University of New Mexico

UNM Digital Repository

Psychology ETDs Electronic Theses and Dissertations

5-23-1967

Input and Output Speed Components of Learning-to-Learn

Jon G. Rogers

Follow this and additional works at: https://digitalrepository.unm.edu/psy_etds

b Part of the Psychology Commons

Recommended Citation
Rogers, Jon G.. "Input and Output Speed Components of Learning-to-Learn." (1967).
https://digitalrepository.unm.edu/psy_etds/293

This Thesis is brought to you for free and open access by the Electronic Theses and Dissertations at UNM Digital
Repository. It has been accepted for inclusion in Psychology ETDs by an authorized administrator of UNM Digital
Repository. For more information, please contact amywinter@unm.edu.


https://digitalrepository.unm.edu/
https://digitalrepository.unm.edu/psy_etds
https://digitalrepository.unm.edu/etds
https://digitalrepository.unm.edu/psy_etds?utm_source=digitalrepository.unm.edu%2Fpsy_etds%2F293&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/404?utm_source=digitalrepository.unm.edu%2Fpsy_etds%2F293&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalrepository.unm.edu/psy_etds/293?utm_source=digitalrepository.unm.edu%2Fpsy_etds%2F293&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:amywinter@unm.edu

Wi

iTY |

I

3

BRARIES
|y

f
/|

ﬂ

Il

|
148










UNIVERSITY OF NEW MEXICO LIBRARY

MANUSCRIPT THESES

Unpublished theses submitted for the Master’s and Doctor’s de-
grees and deposited in the University of New Mexico Library are
open for inspection, but are to be used only with due regard to the
rights of the authors. Bibliographical references may be noted, but
passages may be copied only with the permission of the authors, and
proper credit must be given in subsequent written or published
work. Extensive copying or publication of the thesis in whole or in
part requires also the consent of the Dean of the Graduate School
of the University of New Mexico.

i , 3 T G Roasor

This thesis by 298 7« FO80rS
has been used by the following persons, whose signatures attest their
acceptance of the above restrictions.

A Library which borrows this thesis for use by its patrons is
expected to secure the signature of each user.

NAME AND ADDRESS

DATE







INPUT AND OUTPUT SPEED COMPONENTS

OF LEARNING-TO-LEARN

BY
JON G. ROGERS

A.B., Kansas State Teachers College, 1960
M.A., University of Arkansas, 1963

DISSERTATION
Submitted in Partial Fulfillment of the
Requirements for the Degree of
Doctor of Philosophy in Psychology
in the Graduate School of
The University of New Mexico
Albuquerque, New Mexico

June, 1967




Ve
RSITY
{ OF

BR
AR)



This dissertation, directed and approved by the candidate’s
committee, has been accepted by the Graduate Committee of The
University of New Mexico in partial fulfillment of the require-

ments for the degree of
DOCTOR OF PHILOSOPHY

FEiiuLﬁ\ 6? C ] (i&

DEAN

Wy, 23 lael
1.

DATE
INPUT AND OUTPUT SPEED COMPONENTS
OF LEARNING-TO-LEARN
BY
Jon G. Rogers
Committee
5 o FFAIHMLN
. & /é’
;é!m ‘L{ﬂz,/ &L .‘f.//:é_ R
}, b b / //',

PN Ly /4 » s 7l
I lAL ‘//Ir /‘4‘ '/"“-"-W ; \// -

/ICHEL g //if:,ti /{







ACKNOWLEDGMENTS

The writer wishes to express his appreciation to Dr. Frank
A. Logan, who directed this investigation, for his advice and
indefatigable encouragement, Gratitude is due the committee
members, Drs. David Bessemer, Henry Ellis and Karl Koenig, for
their helpful suggestions and insightful review of this work.

Thanks are alsco due Eleanor Orth and Elna Parks who typed
the manuscript and made many useful contributions to its final

form,

ii

1{'. (sl gl & G
g 'J-_:.m 4.0







INPUT AND OUTPUT SPEED COMPONENTS

OF LEARNING-TO-LEARN

BY
JON G. ROGERS

ABSTRACT OF DISSERTATION
Submitted in Partial Fulfillment of the
A Requirements for the Degree of
Doctor of Philosophy in Psychology
in the Graduate School of
The University of New Mexico
Albuquerque, New Mexico

June, 1967






INPUT AND OUTPUT SPEED COMPONENTS

OF LEARNING-TO-LEARN
Jon G. Rogers, Ph.D.
Department of Psychology
The University of New Mexico, 1967

Input and output speed were investigated to determine if they were
components of learning-to-learn. The major criterion used to distinguish
learning-to-learn from warm-up has generally (e.g. Hamilton, 1950) been
the temporal persistence of learning-to-learn phenomena.

Sixteen paired;associate practice lists consisting of high frequency
words were presented for two trials to four acquisition groups in two sessions
a day apart. Each acquisigion group received input at either a fast (2 sec.)
or slow (5 sec.) rate. Input speed (i.e., study interval) was the time the
stimulus-response unit appeared. Subjects.were required to respond to a
light occurring at either a fast (.8 sec. after the onset of anticipation
interval), or slow (3 sec. after onset of anticipation interval) rate.

The third day each of the four acquisition groups was divided into fourths
with one group being changed to the conditions received by each of the
other groups and one group continuing under acquisition conditions.

Acquisition data wege consistent in showing reliable learning-to-learn
in each of the four groups. On the Day 3 transfer task, the data showed
that changing input speed and/or output speed resulted in a reliable
decrement in learning. The decrement occurred regardless of whether.the
Day 3 speed was faster or slower than the practiced speed.

These results supported the hypotheses that both speed parameters are

components of learning-to-learn. The findings were discussed in terms of

iv







their relationship to micromolar theory. It was contended that general
habits with respect to input and output speeds were developed such that
learning new material was best if the practiced habits were appropriate.
Changing the speed parameter(s) effectively required the subject to learn
quantitatively different speed response(s). It was suggested that changing
the speed components disrupted learned pacing behavior. Data from an
analysis of overt errors occurring in transfer were used to support this

explanation.
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INTRODUCTION

Recently, Postman and others in a series of experiments (Postman
and Schwartz, 1964; Postman, 1964; Keppel and Postman, 1966) have
endeavored to specify "what is learned?" in human learning-to-learn.

In the first article in this series, Postman and Schwartz postulated
without supporting data that learning-to-learn involves the acquisition
of instrumental habits (e.g., acquiring effective techniques of mediation)
related to learning a particular task. A distinction was then made
between learning-to-learn and warm-up. Learning-to-learn involves
relatively permanent processes whereas warm-up refers to more transitory
effects presumably related to performance "set'". Accordingly, improvement
in learning successive paired-associate (PA) lists reflects learning-to-
learn only insofar as this improvement persists over reasonably long
intervals of time.

Postman and Schwartz considered both the development of an optimal
rhythm for observing stimuli and the latency of giving overt responses as
warm-up phenomena in PA learning. The rhythm of observing stimuli depends
upon the speed of S and R presentation and certainly, the "optimal rhythm'
is to assimilate items at the speed they are presented. The speed of giving
overt responses depends upon the anticipation interval and, to some extent,
instructions. An "optimal rhythm" in this sense means that the response
(R) is given during the anticipation interval.

Although Postman and Schwarﬁz treated these input and output rhythms
as warm-up effects, they may equally well be considered component processes
of learning-to-learn. By "component processes' is meant that as learning-

to-learn occurs in the sense of making fewer errors on successive PA lists,







a part of what is learned is a rhythm of observing stimuli and a latency

of giving overt responses. The temporal requirements of PA learning are
quite unlike any the subject is likely to have encountered, and he must
somehow learn to accommodate to them.

Furthermore, micromolar theory (Logan, 1956) would contend that
quantitative variations in either of the speeds define different responses.
Although assimilation speed has not previously been identified as a
iearnable component of a molar response, a logical extension of the theory
would be that if the response of assimilating input were practiced at
different speeds by two groups, then each group would learn to assimilate
at a particular speed and would subsequently assimilate best at that same
speed. The same prediction would hold for changing response latencies,
although it should be noted that we are here dealing with a more general
effect than heretofore considered. The contention in the learning-to-
learn context is mot that a particular list is assimilated and reproduced
at learned speeds but that generallhabits with respect to input and output
speeds may be developed such that 1earning_ggg material is best if those
habits are appropriate.

Speed of input (presentation rate) has been varied in a number of
studies (Bugelski, 1963; Bugelski and Rickwood, 1964; Nodine, 1963, 1965;
Newman, 1964; Baumeister and Hawkins, 1966; Postman and Goggins, 1966;
Carroll and Burke, 1965; Johnson, 1964; Waugh, 1967) but no efforts were
made to provide sustained and/or consistent practice at a specific input
speed. Since these studies were not designed to study learning-to-learn,

only a few lists were presented with a ‘minimal number of items. The

habits with respect to assimilation or output rates were acquired.

subject was not given sufficient practice to determine whether general ‘
|
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Although several studies have reported latency (Nodine, 1963, 1965;
Theios, 1965; Schlag-Rey et al., 1965; Suppes, et al., 1966) or response
speed (Shiffrin and Logan, 1965) in PA learning, these studies were not
addresséd to the question of whether output speed is a component of
learning-to-learn. To answer this question, a general response speed
factor must be separated from response speed as related to specific items
in a list,

The purpose of this experiment was to determine if speed of assimi-
lating input and speed of producing responses are components of learning-
to-learn. Groups of subjects learning with different input and output
speeds were given a number of practice lists to insure acquisition of
components on a two-trial PA task. At least 12 hours after being exposed
to these lists, experimental groups were given three more lists with one
or both of the rate parameters changed. It was predicted that if the
rate parameters were components of learning-to-learn a decrement in
performance would be manifested. If the rate parameters were warm-up

phenomena, on the other hand, they should be lost within 60 minutes after

the experiment (Hamilton, 1950), and consequently, no performance decrement

should be obtained.







METHOD

Subijects.--Ss were 160 undergraduates from an introductory psychology
course,.randomly assigned in order of appearance to one of 16 groups.

Design.--The design was a 2% x 3 factorial design with repeated
measurements. The levels of the variables were as follows: acquisition
input speed (fast and slow), acquisition output latency (fast and slow),
transfer input speed (fast and slow), transfer output latency (fast and
slow). Three transfer lists were used as the repeated measure with each S
in the transfer conditions. The design also involved a layering procedure.
One S from each cell was combined into a layer resulting in a total of 10
layers. Each layer received a different set of 22 lists.

Material.--A total of 440 high frequency words were selected from
Thorndike-Lorge (1944) lists by a semi-random procedure. Proper nouns and
contractions were excluded., A semi-random procedure was alsc used in
combining the 440 words into 220 pairs. Obvious first order associations
and words beginning with the same first letter were excluded. From these
220 pairs, 22 lists of 10 pairs were formed. Treating each pair as a unit
within a list, the units were randomly rearranged for the second trial
order. The 220 pairs were divided at random into lists nine more times
such that there were 10 sets of 22 lists. Since the performance of Ss
across days was to be examined to.determine loss of warm-up and amount of
learning-to-learn, an attempt was made to avoid any performance fluctua-
tions attributable to the composition of a specific list. By having 10
sets of lists, idiosyncrasies of particular lists were averaged out. The

10 sets constituted the layers of the factorial design with onme S from each
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cell in each layer. Consequently, the first 16 Ss constituted the first
layer and each S was randomly assigned to one of the cells. The Ss in
this first layer réceived the first set of 22 liéts according to the
conditions of the cell to which they were assigned.

Apparatus.--The apparatus was a Stowe memory drum with the light
connected to Hunter timers. The light in the memory drum served as the
cue to respond, and was wired to come on .8 sec., after the onset of the
anticipation interval for the fast group and 3 sec. after the onset of the
anticipation interval for the slow group. The light remained on for 1 sec.
for both groups.

After the 5 sec. anticipation interval which was the same for all
groups, the input interval or the stimulus-response interval was either
2 sec. for the fast group or 5 sec. for the slow input group. For example,

the time intervals for the slow output, slow input group were as follows:

R time

Post R time

Pre R time S-R time
= < = D1k >
Tha I R T S A A i it |
3.6 1.0 1.0 5.0
le — SeC. —__plgse seglg sec.
5.0
g———————— Sec. —
-3 10.0 >
sec. 1~
Sl onset Sl:I; onset Sl‘Rl off







Procedure.--Six groups of subjects learned according to the conditions
of the design. The two additional groups were formed by dividing the two
fast input groups into a short intertrial interval (ITI) and a long ITI
group f;r each one. It is possible that differences between the fast
input and the slow input groups might be attributable to the fact that the
slow input groups have a longer total learning time (110 sec. per trial)
than the fast input (80 sec. per trial) groups. To determine if total
learning time produces an effect in this type of task, the fast input
groups were initially split in half with half of each group receiving a 10
sec. ITI and the other half receiving a 40 sec. ITI. This effectively
lengthened the total learning time for the fast groups to that of the slow
input groups.

Each S was given two training sessions from 12 to 24 hours apart
before the test task. Each training session consisted of 8 lists of 10
items each. Each list was presented for 2 trials. On the third day,
after combining the 2 ITI subgroups within each of the fast input groups,
each training group was divided into fourths and 3 more lists were pre-
sented for 2 trials each. One-fourth of each group continued under the
acquisition conditions and one-fourth was switched to each of the other
three conditions. A short ITI was used with all groups on Day 3.

Although it was predicted that changing speeds would initially
result in a performance decremenﬁ, it is likely that S would gradually
adapt to the new conditions. In order to determine the relative inde-
pendence of acquisition habits, the changed groups were returned to their.
practice conditions after the 3 test-task lists and exposed to 3 more

lists,







Instructions were given prior to each session. The instructions
were quite specific to the task in that they informed the S how much time
would lapse after the onset of the anticipation interval before he could
respond on trial 2 and how the S-R interval would be. Day 3 instructions
specifically informed S that the time interval(s) were different from the
previous 2 days. (Instructions are given in Appendix II,)

Since the scoring involved experimenter's (E) judgment with regard
to whether or not the R occurred within the light-on interval, all of the
Day 3 sessions were recorded and the tapes were scored by an independent

scorer., All interval changes were audible on the tapes.







RESULTS

Acquisition

Figire 1 shows Day 1 and Day 2 performance for the 4 acquisitiom
groups. The average score on trial 2 of List 1 of Day 1 was 1.75 with
the groups relatively homogeneous at this point, By List 8 of Day 1,
the average performance was 4.47. At the end of Day 1 a relatively
consistent separation can be seen between the 3 sec. and .8 sec. output
groups, the former performing somewhat better than the latter. The
average performance across groups at the beginning of Day 2, List 1 was
3.21 and increased to 5.49 by List 8. For the groups continuing under
their acquisition conditions on Day 3, the average score for List 1 was
4.88 and on List 3 was 5.25.

To determine if there was a significant amount of learning-to-learn
between Day 1, Day 2 and Day 3, t tests were used to compare the average
performance on the first list of Day 1 with the average performance on
the first list of Day 2. The‘average per formance for the unchanged
control Ss was compared on List 1, Day 2 and List 1 on Day 3. Both t
tests were significant [t£(159) = 10.95, p< .01; t(39) = 7.18, p.< .01,
respectively]. Since warm-up loss shéuld be maximal between the last list
of each day and the first list of the following day, average performance
was compared between List 8 of Day 1 and List 1 of Day 2 [t(159) = 11.14,
p< .01], and for the unchanged groups, between the last list of Day 2 and
the first list of Day 3 [t(39) = 3.70, p.< .01]. 1In each case the amount

of learning-to-learn and the amount of warm-up loss was significant.
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Figure 2 separates the fast input groups according to ITI. It can

be seen that the groups were quite similar in their performance, and
consequently, no performance effects can be attributed to this temporal

factor.

Trans fer

Figures 3, 4, 5 and 6 show Day 3 transfer data for each of the
training groups. It is evident that a performance decrement was obtained
from changing input speed, output speed or both. There is an indication
of some negative transfer in that all but 2 of the changed groups
performed at a lower level on the first list of Day 3 than the average
performance on Day 1, List 1. Points are also plotted on these figures
showing average performance on List 15 and List 16 of Day 2.

The analfsis of variance showed that the most powerful effect re-
sulted from changing output speed, F (1,144) = 165.75, p< .01, The
performance decrement obtained from changing input speeds was also quite
reliable,'F (1,144) = 70,96, p< .01l. The slight megative transfer effect
noted above was not persistent in that there was reliable improvement
across the 3 transfer lists, F (2,288) = 25.61, p<.0l. One four-way
interaction (training input by transfer input by training output by
transfer output) was significant, F (1,144) = 70.15, p<.0l., This effect
seemingly implies that the training-input by transfer input interaction
depended upon levels of the training output by tramsfer output interactionm.
This interaction could result from some groups not showing as great a
decrement as others in transfer. It was not possible, however, to give a

meaningful interpretation to this effect.
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Figures 3, 4, 5 and 6 also show points which give the results

(average performance across 2 lists) of changing back to acquisition
conditions, Table 1 gives, in more detail, the results of changing the
experiméntal groups back to their acquisition conditions. Although there
is some evidence of a slight negative transfer effect, there was a rela-
tively rapid shift back to a performance level attained in original
acquisition, Since there was a relatively rapid shift back to the
practice level, the habits could be assumed to have been independent.

Of the 4,800 responses on Day 3, 4,796 were scored identical to Es
by the independent scorer. Four responses were given so loudly it was
impossible to hear the sound of the light going off. These responses were

scored correct, which was against the prediction.

Error analysis acquisition

A complete error analysis was made oun both the acquisition and trans-
fer data. A summary of the error amalysis can be found in Appendix III-B,
Tables 3, 4, 5 and 6. The major error type for all acquisition groups was
omissions, Begimnming as low as 647 for the 3 sec. output-2 sec. input
(3-2) group and as high as 84% for the .8-2 group, the number of omis-
sions reached an average of 90% for all groups quite rapidly. Overt errors
were most similar within output groups. The largest error type for both

fast output groups (.8-2 and .8-5) was correct responses occurring after

the light was off. Although both of the slow output groups (3-~2 and 3-5)
showed an initial tendency to respond too soon, this error type diminished
very rapidly; extraneous response errors were consistently the more
frequent overt error for the slow output groups. All overt error types,

however, decreased across the course of learning-to-learn as the percent
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of omissions increased. This would imply that Ss were learning to

respond within the temporal requirements of the task. Response intrusions
were a relatively consistent error in the 3-2 groups. Table 2 gives the
error types made by each acquisition group averaged across the last 3

lists of Day 2,

Error analysis transfer

Output changed. Table 2 also shows the error types made during

transfer averaged across 3 lists. When output speed was faster, most of
the overt errors were either correct late responses or intrusions. When
the output speed was slower, the error types were dependent upon the
particular acquisition conditions. When changed from .8-2 to 3-2, 70% of
the errors were omissions compared to 517% for the .8-5, 3-5 group. When
changed to a slower output, the largest overt error type was correct
responses occurring too soon, This type of error was considerably more
frequent, however, in the ,8-5, 3-5 group. The .8-2, 3-2 group made more
response errors (39%) than the .8-5, 3-5 group (11%).

Input changed. When the input was faster, error type was again

dependent upon acquisition condition, Slightly more omission errors were
made by the .8-5, .8-2 group than by the 3-5, 3-2 group. For the .8-5,

«8-2 group, by far the largest overt error group was éorrect late responses,
The overt errors emitted when stimulus-response time was lengthened, was
again dependent upon acquisition conditions. The .8-2, .8-5 group

produced a considerably larger percentage of correct late responses than

did the 3-2, 3-5 group which produced more response errors.
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Input and output changed. When both intervals were lengthened,

correct responses occurring too soon constituted the largest overt error
group. When both intervals were shortened, correct late responses
accounted for the largest number of overt errors, When the interval
change was mixed (one interval faster and the other slower), the pattern
of errors conforms, for the most part, to groups in which the output shift

was similar.
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DISCUSSION

The results support the hypotheses that input and output speed are
components of learning-to-learn. A part of what the subject is learning
as he is learning how to learn paired associates in this paradigm is a
speed of assimilation and a speed of emitting overt respomses. Further-
more, this learning is not "list specific' since it is not confined to a
particular list of words. Rather, it is operative when new lists are
acquired., These findings support the micromolar contention that learning
is best at practiced speeds and that changing speed components in either
direction makes the task more difficult. Exposure to different values of
speed components in a new task effectively requires the learning of
quantitatively different micro speed responses.

The magnitude of the obtained decrement suggests that a major part of
per formance in this type task involves the optimal use of pacing techmniques,
Additionally, these pacing components are relatively persistent. Exposure
to the three transfer lists did not substantially interfere with the
subject's ability to perform at the practiced intervals when changed back.

The fact that changing to a faster speed component increased task
difficulty is quite open to plausible explanation. Performance decrements
resulting from being changed to a slower épeed, on the other hand, are more
difficult to handle; The requirements of the new task may have been
different depending upon the direction of the change.

First, changing to a faster output speed required the subject to give
the response sooner than practiced. During the anticipation interval, the
subject had to search, find, perhaps hold, and then make the response

within the light-on interval. Requiring the subject to produce the correct
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response sooner could interfere with learned techniques of eliciting
associations, and, as a result, disrupt recall. One might, then, predict
a high frequency of correct late responses, and indeed, this was the
predomiﬂant overt error type. Furthermore, the light coming on sooner
than in training might distract the subject in the recall process. This
could result in an increase in response type overt errors, i.e., response
intrusions, stimulus intrusions, and/or extraneous responses. Again,
there was a number of these error types for these groups. All of the
changed groups were asked after the Day 3 _ session if they felt that
the change in the time interval(s) affected their performance, and if so,
how. The most frequent response given by the groups chénged to a faster
response time was that they could not think of the word soon enough, and
secondly, that the light coming on so much sooner was annoying.
Changing to a faster input interval could be viewed as making the
task more difficult since there was less time for rehearsal. The overt
error analysis for these groups indicated that the correct associations
were perhaps weaker in that there were a number of correct responses
occurring too late to be_considered correct and also a number of intrusions.
Second, performance decrements obtained from changing to slower speeds
may result from disrupting learned pacing techniques or paced processes.
It appears unlikely that slowing down output would make it more difficult
for the subject to search and find the correct response since more time
was available for tﬁese processes, Rather, the interval change might have
its detrimental effect by requiring the subject to hold the correct response
longer, In transfer, the fast output groups were required to hold the

correct response two or more seconds longer than in training. That this is
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a difficult requirement is evidenced by the fact that the largest overt

error category was correct responses occurring too soon. The replies
with regard to the effect of this interval change were almost all related
to their-being afraid they would forget the word. Some subjects said
they found themselves directing their attention to the light and when it
came on, they had forgotten the word.

Decrements occurring from lengthening input time may also result
from disrupting stable pacing behavior. The groups which received the
fast input interval in training may have developed a stable technique of
associating the stimuli paced in such a way that it could be employed within
the interval. If this were the case, then changing the speed could inter-
fere with this technique. The increase in late correct responses and both
types of response errors would suggest that the subject's pacing was
disrupted. The most frequent replies to the post~test question by these
groups were that the interval was too slow and that their minds wandered.

It might have been expected on the basis of the total time hypothesis
that changing groups to a longer input interval would improve performance.
Further, one might also predict from this hypothesis that there would be
a separation between the fast and slow input groups during training.
However, since subjects were given only two trials on each list in this
experiment, the prediction would not be appropriate. The separation in
performance favoring longer input intervals found, for example, by Murdock
(1960) may appear at a later stage of list learning.

The fact that this extension of micromolar theory obtains has certain
implications in the search for "optimal" temporal units (e.g. Nodine et al.,

1967). 1In the precent study, one might contend that the practiced units,
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regardless of their length, were optimal to the subjects that practiced

them since they performed best at these intervals. The question of
optimal temporal units, at least for this type of paradigm,would perhaps
best be-asked in terms of ease of acquisition of particular temporal
components. In any event, consideration should be given to the finding

that subjects perform best at practiced intervals regardless of any

superiority in performance between particular groups.
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APPENDIX I

REVIEW OF LITERATURE

The first rigorous demonstration of "learning-to-learn'" was provided
by Ward (1937). Using humans as subjects, he found that trials to cri-
terion in learning nonsense syllables declined as a function of the number
of lists previously learned. The change in the rate of acquisition with
practice on successive lists has been labeled learning-to-learn or non-
specific transfer. An intensive investigation of learning-to-learn with
animal subjects was made by Harlow (1949). He found that the number of
trials required to learn discrimination problems decreased with increasing
experience with such problems. He attributed improvement in solving dis-
crimination problems to the acquisition of a learning set. This learning
set involved compound stimulus learning of relevant dimensions specific
to the set of successive discriminations. Harlow (1950, 1959) believed
that a learning set was somewhat specific to the type of problem practiced
and speculated that the apparent efficiency of adult human learning results
from their having acquired a large number of learning set . Beyond this
presumed specificity, little attention has been given to "what is learned?"
in human learning-to-learn.

Recently, Postman and Schwartz (1964) did consider several aspects
of this question. They investigatéd the effects of type of verbal mater-
ial (trigrams, adjectives) and type of paradigm (paired-associate, serial)
on interlist transfer. Four groups of subjects (Ss) learned one list
under one of the following conditions: (1) paired associate adjectives,

(2) serial adjectives, (3) paired associate trigrams, or (4) serial trigrams.
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Subjects were then transferred to either paired adjectives or serial

adjectives for a second list. All groups performed better on list two
than on list one with superior learning occurring when paradigm and class
of material remained the same across lists. At a more theoretical level,
Postman postulated that learning-to-learn involves the acquisition of
instrumental habits (e.g., acquiring effective techniques of mediatiom)
related to learning a particular task. Learning-to-learn has generally
(Thune, 1950; Hamilton, 1950; Postman and Schwartz, 1964) been carefully
distinguished from warm-up. warm—ﬁp refers to a relatively transitory
effect and has been postulated to involve developing a performance "'set'
which maximized efficiency. Learning-to-learn, on the other hand, is
viewed as a relatively permanent effect, .Postman and Schwartz identified
as warm-up phenomena both the development of an optimal rhythm for ob-
serving stimuli and the latency of giving overt responses. At the outset
a distinction should perhaps be made between these two phenomena as they
operate in a paired associate paradigm. The rhythm of observing stimuli
is dependent upon the speed of presentation of input (stimulus and
response duration). Certainly, to develop what Postman and Schwartz refer
to as an "optimal rhythm'", S would have to be able to assimilate input at
the speed it is presented. The speed of giving overt responses is depen-
dent upon the anticipation interval and, to some extent, instructions.
Here again, an "optimal rhythm" for giving overt responses would mean that
the response (R) is emitted within the anticipation interval.

With the phenomena specified, an alternative rationale in favor of
their being considered component processes of learming-to-learn will be

given. By ''component processes" is meant that as the subject is
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learning-to-learn, in the sense of making fewer errors on subsequent

paired associate (PA) lists, a part of what he is learning is rhythm of
observing stimuli and a latency of giving overt responses. In the first
place, iE is contended that there is justification in assuming that
acquiring an "optimal rhythm" for observing stimuli is a necessary com-
ponent of learning-to-learn a particular task. This would be particularly
true if the task were paced in a way rather unlike any ordinarily encoun-
tered by S. In the case of paired associate learning, the closest thing
outside the laboratory might be learning a list of terms or perhaps,
reading. Even these tasks, however, are different from PA learning.
Learning lists of terms is rarely paced and the requirements of a reading
task with regard to retention are different (to be discussed below). If
the rhythm of stimulus (St) presentation were not consistent with S's
habitual assimilation rate, then for most efficient learning, S would be
forced to change his rate of making observing Rs. Indeed, there may be
certain classes of interfering tendencies which S must inhibit if learning
is to take place within the requirements of the PA paradigm.

In the second place, theré is some justification for assuming that R
latency or speed of giving overt Rs is a component of learning-to-learn.
As stated previously, to meet the requirements of a PA learning situation
the R or output must be emitted during the anticipation interval. To meet
this requirements, an effective technique of responding would necessarily
be one which searched, found and produced the correct R within the antici-
pation interval, As in the case of input speed, S might have to eliminate
inconsistent R latencies and/or mediational techniques to acquire an
effective technique of responding such that it could occur within the anti-

cipation interval.
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Furthermore, with regard to both of the above phenomena, micromolar

theory (Logan, 1956) would contend that quantitative differences in
either of the phenomena are different responses. Assimilation speed has
not preéiously been identified as a component of a more molar response.
The theoretical contention in this context would be that if the response
of assimilating input were acquired under different speeds for two groups,
then the subsequent behaviors, once acquired, would be different. Each
group would learn to assimilate at a particular speed and would subse-
quently assimilate best at the speed at which it practiced., If the speed
of input were changed, a decrement in performance would be predicted.

The same prediction would hold for changing R latencies.

It was the purpose of this study to determine if developing an optimal
rhythm for observing stimuli and giving overt responses (as defined above)
are component mechanisms of learning-to-learn, or if they are merely
transitory warm-up phenomena,

In the subsequent review of literature an attempt will be made to
show that, (1) certain assumptions, not necessarily with firm empirical
support, have governed the way in which the above phenomena have been
treated; and, (2) S was given either inconsistent or a minimum amount of

practice in acquiring these proposed micro learning set components,

Speed of Assimilation
Speed reading programs are based, in general, on the assumption that
the speed at which one reads or assimilates input is a function of prac-
tice speed and efficiency techniques. Furthermore, workers in this area
contend that reading speed can be increased without a loss in comprehension.

If one uses the most efficient techniques of reading, and practices at
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successively faster rates, one will soon learn to read comfortably at a

faster rate. The techniques suggested for increasing efficiency involve
increasing the word attention span (thereby decreasing the number of eye
fixatioﬂé), pacing, and the elimination of regressions. In some cases,
diagnostic photographs are made of eye movement while reading to determine
Ss attention span and whether or not regressions are a problem., He is
then asked to view tachistoscopically sets of numbers in an attempt to
increase the number of letters or numbers in a given interval. Practice
at successively higher speeds is given with a timed film-strip apparatus
which advances the strip at a constant rate controlling the rate of word
presentation. Investigators such as Spache (1962) and Taylor (1963, 1965)
have demonstrated that reading speed (average 250 wpm for college students)
can be improved upwards of 600 to 800 wpm without a drop in comprehension.
There are some similarities between reading and PA learning. Both can
employ exposure to verbal material and can involve assimilating input under
relatively paced conditions. The attention span requirements of PA learning
are very similar to the tachistoscopic training used in speed reading
courses. In the following paragraphs, however, certain contradictions will
be noted between the contentions of speed reading advocates and a portiom
of the PA learning literature. Speed reading researchers suggest that
speed of input can be increased without a drop in comprehension. 1In the PA
literature (e.g., Murdock, 1960), ﬁn the other hand, there is evidence that
increasing the speed of input (St-R duration) results in poorer comprehen-
sion or performance. Certainly when one attempts to compare the procedures
and requirements of the two tasks, several differences are immediately

evident. The nature of the R, for example, is different. In PA learning
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there is a more specifiable R than in reading. In a reading situation

responses are rarely overt but rather are implicit. Consequently, to
measure learning in a reading task, S is given some type of comprehension
test, These tests are different from a recall trial on a PA task in the
way it is presented, the rate it is presented, etc,

It might be asked, for example, why it takes S so many trials to
master a 10 item PA task at a 2 sec. anticipation-2 sec. St-R interval
rate. Looking at this PA task from the standpoint of ordinary reading,
this would be assimilating 30 wpm which is only about one-eighth the aver-
age reading assimilation rate. It is here that the differences in the
requirements of the two tasks become evident, These differences can be
seen in terms of the content of the input material and in terms of the way
in which criterion performance is measured. Whereas in reading, the words
bear some meaningful relationship to each other within sentences and across
long spans of material, in PA learning the meaningfulness across words
within a list is rarely, if ever, constructed to resemble a sentence.
Consequently, in PA learning S is required to form an association between
words or even nonsense syllables which may or may not bear a relationship
to each other, and which rarely bear a meaningful relationship to the
subsequent pairs of items in the list.

With regard to criterion performance in the two situations, there are
also differences. Most PA paradigms fit the conservation model (Posmner,
1964). Within this model, for optimal performance, the output must equal
the specific input as it was presented on previous trials, A reading
criterion test, however, is rarely of the conservation type. Usually,

reading criterion tasks fit either the reduction model where S condenses
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input for optimal performance or the creation model where optimal output

involves combining input with other material available from S's experi-
ence.,

In Ehe PA learning literature, presentation time or speed of input
has been assumed to interact multiplicatively with trials to produce a
constant total learning time (Murdock, 1960). A rather impressive number
of studies is accumulating in support of this contention (Bugelski, 1963;
Bugelski and Rickwood, 1964; Nodine, 1963, 1965; Neuman, 1964). These
studies, in gemeral, demoﬁstrate that when presentation rate is fast, S
requires more trials to learn than when the presentation rate is slower.
The slower the input rate, regardless of practice conditioms, the fewer
trials S will require to learn.

Murdock (1960) proposed that if 1list length and presentation time
were varied simultaneously while keeping total presentation time constant,
equivalent recall for all lists would be obtained., To test this he pre-
sented lists of varying length (20, 30, 40 and 60 items) and varied the
presentation interval (3 sec., 2 sec., 1.5 sec. and 1 sec. respectively).
Subjects were administered the four lists in random order and were then
asked to recall as many of the words as possible, About the same number of
words were recalled from each list. In another experiment, Murdock tested
the same hypothesis in a slightly different way. He reasoned that since
more words are recalled from 1ongef lists because the longer lists require
more time to present, then if lists of different length are presented for
the same length of time, no differences in recall should be obtained. He
then presented 3 list lengths (25, 50 and 75 items) for a constant 30 sec.

free study time. Each subject received all lists. Again recall was the
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same regardless of list length. Murdock contended this demonstrated that

time to learn is constant and is a multiplicative function of list length
and presentation time.

Several things are evident with regard to these studies: (1) In the
first experiment no attempt was made to provide sustained practice at any
one speed and order and sequence effects were ignored; and, (2) In the
second study, since free study time was given, there was mo control with
regard to pacing input.

Bugelski, in two studies (1962, 1963) varied input speed and held
time available for output or the anticipation interval constant. In the
first study (1962), he had a group of Ss learn a paired associate task in
which the presentation rate for the stimuli was held constant at 2 sec.,
and the St-R exposure time was either 2, 4, 6, 8 or 15 seconds to 5 dif-
ferent groups of Ss. Using the product of list length and presentation
time per item as a measure of total time per trial he computed the total
time to learn the list. He found that when total time to learn was used
as the dependent variable the 5 groups did not differ. Bugelski and
Rickwood (1963) attempted to determine if the groups given long presenta-
tion time were wasting time on the longer presentation trials and thereby
introducing some artifact. They allowed Ss free control over their
presentation time (2 sec. anticipation held constant) and essentially
replicated Bugelski's earlier study. They concluded that total learning
time was fairly constant even when Ss were allowed to study the S-R
paired associate combinations as long as they desired.

In the Bugelski studies it is noteworthy that possible order and/or

sequence effects were not confounded with presentation rate; but, again,
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there was little opportunity for S to learn a rate of assimilation. The

lists he used were short and were presented for only a few trials.

Nodine, in two studies (1963, 1965) used a factorial design and
varied bbth St and St-R exposure rates, In the former study, he examined
all combinations of the following durations: %, 1, 2 and 4 sec. Using 3 R
measures (recall, anticipation and latency), all groups were given 21
anticipation trials and 4 systematically interpolated recall test trials
during which R latency was measured., The procedure was as follows: 4 sets
of 5 anticipation trials followed by a recall trial with one last anticipa-
tion trial following the last recall trial. During the recall trial the
St alone was presented for 4 sec. and R latencies were measured with a
voice key. No R or an incorrect R within a recall interval were arbitrar-
ily assigned 4 sec. latencies. This obviously invalidates this as a pure
latency measure since it was confounded with incorrect Rs. Also, no
anticipations could be given by the % sec. St alone groups, therefore,
recall proved the more sensitive measure for all groups. Although both St
alone duration and St-R duration had statistically significant effects on
the number of correct Rs, the effect of the St-R duration was more power-
ful. He postulated that this was due to an increased opportunity to
integrate responses in the longer St-R durations. Indeed, in post
experimental questioning of Ss he found an increasing percentage (% sec.-
45%, 1 sec.-55%, 2 sec.~62%, &4 sec.-82%) of Ss reported rehearsing the Rs
during the St-R presentation interval,

In his second study (Nodine, 1965) Ss were given trials until they
mastered the list, otherwise using the same procedures as before. This

study revealed only St-R duration as a significant determiner of learning
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rate., Also, he found that increasing the St alone durations beyond 1 sec.

resulted in more total learning time than intervals of % or 1 sec.

In both of these studies some of the groups were given incompatible
practice conditions with respect to the development of an optimal rhythm
for observing stimuli. The incompatible trials were the é_sec. St alone
recall trials which were incompatible with all groups having St and/or
St-R interval other. than 4 sec. Indeed, an alternative interpretation
éould be offered for the superiority of the slow groups in terms of the
compatibility of the anticipation-recall trials for the slow group and
consequently postulate that these groups had, in essence, more opportunity
for positive transfer since the St conditions were more similar. On the
other hand, interference effects may have been introduced impeding the
performance of the fast groups.

Newman (1964) examined the effect of pairing time (St and R presented
together) and test time (St alone) on PA learning. He used 4 groups each
of which learned a single list unde; one of the following conditions for
12 trials: (1) 2 sec, pairing-time (P.T.),.2 sec.ltest—time (i)

(2) 2 sec. P.T., 4 sec. T.T., (3) 4 sec. P.T., 2 sec. T.T., or (4) & sec.
P.T., 4 sec, T.T. Consistent with Nodine (1963) he found that increasing
either pairing-time or test-time facilitated performance in terms of the

nuinber of correct responses learned in 12 trials.

Again, however, the list of items was quite short (6 items) and they
were presented for only 12 trials allowing S hardly any practice at a
particular input rate.

Returning to the previously stated purpose of this study with respect

to whether assimilation speed is a learning-to-learn or warm-up phenomena,
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it is evident that: (1) the studies cited above either were not designed
in such a way to be sensitive to this (speed of assimilation) effect due
to the few number of trials or short lists, or (2) they were designed in
such a éay as to interfere with Ss learning to assimilate input at a
particular speed. Furthermore, these PA data seem to conflict with the
research dealing with speed reading, The PA data imply that speed obtains
at the expense of accuracy possibly implying that as one reads faster one
comprehends less. The research in speed reading, although it is in some
respects different from a PA paradigm and, 3dﬁitiona11y, cannot be consid-
ered rigorous, seems to be ~onsistent in showing that increases in reading
rate up to a certain point do not have a detrimental effect on comprehen-
sion, but, in some cases may improve it. It may be that speed reading
programs in emphasizing speed force S to find more efficient ways of
reading such that S reduces the number of stimuli to which he responds
thereby '"shortening the 1list" in PA terminology. On the other hand, a
careful examination of the speed reading training procedures with their
emphasis on pacing and rhythm of eye movement could quite easily be
interpreted as learning-to-learn with one component being learming to
assimilate input at a particular speed. Therefore, in order to clarify,
to some extent, the relation of the rate parameter to learning-to~-learn, an
attempt was made to determine if learning an optimal technique of assimi-
lating input is a component of leérning-to-learn or is a tramsitory warm-up

phenomena.

Response Latency
Response latency was identified above as another possible component

of learning-to-learn. If, indeed, S is to conform to the requirements of
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the PA paradigm, he must learn a technique of responding which finds

and produces the correct R in the anticipation interval. Several studies
have attempted to specify more precisely the nature of the R within the
anticipdation interval of a PA paradigm by taking measures of_ actual R
latency. Nodine, for example, in both of his studies measured R latency.
During the recall-test trials in both of his experiments S was equipped
with a voice key. A timer was activated concurrent with the appearance

of the St members and was stopped with S's verbal response. Unfortunately,
if § failed to respond or if he gave an incorrect R, a maximum latency was
assigned. As a result, latency measures for correct Rs which did occur
were invalidated since maximum latencies for incorrect Rs and/or no responses
were averaged in with the actual latencies of correct Rs.

Several studies (Theios, 1965; Schlag-Rey, et al,, 1965; Suppes, et al.,
1966) testing predictions with regard to a three-state, two-element mathe-
matical model have also measured R latency in a PA type task. It is
predicted from this model that latency varies as a function of the state of
conditioning S happens to be in. They predict that in each conditioning
state there is a population of R latencies and that the mean and variance
of these latency distributions decreases as Ss pass from state one to state
three. On the basis of the predicted means and variances of latency for
each of the 3 conditioning states, a predicted mean and variance of latency
for each trial is derived, The result is a predicted latency curve showing
an extremely rapid initial increase followed by a somewhat slower decrease
across trials, There is some leveling off in the decrease during the last
few trials (e.g., Suppes, et al.). The procedure used by these researchers

in testing their predictions has involved a modified PA task where S
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learned to depress one of three keys to each of twelve nonsense sylla-

bles. A light occurring above the correct key after S's R served as the
reinforcer. Ss are generally run in 2 sessions a week apart until they
complete 5 trials after the trial on which all responses were correct.
For the most part, the observed curves were well approximated by the
predicted curves.

An examination of the procedure reveals that the reinforcement con- .
tingencies were arranged such that the pay-off was greatest if S responded
as rapidly as possible. 1In the first place, the faster he responded the
sooner he would obtain feedback in terms of reinforcer lights. 1In the
second place, by responding rapidly, he would shorten the intrastimulus
interval and subsequently shorten the trial, and ultimately, the experi-
mental session., Therefore, the declining latency curves may be reflecting
more than the state of conditioning S happens to be in. They may, in
addiéion, reflect the learning of a technique of responding which produces
the correct R as rapidly as possible.

Another relevant study in human verbal learning is that of Shiffrin
and Logan (1965). Rather than measuring latency directly, they allowed Ss
to respond freely after giving them practice at either a fast or a slow
response speed. Subjects were presented with patterns of lights for 4 sec.
followed by a response light identifying each pattern with a response
number. The task was to anticipafe the response number correctly. Seventy-
five one-hundredths of a second after the onset of the stimulus for the
fast group and 2.25 sec. for the slow group a buzzer sounded and was the
cue for S to call out the response he thought had been previously associated

with the S.
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After S attained a criterion of 50 out of 52 correct comsecutive

patterns, he was presented a free responding test task such that each time
he responded, the next pattern would appear immediately. The Ss were in-
structed- to attempt to get as many patterns correct as he could in 2 min,.
The fast practice group made significantly more correct responses than

the slow practice group during the test. There were no differences in the
number of trials required by the 2 groups to attain the 50 out of 52 con-
secutive correct criterion. Two months after the first session, the Ss
were recalled and were run through another session similar to the first
with the previously fast group now the slow group and vice versa. Essen-
tially the same results were obtained with regard to the number of correct:
responses in the 2 min. test task. The authors.concluded that Ss learned
to respond best at the speed at which they practiced. Although the more
general question with regard to acquisition of a gemeralized output
latency as a possible component of learning-to-learn was not dealt with,
the findings of Shiffrin and Logan demonstrate that for their task,‘gs
learned a speed or rhythm of emitting specific overt responses.

Lordahl and Archer (1958) suggested that one specific component ac=-
quired in motor learning is a rhythm of responding. This conclusion
resulted from their rotary pursuit experiment in which 3 groups of Ss were
given Day 1 practice at either 40, 60 or 80 RPMs. On Day 2, all groups
were given an additional 30 trials at 60 RPMs. They found that the group
which received trials on Day 1 and Day 2 at 60 RPMs performed better than
either of the switched (i.e., 40-60 or 80-60 RPMs) groups. A decrement in

performance was obtained in the switched groups.
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In another experiment (Namikas & Archer, 1960) an attempt was made

to determine the relative persistence of the performance decrement in the
Switched groups. Three groups of Ss were trained for 20 trials at either
40, 60 or 80 RPMs. At either 2, 4, 8 or 16 minutes after training 20
trials on a transfer task were given at 60 RPMs for all groups. As in the
previous study transferring to the same speed gave the best performance.
Again, a performance decrement was obtained in the changed groups regard-
less of the intertask interval.

The authors concluded that the component skills involved in learning
a task at one speed persist across the intertask intervals used in the
experiments,

It is evident that the studies cited above are not addressed to the
original question with respect to whether response latency is a component
of learning-to-learn paired associates, To answer this question one would
have to extract response speed per se from response speed as related to a
specific list of items., The question, then, becomes whether or not S, as
he is learning how to learn paired associates, develops a technique of
responding such that the R is produced after a particular period of time.
Posner (1962) has suggested that verbal learning experiments require S to
serve as a hold circuit and thus delay the R a specified period of time.
Posner was referring to the length of time elapsing between the first
Presentation of St-R combinations and subsequent anticipation trials. At
a more micro level, however, it is likely that-S also has learned a
technique of emitting the correct R within the confines of the anticipatiép

interval. This would involve developing a technique or rhythm of emitting
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overt responses which is "optimal" to the extent that the Rs are pro-

duced during the anticipation interval.

The.criterion used to distinguish between warm-up and learning-to-
learn is the degree of temporal persistence of the practice effects with
learning-to-learn being more persistent than warm-up (Postman and
Schwartz). Hamilton (1950) found that the facilitative effects of warm-up
were lost within 60 minutes after the experiment., Several things would
seem to be necessary in trying to separate and examine component processes
of learning-to-learn. In the first place, S must be exposed to enough
lists so that the acquisition of all learning-to-learn components can be
assumed, Secondly, once acquisition was assured, if the input or output

rate were changed at a certain interval after the last list, the decrement

in performance would be predicted.
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APPENDIX II

INSTRUCTIONS TO SUBJECTS
Day1 .

"The apparatus before you is a memory drum. When I turn it on you will
see a word in the window. Three seconds (.8 sec. for fast output group)
after it appears a light comes on for 1 sec. and then goes off. After 5 sec.
exposure, the shutter on the right side of the window will open and you
will see this same word along with another word. When you see the word,
pronounce it out loud and try to remember the first word that appears along
with it.

"After 5 sec. (2 sec. for fast input group) exposure to this frame, the
drum will again turn and you will see a different word alone. Three seconds
(.8 sec. for fast output group) after it appears a light will come on for
1 sec. and go off. Five seconds later the shutter will open, exposing this
word with another word. Again, pronounce this second word aloud and try to
remember which word appeéred with it.

"This procedure will continue until you have seen 10 such pairs of
words.

"You will then go through this same procedure one more time, but this
time the pairs will appear in a different order. When you see the first
word of each pair alone, try to anticipate the word that went with it by
pronouncing what you think is correct during the time when the light is on.
Remember, you are to give me the second word ONLY when the light is on in
order for the trial to be considered correct. After 5 sec., the shutter

will open and you will find out if you were right.
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"Let's go through the procedure once more to make sure you understand

what's going to be happening: first a word appears on the drum, then a-
light comes on 3 sec. (.8 sec. for fast output group) after the first word
appears, gﬁen the second word appears for 5 sec. (2 sec. for fast input
group). The second time through the list you are to try to give the second
word aloud only when the light is on. You will see each list only 2 times
and there are several lists.

"Are there any questions?

"I will now start the drum." ‘
Day 2

"Today, you will be learning lists of words as you did yesterday. Let's
go through the proqedure again to make sure you remember what you're supposed
to do: first, a word appears on the drum; then a light comes on 3 sec.
(.8 sec. for fast output group) after the first word appears; then the
second word appears for 5 sec, (2 sec., for fast input group). The second
time through Eﬁe list you are to try to give the second word aloud only when
the light is on.

"Any questions?

"I will now start the drum."
Day 3

"Today, you will be learning lists of words as you did yesterday. Let's
go through the procedure again to make sure you remember what you're supposed
to do: first, a word appears on the drum; then a light comes on 3 sec.
(.8 sec. for fast output group) after the first word appears. (This interval

is different from yesterday.j Then, the second word appears for 5 sec.
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(2 sec. for fast input group). (This also is different from yesterday.)

The second time through the list you are to try to give the second word
aloud only when the light is on.

"Any questions?

"I will now start the drum."

Day 3--Post Test Lists Instructions (Changed Groups)

"You will now receive more lists at the time intervals used during the
first 2 days. That is, the light will again come on for 3 sec. (.8 sec. for
fast output group) after the first word appears; the second word will again

appear for 5 sec. (2 sec. for fast input group)."

48






Analysis of Variance Summary Table:

_ APPENDIX III-A

Table 3

Number of Correct

Responses over Three Lists on Day 3 Transfer

H
- 88

Source
Between subjects

0 (training output)
I (training input)
R (transfer output)
N (transfer input)
oI
OR
ON
IR
IN
RN
OIR
OIN
ORN
IRN
OIRN
Error (S/0, I, R, N)

B e B e e e e e I e e

=
£=

w
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Within subjects

L (lists)
LO

LI

LR

LN

LOI

LOR

LON

LIR

LIN

LRN

LOIR
LOIN
LORN
LIRN
LOIRN
Error (subject X lists)

*p < .05
*%p < .01

WONMNMMNMNNRNNRDNRDNNR DN R

ra
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2.806
.002
4.435
.827
2.062
165.754%%
. 147
1.010
70.955%%
1.670
2.648
2.201
. 147
229
70.151%%

25.606%
«979
1.515
.099
2.204
.603
1.457
.386
1.904
.960
.297
.290
2.012
.022
.788
3.639
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APPENDIX IV

RAW DATA
Qutput Input
Condition: Training .8 Fast 2.0 Fast
Transfer .8 Fast 2.0 Fast
Subject List 1 List 2 List 3
1 4 4 4
2 7 7 6
3 4 4 5
4 6 4 4
5 8 6 7
6 4 4 4
7 4 5 3
8 5 5 5
9 5 7 8
10 6 4 5
Qutput Input
Condition: Training .8 Fast 2.0 Fast
Transfer 3.0 Slow 2.0 Fast
Subject List 1 List 2 List 3
1 0 0 2
2 2 5 2
3 1 2 2
4 0 1 2
5 0 0 0
6 0 0 0
7 0 2 1
8 0 0 0
9 2 2 1
10 % 1 3
Qutput Input
Condition: Training .8 Fast 2.0 Fast
Transfer .8 Fast 5.0 Slow
Subject List 1 List 2 List 3
1 4 5 3
2 i | 4 3
3 1 g 3
4 3 2 2
5 1 2 1
6 0 2 2
7 0 1 1
8 1 0 0
9 2 2 2
10 1 2 2
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Qutput Input
Condition: Training .8 Fast 2.0 Fast
Transfer 3.0 Slow 5.0 Slow
Subject List 1 List 2 List 3
1 1 4 3
2 4 3 3
3 0 0 0
4 0 0 0
5 3 4 3
6 0 0 1
7 1 1 0
8 0 0 0
9 0 3 3
10 0 0 0
Qutput Input
Condition: Training .8 Fast 5.0 Slow
Transfer .8 Fast 5.0 Slow
Subject - List 1 List 2 Tist 3
1 4 3 4
2 3 3 3
3 3 3 4
4 5 6 6
5 4 6 5
6 5 4 3
7 5 6 6
8 5 6 6
9 4 4 4
10 4 4 5
Qutput Input
Condition: Training .8 Fast 5.0 Slow
Transfer 3.0 Slow 5.0 Slow
Subject List 1 fist 2 List 3
3 1 2 3
2 0 *0 0
3 0 1 1
4 0 2 4
5 0 1 3
6 1 0 1
7 3 ) 5
8 2 2 2
9 2 3 3
10 0 2 2
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Qutput Input
Condition: Training .8 Fast 5.0 Slow
Transfer .8 Fast 2.0 Fast
Subject List 1 List. 2 LISt 3
il 1 2 2
2 2 2 0
3 0 1 1
4 0 2 0
5 0 0 0
6 i 2 i
7 2 1l i 1
8 0 1 1
9 0 2 1
10 3 4 4
Qutput Input
Condition: Training .8 Fast 5.0 Slow
Transfer 3.0 Slow 2.0 Fast
Subject List 1 Tist: 2 List 3
1 0 2 1
2 2 3 1
3 0 2 3
4 0 0 1
5 1 2 2
6 1 1 0
7 1 0 1
8 2 1 0
9 1 3 3
10 0 1 1
Qutput Input
Condition: Training 3.0 Slow 2.0 Fast
Transfer 3.0 Slow 2.0 Fast
Subject List 1 List 2 List 3
1 2 3 3
2 3 3 4
3 5 5 5
4 5 4 4
5 5 4 5
6 8 8 5
7 3 5 3
8 7 7 7
9 4 4 5
10 7 6 5
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Qutput Input
Condition: Training 3.0 Slow 2.0 Fast
Transfer .8 Fast 2.0 Fast
Subject  List 1 List 2 List 3
1 1 0 1
2 0 0 1
3 0 2 3
4 0 1 0
5 0 2 1
6 1 0 il
7 0 1 1
8 0 1 ]l
9 0 1 2
10 2 3 4
Qutput Input
Condition: Training 3.0 Slow 2.0 Fast
Transfer 3.0 Slow 5.0 Slow
Subject List 1 List 2 List 3
1 5 6 6
2 4 3 4
3 0 2 4
4 3 3 4
5 1 1 4
6 0 2 1
7 0 2 2
8 4 4 4
9 L | 3 2
10 3 0 2
OQutput Input
Condition: Training 3.0 Slow 2.0 Fast
Transfer .8 Fast 5.0 Slow
Subject List 1 List 2 List 3
1 1 1 2
2 2 2 0
3 1 2 4
4 0 0 1
b 0 0 0
6 0 1 0
7 0 1 4
8 1 0 3
9 1 2 2
10 0 2 2
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Qutput Input
Condition: Training 3.0 Slow 5.0 Slow
Transfer 3.0 Slow 5.0 Slow
Subject List 1 List 2 Tsdst. 3
1 3 4 4
2 5 7 6
3 ] 6 5
4 4 4 4
) 4 6 6
6 4 4 5
7 7 8 8
8 8 6 7
9 6 1 7
10 5 4 5
Qutput Input
Condition: Training 3.0 Slow 5.0 Slow
Transfer .8 Fast 5.0 Slow
Subject List 1 List 2 List 3
1 1 3 1
2 1 1 2
3 1 2 3
4 0 1 2
5 0 0 0
6 1 3 1
7 0 0 0
8 1 2 3
9 0 1 1
10 2 3 3
OQutput Input
Condition: Training 3.0 Slow 5.0 Slow
Transfer 3.0 Slow 2.0 Fast
Subject List 1 List 2 List 3
1 2 4 3
2 0 1 1
3 2 2 3
4 2 2 3
5 2 2 2
6 1 3 4
7 3 5 3
8 2 3 3
9 2 2 3
10 1 3 2
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Qutput Input
Condition: Training 3.0 Slow 5.0 Slow
Transfer .8 Fast 2.0 Fast
Subject List 1 List 2  List 3
1 1 2 2
2 1 5 3
3 0 Poogk 2
4 2 1 1
5 0 0 0
6 1 2 1]
7 3 3 4
8 2 3 1
9 1 1 0
10 2 0 1
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