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Abgtract

Learning of'pairedmassociate items was studied in relation to differ-
ent repetitive sequences of reinforced (R) irials and test (7) trials.
One purpose was to obtaln evidence as to whether either learning or for=-
getting occurs on unreinforced T trisls; & second was to adduce prin-
ciples begring on the problem of optimal programming of R and T +trisls.

The general design shared by the two experiments conducted may be

summarized as follows:

Cycle
Condition 123856789 tovcossoooovosvcocosos
1 RTRT .ocooscovoccosannosoosscoaosasas
2 RRETRRT vovcvcoccoccacocsscossasoaso
3 RTTRTT covcoovcooncoococcoocacoanaces

]'S' RBE‘TRRTT 002000 C0Q00CD00HDE0AR0CD0

Each of these R = T sequences was repeated until s criterion was
reached=~in Experiment I, 24 cycles, and in Experiment II, two consecutive
perfect performgnces on all pairs. Each cycle consisted in presentation
of the entire list of 20 items in & random order.

Subjects were 100 college students, 50 in each experiment. The list
for Experiment I had nonsensge syllables as stimuli and two-digit numbers
a8 response members; the list for Experiment II had the same stimuli with

common nouns a8 responge members. In each list, five items were assigned
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to each of the four conditions. Reinforced trials were paired presente-
tlons of stimulus and respornse members. Test trials were presentations

of stimulus members alone; the subject was instructed to attempt to recall
the response, but no informastion was given concerning correctness of the
response.

Performance on T8 given successively without intervening reinforce-
ment showed no significant change in correct response probgbility~e
suggesting that neither learning nor forgetiing occurred on T trials
per se. The course of learning was, however, affected tc a major extent
by the reatio of Ts to Rs and by their arrangement in the various
repetitive sequences. Iearning curves plotted in terms of error propor-
tion on the first T following the nth R trial lined up in the order:
Condition 3 (lowest), 1, 4, 2. Thus, some process of importance to the
course of acquisition clearly occurs on test triasls, and results in
~increased effectiveness of subsequent R trials. .WhEﬂ acquisition is
considered in relation to the total smount of experimentsl time, the
conditions with highest densities of E trials are most efficient on
early trials, but this relation tends to reverse on later trials, and
over all Condition 1 (RTRT...) appears to be nearly optimal.

Latencies of correct responses were significantly lower than thoge
of incorrect responses. Overall mean latencies for precriterion correct
and error responses and for posteriterion errcrs clustered at a level of
L.2 + .5 sec., whereas mean latencies for posteriterion correct responses
all fell between 2.8 and 2.9 sec. Considering the first response follow=
ing the nth reinforcement, a close correspondence was found between

the ordering of frequency learning curves (proportion of errors) for the
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various conditions and corresponding curves for correct response latency.
The frequency distributions of latencies for correct and for incorrect
responses at different stages of lesrning generated Tamilies of empirical
functions similar to beta=distributions, with virtually equal medes for
all conditions.

Anglyses of the frequency dats in terms of stimuivs sampling modelsg
indicated thet initial acquisition of correct responses proceeded in
essentially the manner prescribed by a one-element; sll-or-ncne mcdel, but
that under some conditions retention logges were significantly gresgter
than sllowed for by a cne-element process., A shbimulus fluctuation model
provided a relatively good account of acguisition and retention phencmena
and a rational inﬁerpretation of the different rates of learning under
the different R - T seguenceg. The tentative conclusicn from this anal-
yeis ig that interspersing R trisls with T +rials increases the
probability that components, or aspects;, of a stimulue which have not been
conditioned to the correct response on the earlier R irials of g series
will be sampled and thus have opportunities to be conditioned on ;ater
E +risls. Whether T trials simply allow time for stimulus fiuctuation

to occur between Rs or provide occasgions for some active process of

stimulus resampling remaeins a guestion for further analysis.
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Chapter I

Introduction

The purposes of this study were two-fold: 40 generate new evidence
concerning theoretical issues having to do with the role of reinforce-
ment and test behavior in paired-asscciate learning, and to explore
different types of reinforcement_tést gequences in the hope of making
progress toward principles.of optimal programming.

.It is.generally assumed that learning of paired-associate ltems
depeﬁds upon two major factors: the subjecit's behavior in test phases,
.that is, active attempts at recall of correct responses together with
observation of rewarding or punishing consequences, and the pfesentation
of information by the experimenter. In the standard anticipation pro-
cedure, which has been used in the vast majority of paired-associate
experiments, these two aspects are confounded. Each trial begins with
a preséntation of the stimulus member of z pair alons, to which the
subject attem@ts to recall the correct response; then the stimulus and
response members are presented together and the subject has an oppor-
tunity to experience reward or punishment.

Several years ago one of the authors began a systematic analysis
of these theoretically separable aspects of an anticipation trisl, the

presentation of the stimulus alone, henceforth denoted T, for "test™;

Preparation of this document was supported by the Office of Naval Research
under Contract Nonr-225(73) and by the United States Public Health Service
under Grant MH 06154 -0k,



and the paired-presentation of stimulus and response members, henceforth
denoted R, for "reinforcement” (Estes, 1960). It is clear that learning
in the sense of incresgses in probability of the correct response occurs
on R presentationg; and to a first approximation at least, the changes
in response tendency appear to occur on an all-or-none basis (Estes, 1960,
1961) though second order deviations from the all-or-none pattern are
observed under some conditions (Estes, Hopkins, and Crothers, 1960
Postman, 1963). The first objective of the present study is to gailn
further evidence concerning the change in correct response tendency pro-
duced by an R occurrence, and, in particular, to study the extent to
which the effects of an R occurrence are invariant with respect to the
type of trial sequence in which it ig imbedded.

To permit experimental examinstion of the functions of the R and
T components of an anticipation trial, we shall use the "RT" pro-
cedure, in which paired-presentations of the stimulus and response
members of an item and recall tests to the stimulus member alone are
administered independently (Estes, 1960; Egtes, Hopkins, and Crothers,
196Q0). Thus an item may receive more than one R between two successive
Ts or repeated Ts without intervening Rs, as called for by the
experimental design.

The second objective of this study is to examine the function of
T occurrences when they are intermixed with Rs 1in various types of

Sequences.



There are theoretical and empirical bases for at least the following
three glternative assumptions regarding the functions of test trials in
paired~associate learning: (1) test trials are neutral; {2) forgetiing
of correct responses, learning of incorrect responses, or learning of
correct responses oceurs during test trials; (3) no systemstic changes
in response probability occur con test trials; but the administration of
tegt trials modifies the elffects of subseguent reinforced triais.

Some evidence in the literature bears upcn at least the first two
of the three assumptions concerning tesi irials. However, the relevance
of some studies becomes clear only when one reenalyzes data gathered for
other purposes.

The first alternative, the neutrality assumption, impliies that
nothing is occurring during test trials in terms of the probability of
correct responses to be learned. That ig, if the gubject is given more
than one T <Trial in succession without intervening EKs, his performance
should not change significantly over the successive T trizls. This
neutrality assumption seems to be supported by the data collected in
miniature experiments by Estes, Hopkins, and Crothers ( Experiment iz,
1960), Jones (Experiment IX, 1662}, Fimas and Zeaman {1963), Postman
(1963), and Seidel (1963). In these experiments, the subject was given
from one to six R +trials, followed by a block of twe to four T trials.
No changes in response probability were found over the successive Ts.
Thus, these studies provide informaticn about test trials at very early
sfages of Jearning of a given list.

The data collected by Richardson (1958} and Goss, Morgan, and Golin

(1959) show only relatively small, and in most cases probably



insignificant, differences among T +trials in a block ¢f 5 to 16 T
trials given after the subject attained a learning criterion of 87,5% to
100% correct rerformance oh a single run through the list.

Regarding the second assumption, consider a block of T +trisals
given after a number of R +trials. If the successive T trials are
assumed simply to increase the time between reinforcement and test,
then during the successive T <$rials forgetiing might be expected to
occur and the probability of a correct response on the last T trial
would be lower than on the first T +trial of the block. This assumption
is supported by an RIT experiment reported by Estes, Hopkins, and
Crothers (Experiment I, l960)9 yielding fewer correclt responses on the
second T +trial than on the first T +triai.

There also is evidence that an increase in the probability of
correct responses over test trials may cccur under some conditions.
Landauer (1962) reported a significant increase in correct recalls from
a first test to a second; but he gave a nonreinforced recognition test
between ﬁhe two tests. Peak and Deese (1937), Richardson (1960), Goss,
Nodine, Gregory, Taub, and Kennedy (1962}, and Butier and Peterson
(1965} all showed significant growth in correct responses over a block
of 5 to 52 T +<rials given after the subjects reached their criterion
of acquisition. In the majority of the conditions reported in these
studies,; however, the probability of correct responses on The last T

trial of the block of fest trials after scquisition was lower than the

probabiiity of correct responsegs at the end of the acquisition period.



An unpublished study by Estes {1963) bears on the third assum.ﬁtion°
He made up a learning list consisting of pairedmassociates with nonsense
syllsbles as stimuli and digits as responses., In one condition, the
subjects learned the lisgt by an RTRTRT ... method (analogous to
the conventionsl anticipation method). In the other conditiéns the sub-
Jjecte learrned by the Rl R2 R5 oeo Rn, T method, when n is some whole
number, the maximum being 40. The results were ciearcut: for the first
condition, the asymptote of the learning curve was reached on about the
15th trial and was, of course, 100% correct. On the other hand, the.
RER ... T condition never reached the 100% asymptote; here when
n = 40, the level of correct responding was only 80%. This result implies
that T +trials are a necessary condition to produce perfect learning.
If this interpretation is correct, then proper utilization of tests is
) major.factor in practical and educational applications, egpecially in
the area of foreign language learning., That is, "Are tests neceséary?",
and if so, "How often in order to produce 100% corvect performance in
the most economical and effective way?"

On the basis of our survey of the relevant-literaturej we planned
the present study under the working hypothesis that T +trials aré
essentially neutral with respect to systematic changes in response proba-
bility on these trials per se. OQOur tentative conclusion was that the
retention loss over two adjacent. test trials observed in some studies
may simply be a spontaneous regression effect (Estesﬁ 1955&) which
occurs as a function of the time taken by test trials rather than of
special events or processes occurring on the trials; in this event, the

retention losses should be limited to the early phases of learning.




Further, we have proceeded on the assumption that the systematic increases
in correct response probability sometimes observed over blocks of tests
.represent simply a recovery from the temporarily disrupting effects of a
sudden transition from a uniform geries of training trials to a uniform
test series. To check further on these conclusions, and also to obtain
evidence concerning the possible potentiating effects of T +rials upon
subsequent R occurrences, we arranged to run rather lengthy series of
replications of several basic sequences of Rs and Ts. As will
become apparent in later sections, the sequences were chosen sc as to
provide for tests of the effects of R +trials which are or are not
preceded by other R trials or by T <risls, and.for the assessment

of changes in response probability over T +trials without intervening
reinfofcement at various stages of learning. In addition we arrang;d to
trace in parallel changes iIn correct response freguency and latency as

functions of wvarious types of RT sequences. .




Chapter 1T

Method

Experimental Designs

Two experiments were conducted in the present investigation. The
two experiments differed onily in terms of learning materialsg, time
intervals of pair presentations; and the equipment used. Both Experi-
ment I and Experiment IT had four experimental conditions, each of which
comprised a specific reinforcement-test sequence. The summary of the
general experimental design is shown in Table 1, R in the table stand-

ing for a reilnforcement trisl and T for a test trial.

Table 1
Reinforcement-Test Sequence for Each Experimental Condition

in Both Experiment I and Experiment IT

Cycle
Condition
1234567809 (.ciceconcecncsccooscsncas
1 R TR TRT voueoosecoooesoosoossassassasss
2 RRTRRTRET vo0oocenncooosnonsassesss
3 BRPTRTTRTT ooovonceococoocconncaoonse
L RETTRRTTRRETT vocoococooconacoses




Each of these reinforcement and test sequences was repeated until
a given subject reached the criterion set for the experiment.

The learning task for each subject consisted of a sel of 20
paired associates, a different set of pairs bheing used in each experi-
ment,

In order to minimize effects of item differences within each
experiment, for each subject the 20 pairs were partitioned randomly
intc four subsets of 5 items and one subset was assigned to each of
the four experimental c¢onditions. The randomization of the item assign-
ments wag done by computer in Experiment I, and by & random number
table in Experiment II.

On each experimental cycle, each pair was presented to a subject
in each experiment with either an R or a T 7procedure depending on
.the sequence to which the pair was assigned. On an R trial, both
the stimulus and the response members of a given pair were presented
to the subject for a specified time. On a T trial, only the stimulus
member of a given pair was shown, and the subject attempted to recall
the correct respgnse; no information was given the subject concerning
- ecorrectness or incorrectness of his response cna T trial. The order
of occurrence of items within each cycle was randomized separately for
each subject.

The experimental procedures which differed bhetween the two experi-

ments will be described separately in the respective sections.



Subjects

In total 102 subjecis participated in the two experiments, 51
in each. One subject in each of the two experiments failed to reach the
criterion within the scheduled session of learning and the data of these
two subJjects were discarded. Conséquently, 50 subjects in each experi=-
ment contributed to the dats énalyses. Twenty-five of the sﬁbjects
participating in Experiment I were undergraduste and graduate students
at Stanford University who were paid for their services. The other 75
subjects were students enrolied in the introductory psychology course
at Stanford University, and their participation was required for course

credit. Each of the sdbjects in both experiments was tested individually.

Experiment T

Experimental Materials

For Experiment I, 20 paired associates were constructed with
nonsense syilables as stimulus mewbers and two-digit numbers as response
members of the pairs. The CVC three letter nonsense syllables were
chosen from the nonsense syllables table published by Noble (1961).

The m-values (meaningfulness) of the nonsense s&llables ranged between
1.5¢ and 1.69. Restrictions on the stimulus members of the vairs were
as follows: (1) A given consonant was used only once among the first
letters of the syllables. (2) The second letters of syllables were A4,
U, and O four times each, I, Tfive times, and E, three times.

(3) For the third letters, as many different conscnants were used as



possible while keeping the m-values of the CVC within the range of
1.50 to 1.69 in Neoble's table. Syllables suggestive of socially
tabooed words were avoided.

The numbers used as response members of the pairs were selected
from Fisher's random number table (1963) subject to the following
restrictions: (1) For the first digit, no "C" was used, and each digit
was repeated a minimael number of times (specifically, 1, 2, 4, 5, 6, T,
and 8 were each used twice, and 3 and 9 were each used three times).

(é) For +the second digits, each of the 10 possible digits was used twice.
.(5) The two digit number which could be made by interchanging the Tirst
and second digits of a previous number was avoided; for example, since
"15" was one of the responses, "51" was not employed. (4) Digits were
.not repeated in the same response; that is, numbers such as 11, 22, 33,
.;., 89 were avoided.

The pairs constructed for Experiment I were as follows:

BIY -- 97 NAJ -~ 61
CoT  -- 31 PIE -- 28
DIT -- 65 QP -- 59
FIH -- 38 REH -- 73
CGOH -~ 52 S0Q -~ 17
HUY -- 89 TEH -- 93
JAF -- G4 - Vs -- 86
KIQ -- 42 WEF -- 70
LUW -- 26 , YAR -- 3k
MIX  -- 15 ZAK -- 40

10



Experimental Apparatus

For Experiment I, an automated experimental situation was achieved
by using the verbal asscciative learning apparatus inetalled in a pair
of adjoining rooms at the Institufte for Mathemstical Studies in the Social
Sciences at Stanford University. The apparatus was designed by
R. C. Atkinson and W. K. Estes and engineered by the Stanford Research
Ingtitute.

In the experimenter's rcom, the major control compbnént was built
around g 526 IBM Summary Punch. For each subject a deck of 496 IBM
cards was prepared. Sixteen of the cards were for the practice task
prior to the main task, and 480 cards were for the main experiment. Part
of each IBM card wag pre-punched with information to control stimulus
presentations and part was resgerved for recording data. Column positilons
on the card were controlled by the control panel of the 526 and its star
wheels. The information read was stored in banks of IBM relays.

Intertrial intervals, 2 sec. in Experiment I, were controlled by an
ATC-BE3400 timer with a 2 to 30 second range. At the end of an intertrial
interval, the stimulus display was activated. Exposure of an IEE In-line
Digital Display was controlled by an ATC=-E1101 timer with a range from
.1l sec. to 10 éeco During the intertrisl interwval, the contents of the
Berkeley timer and response key relsys were punched out on the IBM card
by the IBM 526. Then the card was advanced and the procedure was repeated

automztically until the entire 496 cards were run.



The éXperimenterfs room containing all of the control eguipment
and the subject's room containing the display panels and response keys
used by the subject were connected via a two-way intercommunication
system.

The subject's chamber was sound-deadened and air conditicned. The
subject sat in a chair 5.5 feet away from the display panels, which
consisted of the two windows: an upper panel and a lower panel. The
size of each panel was 2 in. x 12 in. The two panels were identical
except for position. Eight letters or digits could be displayed in each
of them. For Experiment I, three letter positions of the left side of
the upper panel were used for the Stimulus presentation on both B and
T trials. The response digits were shown on two letter positions
of the right side of fhe lower panel on the R +trials. Nothing was
presented in the lower panel on the T +trials.

On the table in front of the subject's chair were two
columns of response buttons of 7/8 in. X 1 in. in size. Rach of the
columns contained 10 response keys, numbered © to 9 from the
bottom in ascending order, the boitom being closest to the subject.
After the stimulus had appeared on the display panel ona T +trial,
the subjéct indicated his response by depressing first one key in the
left-hand column and then one in the right-hand column second, thus
generating & two digit number. As soon as the subject depressed each
key, it was lighted up until thé respoﬁse was recorded by the IBM 526
in the control room. The ¢peration took less than 1 sec. Response
time was messured from onset of the stimulus to the depression of the
second of the two response keys. In order to depress the keys, the
subject was instructed to use only the forefinger of the preferred hand.

12



Iixperimental Procedures

Upon arriving at the subject room, each of the 51 subjects who
participated in Experiment I was instructed to learn 20 paired-
agsociates as quickly as possible. The two kinds of trials, R and T,
and the method of responding were explained.

First a practice task was given to each subject in order to
familiarize him with the nature of the experimental task. This practice
task was intended to prevent the large "warm-up" effect often observed
in paired-associate studies which might show up as a changing condition-
ing probability at the very early stage of learning. The practice list
cpntained 4  pairs, each representing one of the four experimental
conditions indiceted in Table 1. The stimuli of the practice pairs
were symbols such as "$", "=", "+", and "¥"; and the responses
were the numerals "25", "76", "shk', gana "80" respectively. These
numbers were not included in the main list of the experiment. The
response procedures of the practice task were identical to those of the
main task. Four trials were given to each subject as his practice task.

After a brief rest, the main experimental task was given. In
Experiment I each subject wasngiven 24  trials on each item. During
the 24 +trials, the subject had 12 R trials and 12 T trials in
Conditions 1 and 4, since the respective experimental seguences
were RTRT ...and RRTT.... In Condition 2, he had 16 R
trials and 8 T trials,the sequence being RRTRR T ...; and in
Condition 3, &8 R trials and 16 T trials, the sequence being

RTTRTT...

15



The items were presented in 24 successive cycles, each cycle
including all 2C items in a random order. The assignment of an item
to the R or the T oprocedure in any cycle was determined by the con-~
dition to which the item belonged. Thus in the first cycle, all items
received R +trials; in the second cycle, items belonging to Conditions
2 and 4 received R +trials while those of Conditions 1 and 3
received T +trials, and so on. There was no identifiable interval
between cycles beycnd the usual intertrisl interval.

On R +trizls, the stimulus and response members were exposed
together for. 2 sec., the display being followed by an interval of
2 sec. Ona T +trial, only the stimulus member of a given pair was
shown; at the outset of the stimulus display on.a T trial, a Berkeley
EPUT timer was activated, and the subject’'s response stopped the
Berkeley timer and operated a responce relay. Since latency was one
of the learning messures considered in Experiment I, response time
was therefore determined by the subject himself (self-paced procedure).
Upon operation of the response relay the display terminated and the
intertrial interval of 2 sec. began. No feedback was given to the
subject at any time ona T +trial.

The entire experimental session, including the practice task,

ranged from 57 min. to 80 min., depending on the subject.
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Experiment II

In Experiment I .of the present study, the stimulus members of
the pairs were nonsense syllables and the responses were two-digit
numbers. There proved 1o bé little evidence of lesrning on test trials,
but the possibility must be congidered that the effects of test trials
would be qualitatively different if the response members of the pairs
were words. With words as responses, such factors as ease of response
rehearsal and multiplicity of associations might yield additional
cpportunities for learning of some kind on test trisls. Further, with
words as responses, at the early stage of learning ﬁhen the whole response
list is not initially known to the subjects, there might be more rocm
for response learning than in the experiment with numbers as responses.

Thus, BExperiment II was conducted with the same overall design,
and so far as was feasible {he same procedures, but with common English
words rather than numbers as response members ¢f the paired associate

items.

Bxperimental Materials

Twenty paired associate items were constructed with nonsense
syllebles as stimulus members and familizr words as response members of
the pairs for Experiment II. The stimulus items were the same ones
used in Experiment I. The response words were common nouns selected
from Thorndike-Lorge Frequency Count (1944). Each of the words cccurred

more than 100 times per million.
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The pairs used are shown below:

BIY -- Wall NAJ «- Tree
COJ -~ Valley - PIH -- Car
DIJ ~- Line : Q0P -- Gate
ITH -- Yard REE -- Machine
GOH -~ Rain ' 50@ ~- House
HUY -- Door TEH -- Ear
JAF -- Bird ' VUS -- Post
KIQ -- Season WEF =-- Irom
LW -2 Article YAB -~ Fruit
MUX - Job ZAK -- North

“Bxperimental Procedures

Each of the twenty pairs was typed in the center of a 2% X 5
white card: +his side of the card was shown on R trials. On the
other side of the same card was t&ped only the stimulus member of the
pair tc be shown on T trials.

In the experimental rocom, the experimenter and the subject sat
face to face with a 3 X 5 foot table in between. On the table at a
distance of 2 feet from the edge of the subject’s side was & 10 x 15
inch screen which served a5 a barrier between the experimenter and sub-
Ject. The cards were presented manually to the subject on the lower
righﬁ edge of the screen.

Cn an R +trial, a subject was instructed both to spell a given
stimulus sylliable alovd arnd to read the response word during the 5 sec.
exposure time. On a T +<trial, the subject was instructed to say the

response word appropriate to the stimulus presented. The time given to
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the subject to respond cn T trials was alse 5 sec. A failure to
respond within the 5 sec. interval was classified as a blank response
and counted as an.error° There was no delay between successive card
presentaticns within a cycle through the list. A lafsyette Recyecling
Timer clicked every 5 sec. and regulated the presentation of the
cards. The twenty cards were well shuffled during the inter-cycle
interval, which lasted approximately 10 sec.

The practice task was given to the subject prior to the main task.
The subject was required toc learn two items: IEC-Ball with the RT
sequence (Condition 1} and ABC-School with sequence RRT (Condition 2).
The subject was informed zbout the cther sequences {Conditions 3 and
4} as well. After a brief pause the main experiment followed.

The learning criterion of Experiment II was two consecutive
perfect performances for each pair in the list; that is, learning was
terminated at the end of the cycle on which the subject made two con-
secutive correct responses in the protocol for the item he learned last
among the 20 pairs. The termination point did not necessgarily fall
at the end of a reinforcement-test sequence for any given condition.
For instance, if the item the subject learned last was in Condition 1,
and he reached the criterion during the 10th cycle, he terminated the
experimental task with T +trials for items of Condition 1, and with
R +trials for items of Conditions 2, 3, and 4.

According to the learning criterion employed in Experiment II,
the earliest possible termination of the experimental task could occur
on the 6&th cycle with the subject having experienced at least two T

trials for each of the four conditions. Conseguently, the number of
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cycles needed for each subject was greater than or equal to 6. Since
rthe length of each reinforcement-test sequence was two trials in
Condition 1, three in Conditions 2 and 3, and four in Condition by,
it is impossiﬁle tc make a simple general statement about the number of
T +rials given only the number of cycles (N) the subject needed to
reach the c¢riterion. ©Specifically, the number of T trials for
Condition 1 dis N/2 when N is an even number, (N-1)/2 when N
is.odd. For Condition 2, the number of T trials is N/3 if N = 3n,
where n is any integer; (N-2)/3 4if W = 3n-1; and (NFl)/B if

N = 3%n-2. For Condition 3, there were 2N/5 T <Zrials if N = 3n;
(2N-1)/3 T +trials if N = 3n-1; and 2(N-1)/3 T +trials if

N = 3n-2. For Condition k&, the nuwber cf T trials was N/2 irf

N =4n, (N-1)/2 4if N =lkn-1, (N-2)/2 if N = Ln-2, and
(N-1)/2 if N = L4n-3.
The experimental session including the practice task ranged from

4o min. to 110 min. averaging approximately 58 min.
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Chapter III

Results

Individual Differences

In each of the two experiments of the present study, each subject
learned the pairs in all of the four experimental conditions. Conse-
quently, each subject served as his own control For comparing the experi-
mental conditions. However, there might have been some differences in
legrning ability or motivation among the subjects whe appeared early in
a given experiment and those whe came later. Also there might have been
some differences in Experiment I between the volunteer subjects and the
subjects who participated in the experiment for the course reguirement.
To test these questions, 50 subjects in each experiment were divided
into five equal blocks, 10 in each, according to the order in which they
were run in a given experiment, the 10 subjects in block 1 being those
who gppeared earliest.

In Experiment I, the differences among blocks were tested in terms

of the mean number of trials to the last error in Condition 1. The
anglysis showed no difference among the blocks Of.subjects:
F(4, 45) = 1.57. There was no significant difference between the paid
volunteer subjects and the subjects from the introductorj psychology
course: t = 1.12 with af = 48.

In the same fashion, in Experiment IT, a simple analysis of variance

wag carried out for the five biocks in ferms of the mean cycles needed
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to reach the learning criterioﬁ of two consecutive perfect performances
for each pair in the list. Again no differences were found among the
blocks: F(&, 45) = .38.

Since the subjects for Experiments I and 11 were drswn from the same
student population, and since successive blocks of subjects within each
experiment proved homogeneousg in ability, it is unlikely that there were
any significant differences in subject wvariables between the experiments.
Thus we shall proceed on the assumption that any differences iﬁ results
between Experiments I and IT may be attributed to the differences in

procedures.

Frequency Analyses

We consider First those aspects of the frequency data which bear
most directly upon the gquestion of learning or forgetting during
sequences of unreinforeced test trials. Table 2 presents the proportions
of errors on the first and second test trials, Tl and TE’ of each
successive repliication of the RTT or RRTY sequence, respectively, for
Conditions 3 and 4 of both Experiments I and II. TFor example, under
Experiment I, Condiéion 3, the values .94l and .960 in the firsf column
and first two rows are the error proportions for Tl and TE’
tively, of the first RIT sequence; the values .808 and .84k are the

respec-

error propertions for T gnd T respectively, of the second RTT

1 2

sequence. Similarly, for Experiment I, Condition %, the values .80t and

.860 are the error proportions for T. and T2 of the first RRTT

1

sequence, .572 and .576 for T

1 and T2 of the second RRIT seguence,

and 80 on.
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Tgbhle 2

The Proportions of Errors on Tl and T2 of Each
Replication for Conditions 3 and 4
in Each Experiment
Replicatidn
1 2 3 L 5 6 7 8
Bxperiment T
Condition 3 (RTT)
P(El) Louly | 8081 .588 1 b2k .e52 ) .22k | L1561 084
P(Ee) L9650 ¢ .8k | .s8h |y 4ok | 260 216 152 | 080
Condition 4 (RRTT)
P(El) 80k} o572 348 | 2004 (152 | .120
P(EE) 8601 5761 332 | 212 .0156 .108
Experiment IT
Condition 3 (RIT)
P(El) B76 | L4601 L1601 L0601 008 ) L0121 .00k | 000
P(EE) 860 % L0887y .1kh | .oko!l L0081 L0121 Look | 000
Condition 4 (RRTT)
P(El) 56011 .220 1 048 | .02k | L0000 | .0O4 | 000
P(Eg) -600 | .192 1 .052 | .012 | ,000 | .00k | 000
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The data of the first two replications, which showed the most differ-
ence between the two Ts within s replication, were pooled and the
differences between mean estimstes of P(El) and P(Eg) were tested by
t-test. The obtained ts were as follows, all with daf = 49: in Experi-
ment I, for Condition 3, t = .27, for Condition 4, t = .28; and in
.Experiment TI, for Condition 3, t = .37, and for Condition Lk, t = .07.
All of these ts have probabillities greater than .50. The differences

" between P(E.)}) and P(EE) values for the later replicetions were zmaller

1

than those of the first two replications and obviously insignificant.
Evidently we may conclude that there are no significant changés in

correct regponse probability, in the direction either of learning or of

forgetting, over twd.successive test trials when there is no intervening

reinforcement of the given item.

An additional source of information concerning the probasbilities of
gome type of learning on test trials is available in the datas for

repetitions of correct responses and shifts from incorrect te correct,

over pairs of unreinforced tests. Table 3 gives estimates of P{CES Cl)

and P(02= Il), the probabilities of a correct response on T2 given a
correct or an incorrect response, respectivelyﬁ'on Tl’ for each repii-
cabion of RTT (Condition 3) and RRTT (Condition 4). These conditional

probabilities were estimated by the appropriate proportions in the data

poocled over all subjecis and asppropriste items. For example, tc obtain

the estimate of P(CE: C the proportion of joint occurrences of

s
correct responses on Tl and T2 were pcoled over gll Tive items of
the given conditicn for all subjects on a given replication and this
proportion was divided by the proportion of correct responges on the Tl

trial of that replication. The principal trends are that these condi-

tional probability estimates increase drsstlically over successive
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Conditional Probgbilities of Correct Responses on T2 of Each

Tahle 3

Replication Given a Correct Response, P(Cg: Cl)’ or

Given an Error, P(CE: Il}, 5n Tl
Replication
1 ) 3 L 5. 6 7 8 9. | Mean¥*
Experiment I

% Condition 3

| P{C,: C,)1.500|.708 |.806 | 965 | 925 .959| .962| .978 ,528

f N A 81 10%{ 144y 187 94| 211 229 1130

‘ P(Cyt 1)) 013 ].025 [.143 | .09k | .190| .179] .251| .286 087

N . 1236 2021 147 106 63 56 39 21 870
Condition 4

P(ng cl) 653 1.8221.9201 .950 | .9621 977 .92k

N 491 107| 163 200| 212} 220) 951

P(02 11) 2015 [.126|.195 | 10| .18k} 267 ,109

N . | 201l k3| 87 50 38 30 549

Experiment IT 7
Condition 3

P(02: cl) LBT7L[.978(.986 | .987 [L.0001{1.000! .§96i1.000{1.000 | .992

N 31| 135 ] 210) 235 2b7i 247i 2h9f 250 250 | 1854

. P(Cy: L)) [-037 |.139 275 | 467 | .000| .000{1.000| =--| =--| .098

|

¥ 219 115| &40 15 3 % 1 0 0 366
Condition 4

P(CE: cl) 827 1.979.983 11.000 {1.000|1.000 11,000 .98

N 110 195| 2381 24k 250! 2491 250 1536

P(Ces Il) <06k 200|250 o500 | ===| .000i == 121

} N Sl aboy 551 121 6 0 1] 0 21L

*Mean over all replications except the first.
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replications for both experiments and both conditions. In the case of

P(CB: Ci)’ this increase is expected regardless of whether learning is
proceeding according to an all-or-none model or some type of incremental

model (see Estes, 1964). The lower values of P(Ce:

Cl) on early
replications for Experiment I are probably due to the grester incidence
of guessing with digits rather then words as responses. When a subject
is choosing from a relatively limited set of response alternatives, as
in Experiment I, sone respbnses will be correct by chance on the Tl
trial of a replication but wili be unlikely also to be correct on the
following T2 trisl.

The gquantity P(Cg: I similarly increases over replications in

all cases and is generally higher for the RRTT than for the RTT condi-
tion. The progressive increase over replications suggests that the rate,
or probability, of acquisition of correct associations is progressively
increasing over the experiment (& "learning to learn” effect). The
observed increase is considerably too great to be accounted for by the
learning of response setg; if the set of responses being‘used in the
ligt for a given subject were fuliy learned and the subject guessed on
all trials when hé had not learned the appropriate correct association,
the probability of a success by guessing on any item would be only .05,

The values of P(CE: T are of sbout this order of magnitude on the

1)
first replication bubt increase to substantizlly higher levels on later
replications.

The wvalues of the two conditional probability estimates averaged

over all but the first replication for each condition, given at the

right of Table 3, exhibit the pattern associated with all-or-none
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acquisition processes--that is, very high values of P(C C and

pi Cp)

relatively low values of P(C I The former values are close enough

ot 14
to unity to suggest that I1ittle retention loss occurs once a correct

2: Il) are

response has occurred t0 & given item. The wvalues of ?(C
 somewhat larger than could be accounted for on the basis of successes by
guessing if the subjects, when responding on unlearned items, make their
responée selectiong from the full set of available responses. The
observed levels, in the neighborhood of .10, could result either from
" superior guessing strategies, in which responses bhelonging to learned
items are not used in guessing, or from a failure of associative learning
in this situation to conform clesely to the all=or-none principle.
Further evidence concerning these possible interpretations will be given
in a later section.

Better evidence concerning changes in learning rates, or "condition-

T

ing probabilities," is given in Table 4, which includes for Conditions 3
and 4 of both experiments the proportions of instances on which an item
was correct for the first time following.a given reinforcement. Reading
across the first row, for example, one sees that for items of Condition 1,
Experiment I, the proportion .002 'ﬁas correct on the first test trial
following the first reinforcement; the proportion .185 was correct for
the firgt time on the test trial following the second reinforcement, and
so on. Reading down the second column for Experiment I, we see that on
the firet test trisl following the second reinforcement, the proportions
of items correct for the first time were .185, .168, .146, and .196,

for Conditions 1, 2, 3, and 4 respectively. According to any all-or-

none interpretation of learning, these proportions give estimates of the
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Table 4
Proportion of Items ¥irst Correct after

a Given Reinforcement

R, R, R5 Ry, 35 R¢ R7 Rg
Experiment T _
P(C) 092 | 185,195} .262 | 282 | 329 | .415 | .290
Cond. 1 .
| N 2501 227 185§ 1491 1101 79| 53| 3
_ P(C) 168 . 346 .353 | 420
Cond. 2 ' ' -
N 250 208 | - 136 §. 88
o P(C) 0561 146} 3ok | .62 | o5 | a7 | 286 | L 360
Cond. 3 : .
N | 250) 233 194 122 87 46 35 | 22
| P{C) ‘ 196 | 4333 . 387 ]38
Cond. 4 '
N : 250 198 | 119 63
Experiment iI |
| -~ P(e)y 148 | .h3e | W55 W57k | L6091 222 |
Cond. 1 |
N 2501 213§ 121 54 23 9
P(C) | .388 L582 656
Cond. 2 :
N 250 ' 153 | 64
p(c) | .124 | .43 .54k L500 | .62 | 000 |
Cond. .3
N 2501 219% 114 36 131 2
P(C) _ 40 .57 627
Cond. U4 e
N , 250 0 51
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probability that an asgoclation forms on any given reinforced trial;
according to an ineremental interpretaticn, such as thal associated with
the linear model, these proportilions are related in relatively complex
ways 10 learning-rate parameters, and about all that can be said about
thém,in general is that they should increase over successive replications.
According to an all-or-none model, these proportions should be constant
over replications if the basic conditioning probability is constant but
should increase if there is any '"learning to learn" effect.

Considering the sets of wvalves within columns, that is folliowing
constant numbers of reinforcements, and neglecting instances based on
small N's, we conclude that the probability of an item's first shifting
from the incorrect to the correct state increases substantially over
replicatioﬁs and that this increase is primarily a function of a number
of preceding reinforcements rather than of the number of preceding test
trials., This pattern is particulariy striking in the data of Experi-
ment II. Consider, for examplie, the first two replications of Condi-
tions 3 and 4. The probability of an item shifting from incorrect to
correct is nearly four times as great on the second reinforced triasl as
on the first; but this probability is virtually the same whether the
second reinforcement is or is not preceded by two test trials.

In many respects the mogt ingtructive results, from.both theoretical
and practical standpoints, are the learning curves exhibiting response
. frequency as a function either of number of preceding reinforcements or
of total trials. If T <trials are strietly neutral with respect to
changes in correct response probability, then learning curves of the

Tirst type should be identical, except for sampling error, for all four
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conditions. Previous analyses 1indicate that no significant changes in
correct regponse probability occur on T +trials, but the possibility
remging that the presentation of T trisls might affect the learning on
subsequent R +trials. To check on this point, we turn to Fig. 1,
which presents the proportion of errors on the first test trial following
each reinforcement for each of the four conditions.

The feinforcement-test sequences for Conditions 1, 2, 3, and 4 were
respectively RTRT cco, RRTRRT .o RTTRETT ..., and
RRTTRERETT .... UConsequently, for Conditicn 1, the proportion of

s

errors on the iﬁhﬂy trial was plotted as the point immedistely after the
ith R trial on the abscissa of Fig. 1, where 1 =1, 2, .v.y, 12 in
Experiment I, and i=1, 2, ..., 1} in Experiment II. For Condition 2, the
tests occurred only after the even numbered R triais, and thus points
are plotted for 1 =12, 4%, ..., 16 in Experiment I, and 1 =2, 4, ..., 18
in Experiment II. In the same fashion, for Condition 3, the error pro-
portions are plotted for the first of the two T +irials following every
R;s where 1 =1, 2, ..., 8 in Experiment T and i =1, 2, .o, 9 in
Experiment II. For Condition 4, the error proporticns are plotted for
the first of the Twe T trials following each even-numbered R trial, one
point for each RRTT replication, with i =2, 4, ..., 12 in Experiment I
and i = 2, by o.., 1t in Experiment II.

Whereas the points plotted on any given ordinate of Fig. 1 repre-
sent performance following a constant number of reinforcements, the
conditions differ with respect to the number of preceding test trials

and therefore the total number of preceding trials. Considering, for

example, the values for the first test trial after the eighth
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reinforcement, the point for Condition 1 was preceded by 7 T trials,
that for Condition 2 by 3 T +trials, that for Condition 3 by 14 T
trials, and that for Condition 4 by 6 T trials. We note immediately
that the curves for both experiments line up in the order of the number
of T trials preceding a given plotted point. Thus, in esch experiment
the curve for Conditicn 3 is lowest throughout, that for Condition 1
next, then thst for Condition h; end finally the curves of Condition 2,
in each case highest. However, it does not gppear likely that number of
preceding T trials per se is the critical variabie, for Conditions 1
and 4 differ only by one unit in the number of Tg preceding any plotted
ﬁoint, but their curves are well-separated for both experiments and, in
particular, diverge considerably more than the curves for Conditions 2
and 4 which differ by a 2 to 1 ratio in the number of T +trials preceding
a given point. Ewvidently, the major facter must be the spacing out of
reinforced triais by blocks of one . or more T trials. Furbther investi-
gation will, of course, be necessary to determine whether we have reached
the optimum with Condition 3 of the present study or whether learning
would be still faster if more than two T trials intervened between
successive reinforcements.

Taking together these findings and those of the previous section,
wé can see.that the answer to guesticns concerning the effects of test
trials on raired-associate learning is not going tc be simple. When we
simply lock at performsnce cn tegt trials which are given successively
with no intervening reinforcement, we observe no gsignificant change iIn
correct response probability, suggesting that neither learning nor for-

getting is occurring. However, some process of importance to the overall
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courge of gcguisition clearly does occur on test trials and the result

of this process is to dncrease the effectiveness_ef subsegquent reinforced
trisls. We canncot within the present experimental design separate the
effect of any activity cccurring on test {rials from effects of the time
taken by the test trials. However, the substantial differences between
the curveg for Conditions 1 and % in each panel of Fig. 1 rather suggesis
the former interpretation. In Cordition 1 tThe time between successive
reinforcements of a gilven 1ltem ig aliready rather izrge in terms of the
intervals ordinarily occurring in learning experiments, and it is hard
to believe that simply the increase in temporsl spacing involved in going
from Condition 1 to Conditicon % could produce effects as large as those

observed.

£

From s prsctical sbandpoint 1t 1s of interest to compare the four
conditions with regpect to efficlency in the gense of the level of per-
formance attained after a given Total amount of time in the experimental
situation. Hvidence con this pecint is provided by Fig. 2 in which we
have plotted for each cycle (that ig, each successive randomized pre-

sentation of the 20 items of the list for a given subject) the proportion

of errors for all conditicns having a test trigl on that cyele. Ail

oz

conditicns are repregentad simulisnecusly only on the twelfih and twenty-
fourth eycles, bub overall trends for the four conditions are not 4iffi-
cult tc compare., Since we have determined in the preceding sectilon that
learning of the correct response gceurs only on reinforced trials, one
might have expected that in this figure the curves would line up in
crder of the density of reinforcements over the trials preceding any

given plotted poiat. To some extent, this expectation is borne out; for

5L



PROPORTION OF ERRORS

PROPORTION OF ERRORS

Lo

0.9

0.8

0.7

0.6

8.5

0.4

0.3

0.2

0.1

1.0

0.9

0.8

9.7

0.6

0.5

0.4

0.3

0.2

0.1

I T T T T 1 T u 1
RN
\
\4\ e——e CONDITION 1 (RT)
AN A A——a CONDITION 2 (RRT)
N \\ 0=+ =0 CONDIION 3 (RTT}
NN &-—e—-5 CONDITION 4 (RRTT)
| | x | } 1 | | | | i
2 4 6 8 0 12 W % 18w 2 4
CYCLES
EXPERIMENT I
] | T T ] T I T T I ! ! T
o :
e ™\
by a——a . CONDITION 1 (RT}
\ a——a CONDITION 2 (RRT) 7
\\ O~ ~+—-0  CONDITION 3 (RTT)
\ ' &-=—a CONDITION 4 (RRTI) .

CYCLES
EXPERIMENT I

Pig. 2 Learning Curveg in Terms of Cycles.

a2



example, Condition 2; though consistently running above all of the others
in the curves of Fig. 1, exhibits the most rspid improvement in per=-
formance as & function of eycles in Experiment I {see upper panel of
Fig. 2} and is one of the two most efficient in Experiment II. More
striking is the efficiency of the RTRT condition, the performance curve
for which overtakes and passes that of Condition 2 {RRT} relatively late
in Experiment I and relatively early in Bxperiment IT and runs below gll
of the other curves over the terminsl cycles of both experiments.
Roughly speaking one may say that esriy in the series of training trials
the most efTicient use of a given unlt of experimental time ig the pre=-
sentation of a reinforced trial, but that lster in the seguence this
becomes lese true and under some circumstances one may actually gain in
efficiency by replacing some reinforcements with unreinforced test
tfialso

The picture of relative acguigition rates for the wvarious conditions
given by the learning curve anslivses is supplemented by vericus statistics
for errors and trials to criterion in Tables 5, 6, and 7. The statistics
of Table 5 simply show in another way the Tact that when given sized
blocks of reinforcements are interspersed with pairs of test trials
rather than singlie test trials, tThe relative frequency of protocols
containing large numbers of errcrs is substantially increased. The
higher error incidence for Condition 3 over 1 and Condition 4 over 2
shows up even when the date are converted 1o average errorsg per test
trial; this observation suggests & question as to whether, although
learning in the sense of increasing courrect respouss probability certainly
did not occur on test trials, there might have been lesrning in the sense

of an increase in probability of errors whlch nappened to occur.
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Table 5

"The Distribution of the Errors over All Tests, the Total Errors, and the Mean Errors

per Protocol for Each Condition

Experiment T Experiment IT
Cond. 1 Cond. 2 Cond. 3 Cond. 4 Cond. 1 Cond. 2 Cond. 3 Cond. L
No. of Errors over £11 Ts (RT) (RRT) {RTD) (RRTT) (RT} (RRT) (RTT) {RRTT)
freq. freg. freq. freq. freq. freq. freq. freq-
0 16 38 b 2% 3l 95 27 90
1 31, 6l 5 17 89 86 11 25
2 33 43 21 54 6l 42 g1 76
3 37 Lo 12 23 37 21 19 15
i 32 22 Iy 37 14 b 62 30
5 27 13 2% 20 5 1 7 5
6 23 13 32 18 1 1 20 5
T 20 9 15 13 5 0 5 2
8 8 6 25 6 ¢} 0 5 1
9 8 ' 5 T o 0 0 0
10 4 10 11 0 1 1
11 3 9 L o} o 0
1z 8 10 17 1 0 0
13 10 0 2 0
1 8 ¢ 0 0
15 4 0
16 i3 0
17 0
18 0
Total Errors 1054 618 1745 1110 hén 260 g Lpg
No. of Total Ts* 12 8 16 12 14 G 18 14
Meanr Frrors per Subject
Ttem over 811 Ts k.,216 2,478 £.680 4.4bo 1.848 1,080 3,056 1.716
S.D. 2,919 2.060 4,108 3,306 1.550 1.09% 2,103 1.766

¥The numbers of total Ts in Experiment II were determined by the slowest learner among the subjects.




Some evidence on this last point is provided by Table 6 which gives
the frequency distribution of overt errors on the first six test trials

of each condition in Bxperiment ITI.

Table &
Overt Errors on Tl through T6 in Experiment II

Frequency/Protocol Total No. Aversge Overt

of Errors

Condition 1 21 32| L4 | Cvert Errors per Test
1 (RT) 71 31110 80 .0229 )

2 {RRT) 5k 241110 61 L0271

3 (RTT) 98 115 | 1|1 135 . 0300

L (RRTT). 73 111 98 . 0280

However, these data sppear to lend 1little support to such a hypothesis.
The frequencies of overt errors over the first six test trials, in which
gll conditions are equally represented, are about in proportion to the
mean errors per protocol shown for Experiment IT in Table 6. The inci-
dence of repeated overt errors, that is, instances of repetition of the
same overt error by the same subject for a given item, is disproportion-
ately higher for Conditions 3 and 4, but the absolute frequencies of
these repetitions are so small as to be glmost negligible with respect
to theoretical implications. Further, of the 15 occurrences of overt
errors repeated twice in Condition 3, nine occurred within the Tl T2
trials of & single RIT replication ard of the nine similar cases in
Condition 4, six occurred within the T. T. trials of a single RRTT

12

replication.
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In preparing Table 7, the criterion of acquisition was set at four
consecutive correct responses for Experiment I and two consecutive
correct responsges for Experiment TI. With these criteria applied to
individual items in each experiment, dlistributiconsg of trials to the last
error, meah rumber of test trials before the last error and mean number
of reinforecements before the last error were computed. The last named
statistic is perhaps the most informaitive, and bears out the conclusion
from preceding snalyses that the effectiveness of each reinforcement is
greatest when the ratic of reinforcements te tests in 2 given condition

is lowest.

Latency Analyses

The follcwing snalyses are ilimited to BExperiment I, for which
response times flatencies} were recorded. ¥Fig. 3 gives learning curves
in terms of the mesn latency in seconds per trial for correct and
incorrect responses considered separately for each condition. Imtencies
of correct responses were significantly lower than latencies of incorrect
responses throughout the series for all of the four conditions. Iaten-
cieg of correct responses pocled for all conditions started at a mean
of 3.718 sec. (8. D. = .156 sec.) and steadily decreased over trials,
termineting at & mean of 2.662 sec. (8. D. = .02k gee.). The only
significent exceptions to the essentially monctone decrease in mean
correct response latency over trials occur in the early replications

of the RTT sequence of Condition 3 and the RRTT sequence of Condition 4.

In these instances, relaitively sharp decreases from T, to. T2 of &

36



14

Table 7

The Distribution of Trials to the Iast Frror, the Mean Tests before the Last Error

and the Mean Reinforc'ement.s before the Last Error

Experiment I Experiment II
Ho. of Trials Condition 1 | Condition 2 | Conditfon 3 [ Comdition L Condition 1 | Condition 2 | Condition 3 | Condition &
(rT) (RRT) (RTT} (RRTT) (RT) (RRT) (ETT) (RRTT)
0 16 39 b 24 3k 96 27 g1
1
2 51 1 90 8
3 63 22 2 86 a7 g
4 29 &0 63 92
5 3 15
6 33 L] b7 33 39 63
7 13 10
8 2 19 Lg 18 ) 5 36
G 30 39 20 20
10 27 3
11 6 12 7 1
1z 20 20 3 28 3 & & 7
13
1L 22 & I 0
15 19 8 3 2 0 2
16 i5 11 1 2
17 8 0
18 7 1l is 0 1 4
19 S o
20 5 5 13 G 1 ¢
21 11 15 0 1
22 & G’
23 k 7 o 0
2l i5 1k 20 25 1 0 ¢} o]
a3
26 o] ¢]
27 o 0 ¢}
28 0 0
Total Ts 172 660 1882 1232 Le8 26k 768 Lk
No. of Ts per Pair 12 8 16 12 ik g 18 1k
Mean Ts before the
Last Error per Item 4.688 2.676 T.528 L.928 -1.872 1.056 %.072 1.776.
5.D. 3,305 2.320 4,319 3.628 1.601 1.1k4% 2,118 1.7k
Mean Rs before the
Lest Error 4.688 5.352 3,868 5.280 1.872 2.112 1.608 1.884
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given replication were followed by increases in latency on the Tl trial
of the next replication.

Error latencies were uniformly higher on the average than correct
respongse latencies. The curves of incorrect response latencies pooled
for all conditions started out at & slightly higher level, (4.258 sec.,
S. D. = .059 sec.) on the average, than the correct response curves. Then
the curves rose rather steadily until they passed through maximum values
about half way through the learning series; and subsequently'declined to
s terminal mean of 4.293 sec. (8. D. = .069 sec.) which was slightly
higher than the initial wvalue.

It is possible that items were in distinetly different states of
learning in the pre- and posteriterion portions of the trisl series.
Fvidence bearing on this point is presented in Table 8, which includes
mean latencies for pre- and posteriterion portions of the data sepa-
rately for each of the four conditions. The criterion was defined by
the first occurrence of four consecutive correct responses in the proto-
col for a given subject item. The postcriterion trials for each sequence
were renumbered from 1, beginning with the first criterion trial,

Consider first the precriterion latencies. Throughout the four
conditionsg, a rather high degree of constancy over trialg was obsgerved
for both correct and incorrect latencies. The differences between
correct and error latencies were relatively small, with the error
responses having longer latencies for each of the four conditions.

During postcriterion trials, latencies of correct responses revegled
overall a systematically decreasing trend from the beginning to end,

the largest decreases occurring during the first four T +trials, which
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Table 8

Mean Latency for Correct and Error Responses in Experiment I

Section A. Condition 1 Section B. Condition 2
Precriterion Posteriterion Precriterion Posteriterion
Correct Brror Correct Error Correct Error Correct Brror
Trial | L* [N®{ L N { L N L |N {rriall L Ni L N L W L | N
1 4 .83 TiHh.07 227 ;5.86 217 0 0 1 4.9k z1Lh,5% 1208 3.64 | 195 0 0
2 3,65 (14 | 4.69 189 !3.35 217 0 0 2 L.60 9 L4.68 {1391 3.16 | 195 0 0
3 42.86 |1l1|bk.72 116312.98 (217 O |O 5 | 3.68 [12|L.8 | 9312.91 195y O | ©
L 3,99 (21}5.12 {120 2.92 217 0 0 b 3.51 (16| 4.88 59§ 2,77 1195 0 0
5 h.57 12215.10 05 1 2. 74 11931 3.98 |9 5 3,91 814,60 W7 lao.hg [ 1721 3.32 | 3
6 3,80 12215.50 68 (2.6 | 177 | 4.87 3 6 5.16 814,05 2812.53 {141 5.72 | &4
7 3.73 115 15.34 55 i 2.55 | 160 0 |0 7 3, Blg Lih.60 21|27 t100]2.88 1| 2
8 .12 747 b1 12.39 [130|4.14 |3 8 0 O b1k 14 | 2.16 39 0 0
9 .56 815.11 25 | 2.4 | 109 0 0
10 ly.08 71bh.70 19| 2.41 Thl k.52 |2 ||Mean | Lk.Chl L 66h 2,881 i,289
11 7.85 114.48 201 2.15 W7 0 0
12 0 Ol4.21 15 | 2.35 16 0 O
Mean | 4.015 h.735 2.897 4,200
*Latency

**Freguency




h

Section C. Condition 3

Table & (Continued)

Section D.

Condition &

Precriterion Posteriterion Precriterion - Posteriterion
Correct BError Correct Error Correct Error Correct Errcr

Trial L* N T N L N L N || Trial L N L N L N T N !
1 ho13 t101h4.04 (236} 3.67 206 0 0 1 L.09 |25 th.h3 12011 3.83 | 201 C 0
2 .67 5th,52 (2h0 3.5 206 0 0 2 Lk,2s 9th.35 121513.29 | 201 0 o]
3 L.hs 21 | h.77 |202 ]3.05 1206 0 0 3 .28 (21 1Lh.73 1143 3.05 {201 0 o
L 3.97 914,68 211 12.86 206 ¢ 0 I 5.26 7Tih.82 1h3 2.82 (201 0 O
5 h,63 (264,00 1147 ({2.65 1191 (2.75 |3 5 5.07 {16 {4.80 | 86 2.75 (188 4,57 | 2
6 L.55 81L4.88 j146 12,67 1182 15.76 14 6 L.38 814.84 8312.5%5 1185] 3.72 | 2
7 I 4L gt5.22 106 i2.54 1178 0 0 7 h.ei {131L.39 50 | 2.57 11571 3.20 | 2
& L.50 815.08 {101 i2.50 1171l ]2.60 |1 8 5.12 TIho55 ¢ 55 (2.51 148 0 ¢
g L,o7 161 5.45 62 12,38 [1:0]5.848 11 9 L.ooh 113 14.99 § 36 12.39 99 0 ¢
10 3.77 |10 4.96 62 12.37 1133]3.12 12 10 3.6L 7TiLk.75 1 38 2.4 L3161 1
11 5.11 giL4.81 55i2.3 t 96 0 ¢ 11 4.Lu8 3 1h.11 29 12,51 26 0 O
12 2.7h 315.28 53 i2.3h & 77 o 10 | 12 0 O k.22 25 | 2.30 | 24 o | 0o
13 L.91 6| 4.88 38 12,21 . 30 O 0 ' §
b 3L L 31500 | 36§2.28 [ 27 O {0 |[Mean |L.383 .59 | 2.875 3.7341 |
15 3.49 ¢ 514,55 1911.87 | 5 0 10

16 O 01{%4.30 20 | 2.29 | L 0 10

Mezn | k.32l L.752 2.800 | . 206

*Latency

*HFreguency



were the criterion run, in all cases, and both the overall means and the
terminal levels were very similer for all four conditions.

A point of special interest is the pattern of overall means, those
for precriteribn correct and error responses and for postcriterion errors
being clustered at a level of about 4.2 + .5 sec, whereas those for
posteriterion correct regponse are virtually equal (the means for all
four. conditions falling between 2.8 and 2.9 sep.).

The close similarity in form of the posteriterion correct response
curves for all four conditions, despite the differences in R and T
seguences, suggests that the decrease in latencies is a function pri-
marily of correct response occurrences, and may have to do with a pro-
~ gressive increase in response avallability, or retrievability, ralher
than of the férmation of association between stimuli and correct responses.
‘On this hypothesis, the function of an effective reinforcement is to
transfer an item from the initial "unlearned" state, in which correct
response probability is léw, response latency high and relatively
constant, to a "learned" state, in which correct response probability
is near unity and latency systematically decreasing.

An implication of this hypothesis is that there should be close
correspondences between familles of learning curves for the four training

conditions plotted in terms of response freguencies and in terms of
latencies. Relevant evidence is provided by Fig. 4, in which learning
curves for correct and error response latencies are plotted as a func-
tion of the number of reinforcements.

The lower panel of Fig. 4 presents the mean latencies of correct

responses immediately after the ith reinforcement for each of the four

ho
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conditionsg in Experiment I. The principle for plotting the curves wWas
analogous to that of Fig. 1, the construction of which was detailed in
the previous section. It is interesting to note that the overall course
of decreasing latencies of correct responses is very similar to that of
learning curves for error proportions in Fig. 1. In both of these

' figures, the rank order of the curves was Condition 3, Condition 1,
Condition 4, and Condition 2, those of Condition 3 decreasing most
rapidly as a function of number of reinforcements.

The same kind of analysis for the error latencies is shown in the
upper panel of Fig. 4. 3By the 8th reinforcement the number of cases
available for the analyses became very small, and thus later trials are
omitted from the presentation; each of the points shown in the figure
is baged on more than 50 obgervations. The overall trend of the latency
curves of error responses is opposite to-that of the latency curves of
correct responses, all of the curves showing an upward trend uniil at
least the 5th reinforcement. During this stage, the latencies for the
items in Condition 3 were longest, being followed by Conditions 1, b,
and 2 in descending order. The basis for the incresse in error latenciles
as a function of reinforcements is not obvious; concelvably it repre-
sents merely a bias in item selection, the items on which errors still
oceur after seversl reinforcements being on the average the more
difficult.

A similar comparison was undertaken for correct response and error
latencies plotted as a function of total time from the beginning of

training, as in the frequency curves of Fig. 2, but differences among

1l



the curves for the four conditions proved too small and unsystematic to
merit detgiled analysis. |

In order to permit examination of changes ir the latency distri-
butions for each condition during learning, the entire experimental
session wgs divided into four equal blocks (quartiles). Each quartiie
of Conditions 1 and 4 had three T +trials; Condition 2, two T triéls;
and Condition 3, four 7T +trials. Individuasl latencies were tallied
into 20 categories, with a class interval of .50 sec. Fig. 5 presents
the frequency distributions so obtained for correct regponse latencies.
For each condition, a family of empirical functions similar in form to
beta-distributions was genera’c;edo Ag learning progressed all of the
frequency functions became more and more sharply peaked, while in nearly
all instances the modal category remained constant. Irrespective of the
stage of learning most of the correct responses had latencies of 2.00 to
2.50 sec.

A similar analysis was done for the error responses, with the resulis

shown in Fig., 6. The overall pattern of the family of curves is similar

‘for all four conditions. Again the modes remain approximstely constant

throughout lesrning, but with the modal category generally felling at
about 3.00-4.00 sec. Changes in peakedness are just the reverse of those
shown for correct response latencies in Fig. 5. The excess of long
response times in the last latency catégory (9.50 to 10.00 sec.) is
accounted for by a technicsl limitation in the apparatus used. The
Berkeley EPUT timer could not record latencies longer than 10 sec., S0

all responges longer than 10 sec., Were counted as 10 sec. latencies.
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Chapter IV

Theocretical Analyses

One-=Element Model

" A number of purposes can be served by determining, first.of gll, the
.extent to which the present daeta conform to the simple one-element model
for paired-associste lesrning (Bower, 1961; Estes, 1961). Interpreted

in terms of the presgent situation, the assumptions of the model are:

(1) Learning occurs only on R itrials; on each such trial there is a
constant probability ¢ that the correct response will btecome associated
with the stimulus for the given item; once an associstion is formed the
correct response will thereafter occur with a prebability of 1 when the
given stimulus is presented on test trials., {2) For a given set of
conditicns there ig some fixed probabilitj g that a correct response
will occur by guessing on trials prior to learning for a given item; in
Experiment I, the value of g should be expected on a priori grounds to
be equal to one over the number of gdmissible responses, 1l.e.y 1/90, In
Experiment II, since the list of response words was initlally unknown to
the subjects, for all practicel purpcses g éhould be equal to 0. As
in most other spplications of the model, the assumptions concerning
guessing probabilities need somes qualificationsc The assumptions siated
above should be expected to hold only if the subject continued throughout
the experiment to follow the strategy of guessing on unlearned items by

respornding at random from the full sei of possiblile response alternatives.
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In Experiment II, the set of response alternatives was initially unknown
s0 that on The first trisl the guessing probability should be equal to
0; 1if, however, respoense learning, in some sense occurs, beyond the
learning of associstions between stimuli and the correct responses, then
at an intermediate stage in the experiment the subjects may have learned
some of the responses without having assoclated them with the proper
stimuli and thus cn test trials may have probabllity grester than O of
successes by guessing. Further, even in Experiment I, it is possible
that over the course of the experiment, subjects might improve their
guessing strategy as, for example, by geing over to the more efficient
procedure of guessing on unlearned items by choosing responses only fronm
those not belonging to already learned items. Nonetheless, on the early
trials of gn experiment one should expect that the simplest assumptions
concerning gusssing behavior would be recentliy well-approximsied and
thus we make our preliminary assessment of the applicability of the model
by treating only the date of the first two test trials for each
condition;

In Takle G we present for each experiment and each condition the
proportions of instances in which items were correct on both of the Ffirst
two test trials, correct on,the.first and incocrrect on the second,
incorrect on the first and correct on the second, or incorrsct on both,
together with theoretical values Tor thé one-element mcdel. For each
experiment computations of theoretical values have been made under two
assumptions concerning guessing probabilities. In case of Experiment I,
the first set of computations was conducted with g equal to .01,

gssuming that guessing responses were chosen from the full set of
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Table 9
Joint Response Proportions for First Two Test Trials Compasred with

Predictions from One-Element Model

06

Experiment I. Iixperiment IT
Theoretical Observed Theoretical Thebretical Observed Theoretical
g = .01 g = .05 g =0 g = .05

Condition 1

ce .07 .08 . O .1k L .12

CcI . .01 02 L0 .00 0L .02

Ic .16 .16 .20 37 .37 .38

II .76 LTh .72 R Ye] A48 A48
Condition 2

ce <17 .16 .16 RI¥e) .38 Lo

CI Neil .01 .03 .00 .00 .01

Ic .24 .29 .30 . .39 .36 A0

N .58 .5k .51 .19 .26 .19
Condition 3 ,

oc 07 .03 .03 1k a1 .10

CI .01 .0% .05 .00 .02 .OL

IC 0L .01 .05 00 .03 el

IY .91 .93 .87 .86 .8h .82
Condition &

ce .17 L1330 L1h ' Ao .36 .38

oI .01 .07 L0l .00 .08 .03

IC .01 0L .ob .00 Ol .03

1T .81 .79 .78 .58 .52 .56




admissible/alternatives° The second set of computetions was done with g
equal to .05, the value that would obtain if the subjects had learned the
20 regponges belonging to the list and chosen from among these on guessing
trials, In the case of Experiment IL, the two assumpbions used were
g=0 and g = .05, We expect that if the model is applicable, the
observed values should fall between those compubed under the two guessing
assumprtions in each experiment, since one would expect on psychological
grounds that the guessing behavior might be moving from the lower level
toward the higher over thé courge of the first few trials.

The remaining parameter that had to be evaluated for each expériment
wag the conditioning parameter c¢. If the effects of R trials were the
same under all conditions, so also would be the value of ¢ and a single
estimate should serve for ail condifticns of a given experiment. On the
basis of comparisons of learning curves for different conditicns already
discussed, however, we know that the effects of R trials differ under
the different conditions and thus that a common estimate of ¢ could not
be expected to be adequate. Making use of the informatioﬂ)alrea&y
obtained concerning the differerntial effects of reinforcements under the
different conditions, we have estimated three different ¢ values for

each experiment: +he first, c¢,, represents the effect of the first R

1

trial; the second, Cos represents the effect of any later R trial which'
is not preceded by a T +*rialy the third, 055 represents the effect of
any R trial preceded by a T +trial. For Experiment I, the estimatbe

of c., obtained from the pocled data of the first T +trial for Condi-

1

tions 1 and 3; was .07; the value for ¢, obtained from the pooled

2
data of the first ftest trials of Conditions 2 and U4; was .10; and the
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value for c3, obtained from the data of the second test triel of Condi=-
tion 1, was .14. For Experiment II the corresponding estimates were

¢y = .03, Co = .11, and 05 = ,18. Using these estimates, the theoreti=
cal values were computed according Lo the standard procedure described
in, e.g., Atkinson and Estes (1964), or Estes (1961). On the whole, the
agreement between theoretical and observed values is relatively good,

and especially so for the second two rows of each table, having to do
with the probabilities of shifts from incorrect to correct responding
(over an R +trial in Conditions 1 and 2, or over two a&jacent T trials,
in Conditions 3 and 4). The only major dispasrities between theoretical
and observed values occur in the case of the probability that a correct
regponse on & T 3Trial is followed by a correct responge on a subsequent
T +trial in Conditions 3 and 4. In both experiments the retention loss
from the first of two adjacent unreinforced T trials to the next is
greater in the datsa than allowed for by the one~element model.

The results of this analysis, then, would seem to cast no doubt on
the basic assumption of the one~element mcdel that the scquisition of
correct associztions occurs on essgentially an all-gr-nore bgsis on
igdividual R trials, but with the effect of an R <trial depending on
the type of seguence in which it is imbedded, and in particular, an R
trial being more effective if it follows a T +trial. The perfect
retention implied by the model is not observed; however, especially
following a block of two adjacent R trials. A fully adequate model
will evidently have to provide for discontinuous acquisition of correct
regponges, but imperfect retention, with the degree of retention of the

effects of an effective learning trial depending upon the type of seguence.
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According to the one-—element model, the basic learning curves
plotted in terms of error probability on the first T following each

guccessive R trial should be deseribed by functicons of the form

where a, denotes probability of an error fcollowing the nth R trial,

and A and X are constants. If the conditioning parameter c¢; repre-
senting the effect of an R, were congtant throughout the series; then
the parameter X; in Equabtion 1 would equal 1 - ¢ and A would equal
qo(l - c), where 4 is the error probability pricr to the first R
trial. However, we know on the basis of analyses discussed sbove that
the effect of an R increases over the learning series in our situation,
with the largest change oceurring frOm,thé Tirst to the second R under
each condition. Nonethelegs, 1f the conditioning parameter does nou
change greatly subsequent to the second B, a function of the foxm of
Equation 1 should describe the learning curve for esch condition. Letting
¢y denote the conditioning parameter on the first R trial, 02 the
conditioning parameter on the second and gubseguent R trials, and g
the probebility of a correct response by guessing on unlearned items,

Equation 1 becomes

_ 9 o o N1 o . sl
g, = (1 - gL~ e )1~ ei

E

where n = 1, 2, ... Tor Conditions I and %, and n =2, 4; ... for

Conditions 2 and 4.
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With this interpretation in mind, the values of A and X in
Equation 1 were determined by least~squares for sach of the empirical
learning curves of Fig. 1, and the corresponding empirical and theoreti-
cal values are compared for each condition of Experiments I and IT in
Fig. 7 and Fig. 8, respectively.

We take the close agreement of theoretleal and cbserved values o
gupport the general family of models which sssume a constant learning
effect {cr constant learning probability) on R trials and no learning
on T +trials. Within this family, special support cannot be claimed
for the one-element medel over, for example, the linegr model or various
stimulus sampling models, all of which entail learning functions of thé
form of Eguation 1. Thus the next step in a thecretical analysis is to
determine which, if any, of these models can provide a rational inter-
pretation of the differences in.values of learning rate parameters

{i.e., X wvalues in Fig. 7 and Fig. 8) over the four conditions.

Stimulus Fluetuabion Model

Of the extant models which can accommodate the forms of the learning
curves, the obvious candidate for more detailed examination is the
stimuilus . fluctuation model (Estes, 1955a, 19551))o On s priori grounds,
it is clear that this model can account, at least gualitatively, for
many of the empirical relationships that have emerged from cur data.

The principal assumptions of the fluctuation model, interpreted

in terms of the present experimental situation, are as follows:
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1. The stimulus member of each item, Together with the context in
which it sceurs, comprises a set of stimulus elements, or cues,
N* in number.

2. At any time some of these cues are in an active state, i.e., can
be sampled by the subject if the item is presented, while the
remainder are inactive.

3. Transitions between the active and inactive states cccur randomly
over time, there being some constant probability of a transition
during any short interval of time 4O,

L, At any time, any given cue may be associsted with {"conditioned
to") the correct response, some specific incorrsct response, or
reither.

5. On each R trigl, there is some fixed probability c  that all
cues in the sample will be conditioned to the correct response.
On T trials, no changes in state of conditicning occur.

6. Probability of a correct response o any T irisl 1s equal to
the proportion of cues in the sample thait are conditioned to
the correct response.

It is easily seen that the observed pattern of joint response pro-

portions over the T +rials of an RIT or BRTT sequence (Table 9) is

directly implied by the model. The expected proportion of shifts from

incorrect en T, to correct cn T2 ig very small,; since nearly all

i

instances of incorrect response on T. will be casges in which learning

s

failed to occur on the preceding R 4rials (as in the cne~element model) .

However, the retention loss from T, to T, for items with correct

responses on T

1 T2

. should be gomevwhat greater tThan zllowed for by the one-
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element model, for conditioned élements in the sampie on Tl may become
unavailable for sampling on T2 as a conseguence of the random fluctua-
tion process.

Similarly, the principal differences in rates of learning under the
four conditions are readily interpretable in terms of the fluctuation
medel. BSince the occurrence of T +rials involves time, the occurrences
o two succéssive R trials separated by & T <Trial in Condition 1 are,
on the average, separated by a longer time interval than two successivé
Rs with no infervening T in Condition 2. The longer the intervsal
between two R trials, the grester is the opportunity for cues unavail-
able for sampling on the Tirst oeccasion to become available on the second.
Thus, cther things egual, the greater the temporal spacing between R
trials, the greater will be the average number of cues newly'donditioned
rer reinforcement. From this consideration, one couid predict a priori
that, on the average, R trials would be relatively most effective in
Condition 3 and least effective in Condition 2. To predict the complete
ordering cf the learning curves, however, we shall have to derive the
appropriste theoretical functicns.

Our notation will largely follow that of Estes (19552, 1955b)--

p.o= 1 = 9, ¢ probability of a correct response on the first T

n
after the nth R

F_: probability that any one cue ig conditicned to the
correct response after the ntt R {with Fy = &

where g 1is, again, the guessing probability)
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J = = : proportion of cues in the active state (assumed, for
gimplicity, to be the same for all items and constant

over trials)

a : parameter representing rate of interchange of cues

between the active and inactive states.

Although the time between occurrences of an iteﬁ on successive cycles
must vary owing to variations in the order of item presentation, and
variations in response times on T trials, we shall simplify our deriva-
tions by utilizing a single, average interval tT. This quantity will be

treated as a constant when we have occasion to use the two basic theorems

and f%=J+(l=J’)at;

where ft and f% dencte the probabilities that a cue in the inactive
or active state, respectively, during presentation of an item on one
eyele is active at the time of presentation of that item on the next
cycle (Estes, 1955a; 1955b)-

Now, to obtain the learning function Tor Condition 1; we proceed as
follows.

Firgtly, we require the probgbility that any cue ig conditioned to

the correct response after n R-occurrences. By the assumptions given

. above,
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o
It

Cl“’J}g‘*’J;»

~ 2%
F, = F, + J(1 - a”"¥}{1 - Fl)

li

1~ {1 - I - g)[1 =~ i1~ agt)} s

and, by induction

Fo=1-(L-3)(1-gll-J- N (2)

In deriving Equaticn 2, we have set the conditioning parameter ¢ egual
to unity; also, we have assumed thaf the parameter J applies from the
very first trial, dlthough in the general theory the proportion of cues
in the active state on the first trial would be only cof the order of
J(1 - at/g)o The increése in expected proportion of active cues over the
early trials which is implied by the model may serve to account for the
obsefved increase in effectiveness of R +trials over the first few trial
cycleg in both experiments. |

With the simplifications just menticned, Fi is simply the proba-
bility g that the given cue was initially (by "chance”).associated with
the correct response plus the probability (1 - g)J that the cue was
initially unassociated but was available for sampling on the first R
trial. The expression for F2 is obtained similarly, the factor
J(1 - agt) being the probability that a cue inactive on the Tirst R

trial would be active on the second (the interval being 2t since a

T trial intervenes).
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Now, the proportions of conditicned cues available for sampling on
the T following the nth R trial will be l/N times the expected
number of cues carried over from the R trial, N[J + {1 - J)at], plus
1/N times the expected number of conditioned cues which were inactive

on the R trial but became active by the time of the T Lrial,

(N*Fn - N)J(1 - at), thus

=]
Il

2 N(T + (1= Da’) + (T - W1 - &)

li

1~(1ﬂﬁxl_FQ

1= (1-a"1 -3 -ell-J01-a"1"t, (3)

The function for Condition % is derivable in exactly the same fashion,
and differs only in that the interval between R occurrences is 3t,

s6 that the term (1 - aEt) is replaced by {1 - aBt),

= l-(1ea) (- 1-gll- () ()

It might be remarked at this point that the curve for probability of a
correct response on the second T following each R 1in Condition 3
differs from that of Equabion 4 only in the replacement of the factor

(1-a" by (1L-a"")

« Thus it is predicted that this curve should be
displaced slightly below that of Eguation 4 on early trials, but should
converge to 1t on later triais. This prediction seems tc be nicely borne
out by the data of Ixperiment I, bubt the difference between Tl and TE

trials early in learning does not appear in Experiment II (Table 2).



Similar derivations yield for Conditions 2 and 4, respectively,

n-2
L-(1-eM- @l - 31 - a0 - 21-aNTE, (5)

3
It

and

n=2
1-(1-a"1-g)l{l-302-ea)1-301-a)0% . (6)

3
Il

Now, using Equations 3 = 6, we can express the parameter X of

Equation 1 in terms of parameters of the fluctuation model--

Condition 1: X

1= J{z - agt)
1

Condition 2: X = {(1 - J{1 - azt)}{l w J(1 =~ at)}}E

If

Condition 3: X =1 - J{1 - a5t}
1

Condition 4: X = [{1 - J( - aBﬁ)}{l -~ J(1 ~ at)}lg .

On the assumption that the parameters a and J are constant over
conditions within an experiment, one can eagily prove the general set

of inegualities

where the subscripts denote conditions; strict ineQualities obtain except
for the degenerste cases when t =90 or when a or J egual O or
1. Reference to Fig. 7 and Fig. & shows that the predicted ordering of

slope parameters is borne out exactly in both experiments.
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For a still more rigorous test of the medel, we can estimate a
and J from some of X +values debermined by least-squares and compute
nunericgl predictions of the remaining X's. Uging the values from the

fitted curves of Conditions 1 and 3 in Experiment I, we get

- J(1 - a2t) = LT9L

and 1 -J(L - & JTh2

1l

Bt)
Solving these numerically, we obtalin the estimates

a = .615
J = .336 ,

from which, in turn, we compute the predicted values

X, = 2791
X, = .830
Xy = 2Th2
X, = -804,

corresponding to the least-squares estimates of .791, .824, .742, and
.811, respectively, a result which leaves little to be desired.

Following the same procedure for Experiment I1, we obtain estimstes

T
a

)

193

J = 617

Al
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and predicted values

X, = +535
X2 = 605
Ly = 157
X, = 560 ,

corresponding to least-squares estimates of .533, 646, U457, and .598,
respectively.

The initial value parameter; A, in Bquation 1 involves rather
complex combinations of the model parameters, and owing to the uncertainty
concerning the value of g (discussed azbove in connection with Table G)
and changes in parameters over the first couple of trisls, we have not
attempted to predict numerical values of A across conditiong. Simply
from inspection of Equations 3 - 6, however, it is clear that the values
of A should be equal for Conditions 1 and % and for Conditions 2 and 4
within each experiment, the common value for Conditions 2 and It being
the smaller. These predicted relstionships are quite well approximated
in the least-sguares estimates for both experiments=-- Experiment T:

A= .945, .82k, .999, .817, for Conditions 1, 2, 3, and 4, respectively;
Experiment II: A = .863, .613, .891, .563.

| Ir principie the fluctuation model could also be gpplied to the
joint responsge proportions for Tl and sz as done for the one-element
model in Table 9. However, the theoretical expressions implied by the
general form of the model prove too complex to make such an analysis

attractive. As a substitute measure; we have utilized a simpler variant
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of the model developed by Atkinson and Estes (1964, pp. 219-223) for
this situation. This special case assumes a set of only two cues
agssoclated with the stimulus member of an item. Exactly one of these
cues 1s sampled on any trisl; and the fiuctuation process is such that
the cue sampled on one trial is replaced by the other cue on the next
trial with some constant probebility J.

To aveid having to deal with the excessive number of free parameters
reguired to allow for changing effectiveness of R occecurrences over
early trials, we used for this analysis the Jjoint response proportions
over pairs of successive Ts Tor data pooled over sl replications of
the basic sequence (RTRT, RRTRRT, RTT, or RRTT) after the second in
Experiment I and all replications after the first in Experiment II. The
three free parameters of the special case of the model (the guessing
probability, g; the conditioning parameter, c¢j3; and the exchange param-
eter, J) were estimated siﬁultaneously for all four conditions of each
experiment by a minimum X2 procedure. Using the three parameter esti-
mates, theoretical vslues for the Joint response proportions were com-
puted,; following the method illustrated by Atkingon and Estes (196l
ppn 221-222}, with the result shown in Table 10. The agreement of theo-
retical and observed values is rather cleose for Experiment I, the X2 of
i5°54 not approaching significance for ¢ df. For Experiment IT the it
is less satisfactory, the X*  of 30.22 being significant at the .01

level,
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Table 10

The Two=Element Fluctuation Model vs. Joint Response Proportions

.fTor Data Poocled over Replications

Bxperiment I Experiment IT
Observed Predicted Cbserved Predicted
Condition 1
o oho . L.p15 97 67
oT 077 070 0k5 -0l
Ic 206 206 239 .250
IT ATh <510 .219 235
Condition 2
oo » 37 o 37 600 . 687
oI .028 083 057 Mo
Ic - 260 <252 257 .202
II « 361 .318 086 LO77
Condition 3 |
cc <241 213 .506 Jh2
CI 063 Neral LOL7 073
IC .05% 055 OTT 065
IT Bl2 661 ~401 R¥=Te)
Condition L
(ols: -282 . 358 e E71
CI 082 072 L0353 .09
I .053 et 065 037
IT . 584 520 .288 Lohp
g = .075 g = <133
j = .08k = 021
¢ = .247 ¢ = o450
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Discugsion

With regard to learning on test trisls, in the senge of gystematic
changes in correct response probability, our results are essentially
negative, There were no significant increases in frequency cf correct
responding over pairs of adjacent T <trials without intervening Rs, and
there were only smgll and transient retention losses over such pairs
(these being limited to the early trials of Experiment I).

On the whole, these results are in accord with those of numerous
gtudies involving only one or two replications of variocus B-T sequences
{"miniature experiments"). A study by BEstes, Hopkins, and Crothers (1960,
Experiment II) exhibited rather striking constancy of correct response
proportions over successive unreinforced tests in RIT, RTTTT, and RRTTT
sequences. In the case of several experiments reported by Jones (1962),
our computation of correct response proportions from the published data
yield values of .53 and .48 for the two tests of an RTT sequence
(Experiment I), 48, .4h, L&, .44, and .55, .57, .56, .50 for the four

tests of RTTTT sequences (Experiments IT and IXI). In the case of two
replications of an RIT sequence reported by Eimas and Zeamsn (1963),
proportions correct (read from their Figure 1) are .57 and .56, .76 and
.73 for the two pairs of tests. In Seidel’s {1963) investigation of
test response as a function of number of reinforcements, proportions
correct on TT pairs were .39 and .42, .57 and .60, .71 and .72, .74 and
.78, .72 and .77, following 1, 2, 3, 4, or 5 Rs in Experiment I; .39
and .38, .57 and .58 following 1L and 2 Rs in Experiment II.

A design used by Neimark (1963a) is similar to Condition 3 of the

present study in that her subjects learned 5 pairs of items to a criterion
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of one perfect trial over a series of repeated RTT sequences. For the
present purpose her Teble 1 (p. 6) is reconstructed. Three replications
of the RTT seguence are avallsble for Groups A; B, and C, The proportions
correct on Tl .and T2 for these three replicationg for Group A were
.36, .30; .52, .56; snd ,82, .82, The corresponding values for Group B
were .48, .42; .70, .T4; and .88, .7Th. For Group C the proportions were
L0, .36; .62, 6hs and .70, .T2. There do not seem to be dny signifi-
cant differences within the pairs_of Ts., Another study by Neimark
{196%b), however, showed some decrease in proportion correct (P(C))
from T, to T,. The P{Cj's of the first two Ts of the RITTTTT
sequences for three different groups vere .32, .24k; .oh, 563 and .64,
.58 (reconstructad from Tsble 1, Neimark, 1963b). Unfortunately a
sigﬁificant test for thege pairs is not availsble. An experiment by
Estes, Hopkins, and Crothers {1960, Experiment I} involving single
replications of RIT and ERTT sequences did yield a significent decrease
in proportion correct from the first to the second tesgts.

Studies reporting incresses iﬁ correct response probability over
successive unreinfofced tests have all involved designs or procedures
differing in msjor respects.fr@m those surmerized above., Landaver (1962),
for example, reported a significent increagse from the first to the second
of & pair of tests;rhowevery in landeuer's study, there was an unrein-
‘forced recognition itask between the twc tests, on which the subject was
provided all the responses.except thoge correct on .Tl from which to |
choose his answers. Peak and Deese {1637), Richardson (1958, 1960),

Goss, Morgsn, and Golin (1959}, and Goss, Nodine, Gregory, Taub, and

Kennedy (1962) have all been primsrily inberesbed in the function of
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extinction trials given after subjects reached a criterion of paired-
assocliate acquisition under an anticipation procedure, The common result
is that the drop in level of correct responding which almost inevitgbly
occurs after & criterion run is followed by some recovery over & subse~
guent series of unreinforced tests.

Artifacts asscciated with scquisition eriteris were avoided in the
recent investigation by Butler and Peterson (1965). Over a block of 30
test trials given following 10, 20, or 30 anticipation trials with a six
item list of CCC pairs, the proportion of correct responses increased
significantly. However, sgo also did the proporiion of overt errors; and
the increase in correct responding wag shown to be primarily a matter of
an incregsging tendency to repegt previously correct responses.

Tt is of special interest to note that in Butler and Peterson's
study the durstion of a recall test, whether given as the first phase
of an anticipation trial or as an "extinction"” trial, was only 2 sec.,
whereas in Experiment I of the present study subjects had unlimited time
to respond on tegts, and in Experiment II the duration of & test trial
was 5 sec. In the present Fxperiment I, latencies of correct responses
were observed to decrease appreciably over a series of posteriterion
trials. Thus the possibiiity i1s suggested that once an association has
formed between the stimuius and response members of an item, so that the
subject recognizes the appropriate pairing, latency of the correct recall
response decreases over successive tests. If the duration of a test
trial is such as to be exceeded by many response latencies early in the
series (which would be the case with a 2 sec. durabion), then decreasing

latencies over a gequence of tegsts will necessarily be accompanied by an
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increase in the relstive frequency of recorded correct responses. How- ;ﬂ
gver, when the durstion of a test trisl is greatser than all or nearly
all of the initisl latencies; decreases in correct response latency
entail no concomitant change in freguency measures.
On the whole it seems reascnable To conclude that learning, in the
sense of a systemstic iuncrsase in correct response probability, does
" not oceur on unreinforced test triasls except under special clrcumstances.
Substantial effectsz of this type evidently occur oniy when training on
g list of items.is discontinued after assoclative lesrning has cccurred
but before response latencies have spprceched assymptotic levels; and
then only if the time allowed for responding on best trials 1s relatively
short. When test trisls are imbedded in more compiex Lraining programs,
there appear Lo be no appreciable increases in correct response proba=-
billty over successive tests which occur without intervening reinforced
trigls. Neither, under these conditions, does there seem to Te any
substantisl evidenée of leerning in the sense of increased sterectypy
- of whatever responsaé happen to occur on test trials.
By all odds the most significant result, both prectically and
theoretically, of the present study is the clear demonstration that
interspersed test trials in gsome manner potentiste the effects of rein}
forced trialsg. Silnce the cordering of the four R-T conditions with
fespect to various performance measurss in both experiments is well
interpreted by the fluctuation model, we are inclined teo conclude that ?g
the function of interspersed T +trials is primerily to modify the | {
probabilities that variocus ccmpcnepts, or aspects, of a stimuius will |

be sempled on R trialsa_
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According to the stimulus fluctuation model, the interposi%ion of
T +trials could produce such effects simply by virtue of the increased
temporal spacing of the R +trials (Estes, 1955b). On the assumption
that cues {or; more accurately, the subject's dispositions to perceive,
or sample, particular cues) fluctuste between active and inactive states
over time, increased time intervais between R <trials provide increased
opportunities for conditioning of new cues. Within the design of the
present study, it is not possible to separate sharply the effects of
the increased temporal spacing of R trials entalied by intervening Ts
from the effects, if any, of processeé or activities cccurring on the
T trials.

In view of the excellent quantitative account of the learning rates
in Experiment I by the fluctustion model; it seems reasonable to assume
that the function of T +trials in thet situation was frimarily to
modify the spacing of R trials. However, in Experiment IT there were
some apﬁreciable guantitative deviatiows from the pattern of parameter
values implied by the model. Considering alsc the inecreased opportunities
for such activity as rehearsal of correct responses resulﬁing from the
substitution of spoken words for key-presses as responses, we are led
to surmige that under the conditions of Experiment II, T trials pro-
vide opportunity for activities (as, for exempie, searching for mnemonic
aids) which modify stimulus sempling probabilities in other ways than
those expected simply as & function of time. Thus, although the manner
in which T +trials influence the course of paired-asscclate acquisition
has been clarified by this study, full understanding of the mechanisms

Involved will require further experimental analysis.
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Appendix

Error PrOportions after the i-th Reinforcement in Conditions 1 and 2

By [Ba [ By | Ry (B R | By | By | Bo By By | Bp H Bygy By 1 By { Byg
Experiment T
Condition 1 (RT) |.908 1.756 |.652(.480 {.380 |.280 |.224 |.168 |.108 1.088 {.096 |.076
Condition 2 (RRT) 832 .556 LBT2 236 -188 116 . 100 072
| Experiment II
Condition 1 (RT) | .852[.496 |.2241.120 |.C56 |.0%6 |. 032 |.012].008 |.00k {00k |.COL
Condition 2 (RRT) 612 260 <10k No? 016 . Q04 . Q00 -000




References

Atkinson, R. C. & Crothers; E. J. A compariscn of paired-associate
learning models having different acquisition and retention axioms.

J. math. Psychol., 196k, 1, 285-%15,

Atkinson, R. C. & Estes, W. K. Stimulus sampling theory. In R. D. Luce,

R. R. Bush, & E. Galanbter (Eds.) Handbock of mathematical psychology.

Vol. 2,, New York: Wiley, 1963, 121-268.
Bower, G. H. Application of & model 0 paired-associate learning.

Psychometrika, 1961, 26, 255-280.

Bower, G. H. An association model for response and training variables

in paired-associate learning. Psychol. Rev., 1962, ég, 2573,

Butler, D. C. & Peterson, D. E. Learning during "extinction" with

associates. J. verb. Learn. verb. Behav., 1965, L, 103-106.

Eimas; P. D. & Zeaman, D. Response speed changes in an Estes’ paired-

associate "miniature" experiment. J. wverb. Learn. verb. Behav.,

1963, 1, 38L-388,
Estes, W. K. Statistical theory of spontaneous recovery and regression.

Psychol. Rev., 1955, 62, 145-15k, (a}

Estes, W. K. ©Btatistical theory of distributiconal phenomena in learning.

Psychol. Rev., 1955, 62, 369-377. (b}

Estes; W. K. Learning theory and the new "mental chemigtry."” Psychdle

Rev., 1960, 67, 207-223,

73



4

Estes, W, K. New developmenis in statistical behavior theory: differ-

entisl tests of axioms for associative learning. Psychometrika,

1961, 26, 73-8k.
Estes, W. K. All-or-none processes in learning and retention. Amer. ??

Psychologist, 1964, 19, 16«25.

Estes, W. K., Hopkins, B. L. & Crothers; E. J. All-or-none and conserva-
tion effects in the learning and retention of paired associates.

J. exp. Psychol., 1960, 60, 329-339.

Figher, R. A. & Yates, F. tatistical tables for biclogical, sgricuifural

and medical research. Sixth ed. Wew York: Hafner Publishing

Company Tnc. 1963. _ B
Goss, A. E., Morgan, C. H. & Golin, 8. J. Paired~associates learning as
a function of percentage of occurrence of response members

(reinforcement). J. exp. Psychol., 1955, 57, 96-10k.

Goss, A. E., Nodine, C. F., Gregory, B. W., Taub, H. A. & Kennedy, K. E.

Psychol. monogr., 1962, 76, 12, Whole no. 531,

Jones, J. E. All-or-none versus incremental learning. Psychol. Rev.,

1962, 69, 156-160.

Landaver, T. K. Two states of paired-associate learning. Psychol. Rep.;

1962, 11, 387-389.

Neimark, E. D. Further examination of the learning of test items.  Pre-
.pared under contract no. MH 08034 from the National Ingtitutes
of Health. 1963, Report no. 1.

Neimark, E. D. Further examination of response changes over repeated

test trials. Prepsred under contract no. MH 08034 from the National

o . e e
PR LR

. 3 SRR L B R ‘
‘Institutes of HealthH, 196@, Report nc. 2. .~ L ‘

R

T




Noble, C. E. Measurements of association value (a), rated associations
(a'), and scaled meaningfulmness {m') for the 2100 CVC combinations

of the English alphebet. Psychol. Rep., 1961, 8, 487-521,

Peak, H. & Deese, L. Experimental extinction of verbal material. J. exp.
Psychol., 1937, 20, 2kk-261.
Postman, L. J. One-trial learning. In C. N. Cofer & B. S. Musgrave

(Eds.) Verbal behavior and learning: problems and processes. New

York: McGraw-Hill, 1963, 295-321,
Richardson; J. The relationship of stimuius similarity and number of

responses. J. exp. Psychol., 1958, 56, 478-L8k.

¥
Richardson, J. Association among stimuli and the learning of wverbal

concept lists. J. exp. Psychol,, 1960, 60, 290-298.

Seidel, R. J. RIT paradigm: mno panacea for theories of associative

learning. Psychol. Rev., 1963, 70, 565-572.

Thorndike-Lorge. The teacher's word book of 30,000 words. New York:

Bureau of Publications, Teachers College, Columbia University, 194L,

75






UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified)

1. ORIGINATIN G ACTIVITY (Corporate author) 2a. REPQRT SECURITY C LASSIFICATION

Stanfcrd University INCLASSTEIED
{Institute Por Mathematical Studies in the Social Y

Sciences, Stanford, Califcraia 94305

3. REPQRT TITLE

Reinforcement-Test Seguences in Paired-Associate Learning

4. DESCRIPTIVE NOTES (Tyvpe of report and inclusive dates)
Technical Report, August, 1965

5. AUTHOR(S) (Last name, first name, initial}
Izawa, Chizuko and Estes, William K.

6: REPORT DATE Fa. TOTAL NO. OF PAGES 7h. NO. OF REFS

Avgust 1, 1965 75 26
Ba CONTRACT OR GRANT NO. d9a. ORIGINATOR'S REFORT NUMBER(S)
Nonr-225(7%) Technical Report Ko. 76
b, PROJECT NO.
N R 154 218
1 c 8b. OTHER REPORT NO(S) (Any othet numbers that may be avsigned
thig report)
d.
10. AVAILABILITY/LIMITATION NOTICES
No limitations on dissemination
11. SUPPLEMENTARY MOTES {2. SPONSORING MILITARY ACTIVITY

Cffice of Naval Regearch
Peygonnel and Training Branch, Code 458
Washington, D. C. 20360 '

13. ABSTRACT

Learning of paired-asscciate items was studied in relation to different repeti-
tive sequences of reinforced {R) trials and test {T} triasls. One purpcse was to cb-
tain evidence as to whether either learning oy forgebting ccecurs on unreinforced T
trisls; -a second was to adduce principles bearing on the problem of optimal program-
ming of R and T trials. The four training conditions were: (1} RTRT ...g {2}
RRTRRT .4o; §3) RTTRTT ,..: (4) RRTTRRETT ... . Five items were
assigned to each condition and the sequences were repeated till a criterion of
flearning was reached. Two groups of 50 subjects were runi one with nonsense
syllable=number pairs and one with nonsenge gyliable-word pairs.

Performance on tests given successively without inftervening reinforcement show-
ed no significant change in correct response probability--suggesting that neither
learning nor forgetting occurred cn T trizls per se. The course of learning was,
however, affected to & major extent by the ratio of Ts to Rs and by their arrange-
ment Iin the varicus repetitive seguences. ILesrning curves plotted iu terms of error
proportion on the first T following the nbhR R trial lined up in the order: Condi-
tion 3 (lowest), 1, &, 2. Thus, some process of importance to the course of acguisi
tion clearly occurs on test trials, and results In increased effectiveness of subge~
guent R trials. When acquisition is considered in relatiocn to the total amount of
Jexperimental time, the conditicns with highest densities of R trialg are most effi-
cient on early trials, but this relation tends to reverse on later trials, and over
all Condition 1 {RTRT...} appears o be nearly optimsl.
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