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Abstract

Learning of paired-associate items was studied in relation to differ

ent repetitive sequences of reinforced (R) trials and test (T) trials,

One purpose was to obtain evidence as to whether either learning or for

getting occurs on unreinforced T trials; a second was to adduce prin

ciples bearing on the problem of optimal programming of Rand T trials,

The general design shared by the two experiments conducted may be

summarized as follows:

Cycle

R R 'Ii T R R T T 0000000000000000'>000000.0

12345678900"OOQOOOOOOOOOOOOOOOO

R T R T 0000000000000000000000000"000000

Condition

1

2

3

4

RRTRRT

RTTRTT

00""""""" Q""",, <>" 0 Q""""""""""

000000000000",,00000000000000

Each of these R - T sequences was repeated until a criterion was

reached--in Experiment I, 24 cycles, and in Experiment II, two consecutive

perfect performances on all pairs, Each cycle consisted in presentation

of the entire list of 20 items in a random order,

Subjects were 100 college students, 50 in each experiment, The list

for Experiment I had nonsense syllables as stimuli and two-digit numbers

as response members; the list for Experiment II had the same stimuli with

common nouns as response members, In each list, five items were assigned
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ing the

to each of the four conditions, Reinforced trials were paired presenta-

tions of stimulus and response members, Test trials were presentations

of stimulus members alone; the subject was instructed to attempt to recall

the response, but no information was given concerning correctness of the

responsec

Performance on Ts given successively without intervening reinforce-

ment showed no significant change in correct response probability--

suggesting that neither learning nor forgetting occurred on T trials

per se, The course of learning was, however, affected to a major extent

by the ratio of Ts to Rs and by their arrangement in the various

repetitive sequences. Learning 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 trials, and results in

increased effectiveness of subsequent R trials, When acquisition is

considered in relation to the total amount of experimental time, the

conditions with highest densities of R 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 those

of incorrect responses. Overall mean latencies for precriterion correct

and error responses and for postcriterion errors clustered at a level of

4.2 ± .5 sec., whereas mean latencies for postcriterion correct responses

all fell between 2,8 and 2.9 sec. Considering the first response follow

th
n 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 cur~es for correct response latency,

The frequency distributions of latencies for correct and for incorrect

responses at different stages of learning generated families of empirical

functions similar to beta~distributions, with virtually equal modes for

all conditions,

Analyses of the frequency data in terms of stimulus sampling models

indicated that initial acquisition of correct responses proceeded in

essentially the manner prescribed by a one-element, all~or~none model, but

that under some conditions retention losses were significantly greater

than allowed for by a one-element process, A stimulus fluctuation model

provided a relatively good account of acquisition and retention phenomena

and a rational interpretation of the different rates of learning under

the different R - T sequences, The tentative conclusion from this anal~

ysis is that interspersing R trials with T trials increases the

probability that components, or aspect~of a stimulus which have not been

conditioned to the correct response on the earlier R trials of a series

will be sampled and thus have opportunities to be conditioned on later

R trials, Whether T trials simply allow time for stimulus fluctuation

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

stimulus resalllpling remains a question for further analysis,
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Chapter I

Introduction

The purposes of this study were two-fold: to generate new evidence

concerning theoretical issues having to dD with the role of reinforce-

ment and test behavior in paired-associate learning, and to explore

different types of reinforcement-test se~uences in the hope of making

progress toward principles of optimal programming.

It is generally assumed that learning of paired-associate items

depends upon two major factors: the subject's behavior in test phases,

that is, active attempts at recall of correct responses together with

observation of rewarding or punishing conse~uences, and the presentation

of information by the experimenter. In the standard anti.cipation pro-

cedure, which has been used in the vast majority of paired-associate

experiments, these two aspects are confounded. Each trial begins with

a presentation of the stimulus member of a pair alone, to which the

subject attempts 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 trial, 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 06154-040
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and the paired-presentation of stimulus and response members, henceforth

denoted R, for "reinforcement" (Estes, 1960) 0 It is clear that learning

in the sense of increases in probability of the correct response occurs

on R presentations; 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, Hopkin~and Crothers, 1960;

Postman, 1963). The first objective of the present study is to gain

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 is imbedded.

To permit experimental examination of the functions of the Rand

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; Estes, Hopkins, and Crothers,

1960). 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 in various types of

sequences.
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There are theoretical and empirical bases for at least the following

three alternative assumptions regarding the functions of test trials in

paired-associate learning: (1) test trials are neutral; (2) forgetting

of correct responses, learning of incorrect responses, or learning of

correct responses occurs during test trials; (3) no systematic changes

in response probability occur on test trials, but the ad..'11inistration of

test trials modifies the effects of subseQuent reinforced trials,

Some evidence in the literature bears upon at least the first two

of the three assumptions concerning test 't.rials", However, the relevance

of some studies becomes clear only when one reanalyzes data gathered for

other purposes,

The first alternative, the neutrality ass'wrrption, implies that

nothing is occurring during test trials in terms of the probability of

correct responses to be learned, That is, if the subject is given more

than one T trial in succession without intervening Rs, his performance

should not change significantly over the successive T erials, This

neutrality assumption seems to be supported by the data collected in

miniature experiments by Estes, Hopkins, and Crothers (Experiment II,

1960), Jones (Experiment II, 1962), Eimas 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 two to four T trials,

No changes in response probability were found over the successive Ts,

Thus, these studies provide information about test trials at very early

stages of learning 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 trials in a block of 5 to 16 T

trials given after the subject attained a learning criterion of 87.5% to

100% correct performance on a single run through the list.

Regarding the second assumption, consider a block of T trials

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 trials forgetting 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 RTT experiment reported by Estes, Hopkins, and

Crothers (Experiment I, 1960), yielding fewer correct responses on the

second T trial than on the first T trial.

There also is evidence that an increase in the probability of

correct responses over test trials may occur 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 the two tests. Peak and Deese (1937), Richardson (1960), Goss,

Nodine, Gregory, Taub, and Kennedy (1962), and Butler and Peterson

(1965) all showed significant growth in correct responses over a block

of 5 to 52 T trials 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 test trials after acquisition was lower than the

probability of correct responses at the end of the acquisition period.
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An unpublished study by Estes (1963) bears on the third assumption.

He made up a learning list consisting of paired~associateswith nonsense

syllables as stimuli and digits as responses. In one condition, the

subjects learned the list by an R T R T R T ••• method (analogous to

the conventional anticipation method). In the other conditions the sub-

jects learned by the R
l

R2 R
3

number, the maximum being 40.

R T method, when n
n

The results were clearcut:

is some whole

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

R R R ••• 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

a major factor in practical and educational applications, especially in

the area of foreign language learning. That is, "Are tests necessary?",

and if so, "How often in order to produce 100% correct performance in

the most economical and effective way?"

On the basis of our survey of the relevant literature, we planned

the present study under the working hypothesis that T trials are

essentially neutral with respect to systematic changes in response proba-

bility on these trials per se. Our tentative conclusion was that the

retention loss over two adjacent test trials observed in some studies

may simply be a spontaneous regression effect (Estes, 1955a) 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.
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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 series of training trials to a uniform

test serieso To check further on these conclusions, and also to obtain

evidence concerning the possible potentiating effects of T trials upon

subsequent R occurrences, we arranged to run rather lengthy series of

replications of several basic sequences of Bs and T so As will

become apparent in later sections, the sequences were chosen so as to

provide for tests of the effects of B trials which are or are not

preceded by other B trials or by T trials, and for the assessment

of changes in response probability over T trials without intervening

reinforcement at various stages of learning 0 In addition we arranged to

trace in parallel changes in correct response frequency and latency as

functions of various types of RT sequenceso
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Chapter II

Method

Experimental Designs

Two experiments were conducted in the present investigation. The

two experiments differed only in terms of learning materials, time

intervals of pair presentations, and the equipment used. Both Experi-

ment I and Experiment II 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 reinforcement trial a.nd T for a test triaL

Table 1

Reinforcement-Test Sequence for Each Experimental Condition

in Both Experiment I a.nd Experiment II

r-----+------------

Cycle

1 2 345 6 7 8 9

<>00000<1>"00>0000000000<>0<>00

0000"0"'000000000000000000

00000000000000000000000"0000000

RTTRTTRTT

RRTRRTRRT

RTRTRT

RRTTRRTTRRTT

2

1

3

4

Condition

'--------'-_._-----
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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 set of 20

paired associates, a different set of pairs being 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

into four subsets of 5 items and one subset was assigned to each of

the four experimental conditions. The randomization of the item assign

ments was done by computer in Experiment I, and by a 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 procedure 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 response; no information was given the subject concerning

correctness or incorrectness of his response on a T trial. The order

of occurrence of items within each cycle was randomized separately for

each subject.

The experimental procedures which differed between the two experi

ments will be described separately in the respective sections.
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Subjects

In total 102 subjects 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 subjects were discarded. Consequently, 50 subjects in each experi

ment contributed to the data analyses. Twenty-five of the subjects

participating in Experiment I were undergraduate and graduate students

at Stanford University who were paid for their services. The other 75

subjects were students enrolled in the introductory psychology course

at Stanford University, and their participation was required for course

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

Experiment I

Experimental Materials

For Experiment I, 20 paired associates were constructed with

nonsense syllables as stimulus members 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 syllables ranged between

1.50 and 1.69. Restrictions on the stimulus members of the pairs 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 A,

U, and 0 four times each, I, five times, and E, three times.

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

9



possible while keeping the m-values of the eve within the range of

1.50 to 1.69 in Noble'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 "0" was used, and each digit

was repeated a minimal number of times (specifically, 1, 2, 4, 5, 6, 7,

and 8 were each used twice, and 3 and 9 were each used three times).

(2) For the second digits, each of the 10 possible digits was used twice.

(3) The two digit number which could be made by interchanging the first

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,

... , 99 were avoided.

The pairs constructed for Experiment I were as follows:

BIY 97 NAJ 61

eOJ 31 PIR 28

DIJ 65 QOP 59

FIR 38 RER 73

GOR 52 SOQ 17

BUY 89 TER 93

JAF 94 VUS 86

KIQ 42 WEF 70

LUW 26 YAB 34

MUX 15 ZAK 40
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Experimental Apparatus

For Experiment I, an automated experimental situation was achieved

by using the verbal associative learning apparatus installed in a pair

of adjoining rooms at the Institute for Mathematical 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

Institute.

In the experimenter's room, the major control component was built

around a 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 was pre-punched with information to control stimulus

presentations and part was reserved for recording data. Column positions

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-E34oo timer with a 2 to 30 second range. At the end of an intertrial

interval, the stimulus display Was activated. Exposure of an lEE In-line

Digital Display was controlled by an ATC-EllOl timer with a range from

.1 sec. to 10 sec. During the intertrial interval, the contents of the

Berkeley timer and response key relays were punched out on the IBM card

by the IBM 526. Then the card was advanced and the procedure was repeated

automatically until the entire 496 cards were run.
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The experimenter's room containing all of the control equipment

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 conditioned. 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 Rand

T trials. The response digits were shown on t'wo letter positions

of the right side of the 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. Each of the

columns contained 10 response keys, numbered 0 to 9 from the

bottom in ascending order, the bottom being closest to the subject.

After the stimulus had appeared on the display panel on a T trial,

the subject indicated his response by depressing first one key in the

left-hand column and then one in the right-hand column second, thus

generating a two digit number. As soon as the subject depressed each

key, it was lighted up until the response was recorded by the IBM 526

in the control room. The operation took less than 1 sec. Response

time was measured 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.
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Experimental Procedures

Upon arriving at the subject room, each of the 51 subjects who

participated in Experiment I was instructed to learn 20 paired-

associates as qUickly as possible. The two kinds of trials, Rand 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

contained 4 pairs, each representing one of the four experimental

conditions indicated in Table 1. The stimuli of the practice pairs

were symb~ls such as II II= , "+" , and II *" ., and the responses

were the numerals 1125", 1176", 1154", and 1180 11 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 was given 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 sequences

were R T R T ... and R R T T .... In Condition 2, he had 16 R

trials and 8 T trials, the sequence being R R T R R T ... ; and in

Condition 3, 8 R trials and 16 T trials, the sequence being

RTTRTT ....
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The items were presented in 24 successive cycles, each cycle

including all 20 items in a random order. The assignment of an item

to the R or the T procedure 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 beyond the usual intertrial interval.

On R trials, the stimulus and response members were exposed

together for 2 sec., the display being followed by an interval of

2 sec. On a 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 response relay. Since latency was one

of the learning measures 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 on a T trial.

The entire experimental session, including the practice task,

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

14



Experiment II

In Experiment I of the present study, the stimulus members of

th~ pairs were nonsense syllables and the responses were two-digit

numbers. There proved to be little evidence of learning on test trials,

but the possibility must be considered 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

opportunities for learning of some kind on test trials. Further, with

words as responses, at the early stage of learning when the whole response

list is not initially known to the subjects, there might be more room

for response learning than in the experiment with numbers as responses.

ThUS, Experiment II was conducted with the same overall design,

and so far as was feasible the same procedures,but with common English

words rather than numbers as response members of the paired associate

items.

Experimental Materials

Twenty paired associate items were constructed with nonsense

syllables as stimulus members and familiar 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 occurred

more than 100 times per million.

15



The pairs used are shown below:

BIY Wall NAJ Tree

COJ Valley PIH Car

DIJ Line QOP Gate

FIH Yard REH Machine

GaH Rain SOQ House

HUY Door TEH Ear

JAF Bird VUS Post

KIQ Season WEF Iron

LUW Article YAB Fruit

MUX Job ZAK North

Experimental Procedures

Each of the twenty pairs was typed in the center of a 3 x 5

white card: this side of the card was shown on R trials. On the

other side of the same card was typed only the stimulus member of the

pair to be shown on T trials.

In the experimental room, 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 a 10 X 15

inch screen which served as a barrier between the experimenter and sub

ject. The cards were presented manually to the subject on the lower

right edge of the screen.

On an R trial, a subject was instructed both to spell a given

stimulus syllable aloud and 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

16



the subject to respond on T trials was also 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

presentations within a cycle through the list. A Lafayette Recycling

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 to learn two items: IEC-Ball with the RT

sequence (Condition 1) and ABC-School with sequence RRT (Condition 2).

The subject was informed about the other 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 necessarily 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 lOth 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 6th cycle with the subject having experienced at least two T

trials for each of the four conditions. Consequently, the number of

17



cycles needed for each subject was greater than or equal to 6. Since

the length of each reinforcement-test sequence was two trials in

Condition 1, three in Conditions 2 and 3, and four in Condition 4,

it is impossible to make a simple general statement about the number of

T trials given only the number of cycles (N) the subject needed to

reach the criterion. Specifically, the number of T trials for

Condition 1 is N/2 when N is an even nwnber) (N-l)/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 if N ~ 3n-l; and (N-l)/3 if

N ~ 3n-2. For Condition 3, there were 2N/3 T trials if N ~ 3n;

(2N-l)/3 T trials if N ~ 3n-l; and 2(N-l)/3 T trials if

N ~ 3n-2. For Condition 4, the number of T trials was N/2 if

N 4n, (N-l)/2 if N 4n-l, (N-2)!2 if N ~ 4n-2, and

(N-l)/2 if N ~ 4n-3.

The experimental session including the practice task ranged from

40 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

learning ability or motivation among the subjects who appeared early in

a given experiment and those who 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 requirement.

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 appeared 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

analysis 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 introductory psychology

course: t = 1.12 with df 48,

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

was carried out for the five blocks in terms of the mean cycles needed
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to reach the learning criterion of two consecutive perfect performances

for each pair in the list. Again no differences were found among the

blocks: F(4, 45) = .38.

Since the subjects for Experiments I and II were drawn from the same

student population, and since successive blocks of subjects within each

experiment proved homogeneous in ability, it is unlikely that there were

any significant differences in subject variables between the experiments.

Thus we shall proceed on the assumption that any differences in results

between Experiments I and II 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 question of learning or forgetting during

sequences of unreinforced test trials. Table 2 presents the proportions

of errors on the first and second test trials, Tl and T2 , of each

successive replication of the RTT or RRTT sequence, respectively, for

Conditions 3 and 4 of both Experiments I and II. For example, under

Experiment I, Condition 3, the values .944 and .960 in the first column

and first two rows are the error proportions for Tl and T2, respec

tively, of the first RTT sequence; the values .808 and .844 are the

error proportions for Tl and T2 respectively, of the second RTT

sequence. Similarly, for Experiment I, Condition 4, the values .804 and

.860 are the error· proportions for T
l

and T
2

of the first RRTT

sequence, .572 and .576 for Tl and T2 of the second RRTT sequence,

and so on.
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Table 2

The Proportions of Errors on Tl and T2 of Each

Replication for Conditions 3 and 4

in Each Experiment

Replication

~ I
;

1 3 4 I 5 6 7 8
;

Experiment I I I
Condition 3 (RTT)

P(El ) ,944 ,808 .588 .424 0252 0224 .156 ,084

P(E2 ) .960 .844 ,584 .404 ,260 .216 .152 .080

Condition 4 (RRTT)

P(El ) ,804 0572 .348 .200 ,152 ,120

P(E
2

) .860 .576 ,332 .212 .156 .108

Experiment II

Condition 3 (RTT)

P(E
l

) .876 .460 .160 ,060 .008 ,012 .004 .000

P(E2) ,860 .408 .144 .040 ,008 .012 ,004 ,000

Condition 4 (RRTT)

P(El ) ,560 .220 .048 ,024 0000 .004 .000

P(E2 ) .600 .192 .052 .012 .000 I .004 .000
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The data of the first two replications, which showed the most differ-

ence between the two Ts within a replication, were pooled and the

differences between mean estimates of P(El ) and P(E2) were tested by

t-test. The obtained ts were as follows, all with df =. 49: in Experi-

ment I, for Condition 3, t = .27, for Condition 4, t = .28; and in

Experiment II, for Condition 3, t .37, and for Condition 4, t = .07.

All of these ts have probabilities greater than .50. The differences

between P(El ) and P(E2) values for the later replications were smaller

than those of the first two replications and obviously insignificant.

Evidently we may conclude that there are no significant changes in

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

forgetting, over two successive test trials when there is no intervening

reinforcement of the given item.

An additional source of information concerning the probabilities of

some type of learning on test trials is available in the data for

repetitions of correct responses and shifts from incorrect to correct,

over pairs of unreinforced tests. Table 3 gives estimates of P(C2 : Cl )

and p(C2 : I l ), the probabilities of a correct response on given a

correct or an incorrect response, respectively, on Tl , for each repli

cation of RTT (Condition 3) and RRTT (Condition 4). These conditional

probabilities were estimated by the appropriate proportions in the data

pooled over all subjects and appropriate items. For example, to obtain

the estimate of P(C2 : Cl ), the proportion of joint occurrences of

correct responses on Tl and T
2

were pooled over all five items of

the given condition for all subjects on a given replication and this

proportion was divided by the proportion of correct responses on the Tl

trial of that replication. The principal "rends are that these condi-

tional probability estimates increase drastically over successive
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Table 3

Conditional Probabilities of Correct Responses on T
2

of Each

Replication Given a Correct Response, P(C
2

: C
1

), or

Given an Error, P(C2 : 11), on T1
,

I Replication

1 2 3 4 5 6 7 8 9 Mean*

Experiment I

Condition 3 I

p(C2 , C1) 1. 500 ,708 .806 ,965 ,925 1 ·959 .962 .978 ,928

N I 14 48 103 144 187 194 211 229 1130

P(C2: 11) 1. 013 .025 .143 ,094 .190 .179 .231 .286 .087
N I 236 202 147 106 63 56 39 21 870

I

ICon~ition 41
P(C2 ' C1) !,653 .822 ·920 ·950 .962 .977 .924
N 49 107 163 200 212 220

l
951

I

p( C2 : 11) ,015 .126 ,195 ,140 .184 .2671 ,109
N 201 143 87 50 38 301 549

I I- I

I

Experiment II
1. I

Condition 3 I iI

I I

P(C2 ' C1) .871 .978 .986 .987 1.000 LOOO\ .996 LOOO 1.000 .992
N 31 135 210 235 247 247 ! 249 250 250 1854

I
p( C2 : 11) .037 .139 .175 .467 .000 .000!1.000 ~-- --- .098

I

N 219 115 40 15 3 3[ 1 0 0 396
I
I

Condition 4 i

.98311.000
I

P(C2 ' C1) .827 .979 LOOO 1. 000 11. 000 .982
N 110 195 238 I 244 250 249 250 1536

p(C2 ' 1
1

) .064 .200 .250 .500 I
~-- .000' --- .12;Ji

I
N 140 55 12 6 o 1 i 0 214

- --- _______ _____.~._.___.___._.______ L______ ..__
*Mean over all replications except the first.
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replications for both experiments and both conditions. In the case of

P(C2 : Cl)' 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(c2 : Cl ) on early

replications for Experiment I are probably due to the greater incidence

of guessing with digits rather than words as responses. When a subject

is choosing from a relatively limited set of response alternatives, as

in Experiment I, some responses will be correct by chance on the Tl

trial of a replication but will be unlikely also to be correct on the

following T2 trial.

The ~uantity P(C
2

: II) 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 ac~uisition of correct associations is progressively

increasing over the experiment (a "learning to learn" effect). The

observed increase is considerably too great to be accounted for by the

learning of response sets; if the set of responses being used in the

list for a given subject were fully learned and the subject guessed on

all trials when he 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(C
2

: II) are of about this order of magnitude on the

first replication but increase to substantially higher levels on later

replications.

The values 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
2

: C
l

) and

relatively low values of P(C
2

: II)' The former values are close enough

to unity to suggest that little retention loss occurs once a correct

response has occurred to a given item. The values of P(C
2

: II) are

somewhat larger than could be accounted for on the basis of successes by

guessing if the subjects, when responding on unlearned items, make their

response selections 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 belonging to learned

items are not used in guessing, or from a failure of associative learning

in this situation to conform closely 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

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 ,092 was correct on the first test trial

following the first reinforcement; the proportion .185 was correct for

the first 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 first test trial 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 First Correct after

a Given Reinforcement

R1 R2 R
3 R4 . R

5
R6 R

7
R8

"
Experiment I

P(C) .092 .185 .195 .262 .282 .329 .415 .290
Condo 1

N 250 227 185 149 110 79 53 31

p(c) ,168 .346 .353 .420
Condo 2

N 250 208 136 88

p(c) .056 .146 .304 .262 .425 ,174 .286 .364
Condo 3

.N 250 233 194 122 87 46 35 22

P(C) .196 .333 .387 .381
Condo 4

N 250 198 119 63

Experiment II

p(c) .148 .432 .554 .574 .609 .222
Condo 1

N 250 213 121 54 23 9

p( C) .388 .582 .656
Condo 2

N 250 153 64

p(C) .124 .443 .544 .500 .462 .000
Cond.3

N 250 219 114 36 13 2

P(C) .440 .571 .627
Condo 4

N 250 140 51

26



probability that an association forms on any given reinforced trial;

according to an incremental interpretation, such as that associated with

the linear model, these proportions are related in relatively complex

ways to learning-rate parameters, and about all that can be said about

them 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 values within columns, that is following

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

replications 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 particularly striking in the data of Experi

ment II, Consider, for example, 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 trial 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 most instructive 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 strictly neutral with respect to

changes in correct response probability, then learning curves of the

first type should be identical, except for sampling error, for all four
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conditions. Previous analyses indicate that no significant changes in

correct response probability occur on T trials, but the possibility

remains that the presentation of T trials 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 reinforcement-test sequences for Conditions 1, 2, 3, and 4 were

respectively R T R T ••• , R R ~; R R T ••• , R T T R T 'J:' "., and

R R T T R R T T .••• Consequently, for Condition 1, the proportion of

th oth 1-'-' t . 1 1 tt d th . t· d' t' ft therrors on' e l .J: rla was poe as e pOln lmme la e.Ly a er e

i
th

R trial on the abscissa of Fig. 1, where i ~ 1, 2, ••. , 12 in

Experiment I, and i~l, 2, , •• , 14 in Experiment II. For Condition 2, the

tests' occurred only after the even numbered R trials, and thus points

are plotted for i ~ 2, 4, "0' 16 in Experiment I, and i ~ 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 trials following every

R., where i
l

1,2, .•• , 8 in Experiment I and i ~ 1, 2, .•• , 9 in

Experiment II. For Condition 4, the error proportions are plotted for

the first of the two 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, 4, ••• , 14 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 D.umber 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 each experiment

the curve for Condition 3 is lowest throughout, that for Condition 1

next, then that for Condition 1" and finally the curves of Condition 2,

in each case highest, However, it does not appear likely that number of

preceding T trials per se is the critical variable, for Conditions 1

and 4 differ only by one unit in the number of Ts preceding any plotted

point, 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. Evidently, the major factor must be the spacing Ollt of

reinforced trials by blocks of one or more T trials. Further 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 stHl faster if more than two T trials intervened between

successive reinforcements,

Taking together these findings and those of the previous section,

we can see that the answer to questions concerning the effects of test

trials on paired-associate learning is not going to be simple, When we

simply look at performance on test trials which are given successively

with no intervening reinforcement, we observe no significant change in

correct response probability, suggesting that neither learning nor for

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

of this process is to increase the effectiveness of sUbsequent reinforced

trials, We cannot -within the present: experimental iesign separate the

effect of any activity occu:cring on te.st trials from effects of the time

taken by the test trials, However, th.e substantial differences between

the curves for Conditions 1 and 3 in 2s,ch pa,nel of ]':ig, 1 rather suggests

the former interpretation6 In Condition 1 t,he time between successive

reinforcements of a given item is a.lready ratherla-rge in terms of the

intervals ordinarily occurring in learning experimen~s, and it is hard

to believe that simply the increase in temporal spacing involved in going

from Cond.ition 1 to Condition 3 cO'J.ld produce effects as large -as those

observedc

From a practical st.andpoJ.n.t~ it is of interest to compare the four

conditions with respect to effieieney in the sense of the level of per~

formance attained after a given tot;s,l amot.::.nt of time in the experimental

situationo E'ttid-2l1ce on this point .is provided b~r ~"igQ 2 in ·which we

have plotted for each cycle (that iS I each suc:cessive randomized pre

sentation of the 20 items of the list foy- a given subject) the proportion

of errors fer all conditioDs having a test trial on that cycle, All

conditions are represented simultaneously on,ly on the twelfth and twenty=

fourth cycles, b'iJ..t overall treads fOT the four conditions are not diffi

cult to compare 6 Sin,ce vte have determined in the preceding section that

learning of the correct response occurs only orl Teinforced trials, one

might have expected that in this figure the curves would line up in

order of the density of reinfol"CemenCs over the trials preceding any

given plotted pointo ~'o some extent, tbis expectation is borne out; for
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example, Condition 2 J though consistently running above all of the others

in the curves of Fig. 1, exhibits the most rapid improvement in per-

formance as a function of cycles in Expe!'iment 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 "hich overtakes and passes that of Condition 2 (RR'r) relatively late

in Experiment I and relatively early in Experiment II and runs below all

of the otheT curves over the terminal cycles of both experiments 0

Roughly speaking Oele may say that early in the series of training trials

the most efficient use of a given unit of experimental time is the pre-

sentation of a reinforced trial, but that later in the sequence this

becomes 1.esB true and under some circumstances one may actually gain in

efficiency b,y replacing some reinforcements ~:;-ith ur.treinforced test

trialsc

The picture of relative acquisition rates for the va::rioUis conditions

given by the learning curve analyses is supplemented by ·various statistics

for errors and trials to criterion in Taoles 5, 6, and 7. The statistics

of Table 5 simply show in another way tbe fact that when given sized

blocks of reinforcements are interspersed with pB,iY-s of test trials

rather than single test trials.s the relati've f:rBquency of protocols

containing large numbers of errOTS is substantially increasedo The

higher error incidence for Condition 3 eve}:' 1 and Condition 4 over 2

shows up even when the data are converted. to average errors per test

trial; this observation suggests a question as to Whether, although

learning in the sense of increasing correct response probe,bi:Lity certainly

did not occur on test trials, theye might have been learning in the sense

of an increase in probability of errors vltlic,b happened to occuro

'\'<
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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 I Experiment II

Condo 1 Condo 2 Condo 3 Condo 4 Condo 1 Condo 2 Condo 3 Condo 4
No. of Errors over All Ts (RT) (RRT) (RTT) (RRTT) (RT) (RRT) (RTT) (RRTT)

freq. freq. freg. freg. freg. freg. freq. freg-.

0 16 38 4 23 34 95 27 90
1 31 64 5 17 89 86 11 25
2 33 43 21 54 64 42 91 76
3 37 42 12 23 37 21 19 15
4 32 22 44 37 14 4 62 30
5 27 13 23 20 5 1 7 5
6 23 13 32 18 1 1 20 5
7 20 9 15 13 5 0 5 2
8 8 6 25 6 0 0 5 1
9 8 5 7 0 0 0 0

10 4 10 11 0 1 1
11 3 9 4 0 0 0
12 8 10 17 1 0 0
13 10 0 2 0
14 8 0 0 0
15 4 0
16 13 0
17 0
18 0

Total Errors 1054 618 1745 1110 462 260 764 429

No. of Total Ts* 12 8 16 12 14 9 18 14

Mean Errors per Subject
1.716Item over All Ts 4.216 2.472 6.980 4.440 1.848 1.040 3.056

S.D. 2.919 2.060 4.108 3.396 1.550 1.093 2.103 1.766

*The numb~rs 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 Experiment II.

Table 6

Overt Errors on T
l

through T6 in Experiment II

Frequ~~cy/protoc1"-T

Condition 1 2

--rTotal No.
of

3 4 Overt Err~~s

Average Overt
Errors

per Test

1 (RT) 71 3 1 0 80 .0229

2 (RRT) 54 2 1 0 61 .0271

3 (RTT) 98 15 1 1 135 .0300
i

4 (RRTT) 17j 9 1 1 98 j .",so
_______________...__ __ --_eo 1______----- _________

However, these data appear to lend little support to such a hypothesis.

The frequencies of overt errors over the first six test trials, in which

all conditions are equally represented, are about in proportion to the

mean errors per protocol shown for Experiment II 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 almost negligible with respect

to theoretical implications. Further, of the 15 occurrences of overt

errors repeated twice in Condition 3, nine occurred within the T
l

T
2

trials of a single RTT replication and of the nine similar cases in

Condition 4, six occurred within the Tl T2 trials of a single RRTT

replicat ion.
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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 responses for Experiment II, With these criteria applied to

individual items in each experiment, distributions of trials to the last

error, mean number of test trials "before the last error and mean number

of reinforcements before the last error were computed. The last named

statistic is perhaps the most informative, and bears out the conclusion

from preceding analyses that the effectiveness of each reinforcement is

greatest when the ratio of reinforcements to tests in a given condition

is lowest.

Latency Analyses

The following analyses are limited to Experiment I, foY which

response times (latencies) were recorded. Fig. 3 gives learning curves

in terms of the mean latency in seconds per trial for correct and

incorrect responses considered separately for each condition. Latencies

of correct responses were significantly lower than latencies of incorrect

responses throughout the series for all of the four conditions. Laten

cies of correct responses pooled for all conditions started at a mean

of 3.718 sec. (S. D. = .156 sec.) and steadily decreased over trials,

terminating at a mean of 2.662 sec. (S. D. = .024 sec,). The only

significant exceptions to the essentially monotone 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, relatively sharp decreases from T
l

to T2 of a



~

Table 7

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

and the Mean Reinforcements before the Last Error

Experiment I Experiment II

No. of Trials Condition 1 Condition 2 Condit!on 3 Condition 4 Condition 1 Condition 2 Condition 3 Condition 4
(RT) (100) (RTT) eRRTT) (RT) (100) (RTT) (RRTr)

0 16 39 4 24 34 96 27 91 I1
2 31 1 90 8
3 63 22 2 86 ';f? 9
4 29 60 63 92
5 3 15
6 33 43 1).7 33 39 63
7 13 10
8 24 19 49 18 5 36
9 30 39 20 20

10 27 3
11 6 11 7 1
12 20 20 31 28 3 6 6 7

I
13
14 22 6 4 I 0
15 19 8 3 2 i 0 2

I

16 15 11 1 I 2
17 8 I 0
18 7 11 12 0 1 0

I19 4 0
20 5 5 13 0 1 0
21 11 15 0 1
22 6 0
23 4 7 0 0
24 15 14 20 25 1 0 0 0
25
26 0 0
27 ° 0 0
28 0 0

Total T, 1172 669 1882 1232 468 264 768 444

No. of T, per Pair 12 8 16 12 'A 9 . 18 14 I

Mean Ts before the
Last Error per Item 4.688 2.676 7.528 4.928 1.872 1.056 3.072 1.776 .

S.D. 3.305 2~320 4.319 3.628 1.601 1.143 2.118 1·744

Mean Rs before the
Last ETror 4.688 5·352 3.868 5~280 1.872 2.112 1.608 1.864



6 I I Iii iii \ I ( iIi

5

:g
z
8 4
:::
~

t 3

i1i
s 2
:i
!;:]

"'--....... -----._~------ -------<>--.."---a--- ~ ......... -=-

---- INCORRECT
--<>-- CORRECT

o I i I ! I!! I ! I I I !!

2 3 4 5 6 7 8 9 10 11 12

TEST TRIALS

CONDITION I
EXPERItv'<NTI

-->\--'"- / ,--,..,.......
',f ..... _"--...-_""""'_,, _

_ INCORRECT
ts-_....-f!,. CORRECT

\_,,!
CD 6

5

'"0z
48

w
'"
~

> 3
'-'z

'"S 2z

'"!1!
1

D
D 2 4 6 8 ID

TEST TRIALS

CONDITION 3
EXPER IMENTI

12 14 16 l~

oIii i i ! !

D 2 4 6 81012

TEST TRIALS

CONDITION 4
EXPERIMENT I

Fig. 3 Latency Curves.



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

response latencies. The curves of incorrect response latencies pooled

for all conditions started out at a slightly higher level, (4,258 sec"

S. D. ~ ,069 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

a terminal mean of 4.293 sec, (s, D, ~ .069 sec.) which was slightly

higher than the initial value,

It is possible that items were in distinctly different states of

learning in the pre- and postcriterion portions of the trial series,

Evidence bearing on this point is presented in Table 8, which includes

mean latencies for pre- and post criterion 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

conditions, a rather high degree of constancy over trials was observed

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 revealed

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 B. Condition 2

I~ L* N** ~ N1 L 1 N LIN Trial L N L N L N L N I
I -r:-=I Ii" 'I !I 1 I ~4 .. ~8~3 I 7 4.07 1227 i.3. 86 1217 0 !I O 1 4.94 3 4.53 208 3.64 1195 0 0 I
I 2 3.65 I J-4 4.69 ·189! 3·35 217 0 1 0 2 4.60 9 4.68 139 3.16 1195 0 0 i

3 I 2.86 n 4.72 163 i 2.98 217 0 0 3 3.68 12 4.84 93 2·91 ,195 0 0 1

4 '3.99 ! 21 5.12 120! 2.92 217 0 i 0 4 3.51 16 4.88 59 2.77 '195 0 0 i
5 14.57 i 22 5010 95 12,74 193 3.98 19 5 3.91 8 4.60 47 2.49 172 3.32 3!
6 3.80! 22 , 5.50 68 ! 2.62 177 4,,87 ! 3 6 5.16 8 4.95 28 2·53 141 5.72 4!
7 3.73 i 15 I 5.34 5512.55 160 0 ·1' 0 7 3.34 4 4.60 21 2.47 100 2.88 21
8 4,12 I 7 4.74 I 4112.39 130 4.14 3 8 0 0 4.14 14 2.16 39 0 0
9 4·56 8 5·n 'I 25,2.44 109 0 '1 0 I 1

10 4.08 I 7 4.70 , 19 i 2.41 74 4.52 12 Mean 4.041 4,664 2.881 4. 2891 :
n 7·85 i 1 4.48 I 20 2.15 47 0 ,0
12 0 i 0 4.21 15 2.35 16 0 I 0,,

Mean 14.0151

*Latency
**Frequency

4.735
i

2,897 I I 4.2291



Table 8 (Continued)

SeQtion C. Condition 3 SeQtion D. Condition 4

PreQriterion
-,,

I PostcTit.e~cioD Precriterion PostQriterion

,,-

.r=
f-'

, . CorreQt I Error Ii CorreQt Error 1--~orreQt I Error CorreQt 'I' Error'I ' i '

ITrial i L* S LIN I L N 1 LIN Trial8 N L N L' N-1 L N

11 14.131104.14 123613.67 1,206
1

0 1
0 !T,'4'09 25'4.43 20113.83 201! 0 01

j 2 13.67 514.52124013.441206 0 10 2 4.25 94.35 21513.29 2011 0 01
i 3 !4.4512114,771202!3.05 1206 0 0 3 4.28 214.73 14313.0512011 0 0:
i 4 '3.97 9 I 4.68 211 I 2.86 i 206 0 0 4 I 5.26 7 4.82 143 2.82 ! 201 I 0 0 i
I 5 k63 12614.90 114712.65 i191,12.75 13 I 5 15.0711614.89 8612.751188/'4.57121
I 6 14.55, 8!4.88 j14612.67 !182 5.76

1

4 6 1'4.38 1814.84 8312.53 ,1853.7212\
. 7 14.44 I 9' 5·22 1 106 i 2·54 11781 0 0 7 4.21 11314.39 50 2·57 11157 '" 3.20 i 2 i
1 8 ,4.50 8 5.08 101 i 2.54 i 171 2·90 11 8 /5,12 I 7 4.55 53,2.51 148 0 I 0 j
i 9 !4.27 116 5.45 62 I 2.38 1140 5.84 . 1 9 I 4.04 13 4.99 36 : 2.39 ! 99

1

0 , 0 1
! 10 13.77 10 4.96 ! 6212.37 i 133 3·12 j 2 10 13.64 i 7 4.75 3812.42! 84 3.16! 1 j
! 11 15.11! 914.81 I 55 :2.36 ! 96 0 : 0 11 14.48 i 3,4.11 29 !2·51 I 261 0 I 0 i
I 12 12.74 i 31' 5.28 I 53: 2.34 ! 77 1 0 ! 0 12 , 0 i 014.22 25 12.30 i 241 0 I O!
1 13 14 .91 i 6 4.88 I 38 i 2.21 ! 30 I 0 i 0 If--~r-t I 'L: ':1
: 14 i 3.74 I 315.00 36 '12.28 i 27 0 10 Mean 14.383~L591 ! 2.875 ~3.7341 i
! 15 3·49 I' 51 4 . 55 19,1. 87 I l~O 10 j .. -~--
1 16 o. 0 4.30 20 i 2.29 I 4 0 i 0 ,

I Mean 1 4 . 324 1 14.752 1 ~:..800 1-_ 4.2061-11

*LatenQy
**FreguenQy



were the criterion run, in all cases, and both the overall means and the

terminal levels were very similar for all four conditions.

A point of special interest is the pattern of overall means, those

for precriterion correct and error responses and for postcriterion errors

being clustered at a level of about 4.2 + .5 sec. whereas those for

postcriterion correct response are virtually equal (the means for all

four conditions falling between 2.8 and 2.9 sec.).

The close similarity in form of the postcriterion correct response

curves for all four conditions, despite the differences in Rand T

sequences, 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 availability, or retrievability, rather

than of the formation 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 low, 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 families of learning curves for the four training

conditions plotted in terms of response frequencies 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 i th reinforcement for each of the four
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conditions in Experiment I, The principle for plotting the curves was

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, By 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 based on more than 50 observations. 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 until at

least the 5th reinforcement. During this stage, the latencies for the

items in Condition 3 were longest, being followed by Conditions 1, 4,

and 2 in descending order. The basis for the increase in error latencies

as a function of reinforcements is not obvious; conceivably it repre

sents merely a bias in item selection, the items on which errors still

occur after several 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
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the curves for the four conditions proved too small and unsystematic to

merit detailed analysis.

In order to permit examination of changes in the latency distri

butions for each condition during learning, the entire experimental

session was divided into four equal blocks (quartiles). Each quartile

of Conditions 1 and 4 had three T trials; Condition 2, two T trials;

and Condition 3, four T trials. Individual latencies were tallied

into 20 categories, with a class interval of ,50 sec. Fig. 5 presents

the frequency distributions so obtained for correct response latencies.

For each condition, a family of empirical functions similar in form to

beta-distributions was generated. As 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 results

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

for all four conditions. Again the modes remain approximately constant

throughout learning, but with the mOdal category generally falling 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 category (9.50 to 10.00 sec.) is

accounted for by a technical limitation in the apparatus used. The

Berkeley EPUT timer could not record latencies longer than 10 sec., so

all responses longer than 10 sec. were counted as 10 sec. latencies.
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Chapter Dr

Theoretical Analyses

One-Element Model

A number of purposes can be served by determining, first of all, the

extent to which the present data conform to the simple one-element model

for paired-associate learning (Bower, 1961; Estes, 1961). Interpreted

in terms of the present situation, the assrrmptions of the model are:

(1) Learning occurs only on R trials; on each such trial there is a

constant probability c that the correct response will become associated

with the stimulus for the given item; once an association is formed the

correct response will thereafter occur with a probability of 1 when the

given stimulus is presented on test trials. (2) For a given set of

conditions there is some fixed probability 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 admissible responses, i.e., 1/90. In

Experiment II, since the list of response words was initially unknown to

the subjects, for all practical purposes g should be equal to O. As

in most other applications of the model, the assumptions concerning

guessing probabilities need some qualifications, The assumptions stated

above should be expected to hold only if the subject continued throughout

the experiment to follow the strategy of guessing on unlearned items by

responding at random from the full set of possible response alternatives.

48



In Experiment II, the set of response alternatives was initially unknown

so that on the first trial the guessing probability should be equal to

0; if, however, response learning, in some sense occurs, beyond the

learning of associations between stimQli and the correct responses, then

at an intermediate stage in the experiment the subjects may have learned

some of the responses without having associated them with the proper

stimuli and thus on test trials may have probability greater than 0 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 going over to the more efficient

procedure of guessing on unlearned items by choosing responses only from

those not belonging to already learned items, Nonetheless, on the early

trials of an experiment one should expect that the simplest asslli~ptions

concerning guessing hehavior would be recent~y well~approximated and

thus we make our preliminary assessment of the applicability of the model

by treating only the data of the first two test trials for each

condition,

In Table 9 we present for each experiment and each condition the

proportions of instances in which items were correct on both of the first

two test trials, correct on the first and incorrect on the second,

incorrect on the first and correct on the second, or incorrect on both,

together with theoretical values for the one-element model, 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 egual to ,01,

assuming that guessing responses were chosen from the full set of
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Table 9

Joint Response Proportions for First Two Test Trials Compared with

Predictions from One-Element Model

Experiment IIExperiment I
-I-------~ ,

!
Theoretical I'oretical

Observed i Theoretical Theoretical I Ob do serve
~ = .01 g = .05 g = g = .05 i,

I
!

- r iCondition 1
I II CC .07 .08 I .04 .14 .14 .12

CI .01 .02
I

.04 .00 .01 .02 !

I Ie .16 .16 .20 ·37 .37 .38 i
I

I II .76 .74 I .72 .49 .48 .48 I

I Condition 2 I I I
1

I !
CC I .17 .16

I .16 .42 .38 .40 I

I I :CI : .01 .01 .03 .00 .00 .01 ;

I .24
I i .36 .40IC .29

I
.30 .39 ,

II .58 .54 .51 .19 I .26 .19 !

I

I
I
i

Condition 3 ;
;

CC .07 .03 .03 .14 .11 .10
I

I
CI .01 .03 .05 .00 .02 .04

I
IC .01 .01 .05 .00 .03 .04
II ·91 .93 .87 .86 I

.84 .82
I I

I Condition 4
i CC .17 .13 .14 .42 .36 .38,
I CI .01 .07 .04 .00 .08 .03I
I IC .01 .01 .04 .00 .04 .03I I
I II .81 .79 .78 .58 .52 .56 1

I
! ,

I .~

Vl
o



admissible alternatives. The second set of computations 'was done with g
(

equal to .05, the value that would obtain if the subjects had learned the

20 responses belonging to the list and chosen from among these on guessing

trials, In the case of Experiment II, the two assumptions used were

g = 0 and g = ,05. We expect that if the model is applicable, the

observed values should fall between those computed under the two guessing

assumptions in each experiment, since one would expect on psychological

grolh~ds that the guessing behavior might be moving from the lower level

toward the higher over the course of the first few trials.

The remaining parameter that had to be evaluated for each experiment

was the conditioning parameter c. If the effects of R trials were the

same under all conditions, so also would be the value of c and a single

estimate should serve for all conditions of a given experiment, On the

basis of comparisons of learning curves for different conditions already

discussed, however, we know that the effects of R trials differ under

the different conditions and thus that a common estima'te of c could not

be expected to be adequate. Making use of the informa,tion already

obtained concerning the differential effects of reinforcements under the

different conditions, we have estimated three different c values for

each experiment: the first, c
l

' represents the effect of the first R

trial; the second, c2, represents the effect of any later R trial which

is not preceded by a T trial; the third, c
3
, represents the effect of

any R trial preceded by a T trial, For Experiment I, the estimate

of cl ' obtained from the pooled data of the first 'r trial for Condi

tions 1 and 3, was .07; the value for c2, obtained from the pooled

data of the first test trials of Conditions 2 and 4, was ,10; and the
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value for c
3

, obtained from the data of the second test trial of Condi

tion 1, was .14. For Experiment II the corresponding estimates were

c
l

~ .03, c
2
~.ll, and c

3
~ .18. Using these estimates, the theoreti

cal values were computed according to 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 adjacent T trials,

in Conditions 3 and 4). The only major disparities between theoretical

and observed values occur in the case of the probability that a correct

response on a T trial is followed by a correct response 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 data 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 model that the acquisition of

correct associations occurs on essentially an all-or-none basis on

individual R trials, but with the effect of an R trial depending on

the type of sequence 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

responses, but imperfect retention, with the degree of retention of the

effects of an effective learning trial depending upon the type of sequence,
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According to the one-element model, the basi.c learning curves

plotted in terms of error probability on the first T following each

successive R trial should be described by functions of the form

( 1)

where qn denotes probability of an error following the nth R trial,

and A and X are constants. If the conditioning parameter c, repre-

serrting the effect of an R, were constant throughout the series, then

the parameter X, in Equation 1 would equal 1 - c and A would equal

qO(l - c), where qo is the error probability prior to the first R

trial. However, we know on the basis of analyses discussed above that

the effect of an R ir~reases over the learning series in our situation,

with the largest change occurring from the first to the second R under

each condition. Nonetheless, if the conditioning parameter does not

change greatly SUbsequent to the second R, a function of the form of

Equation 1 should describe the learning curve for each condition. Lettirlg

c
l

denote the conditionirlgparameter on the first R trial, c2 the

conditioning parameter on the second and subsequent R trials, and g

the probability of a correct response by guessing on unlearned items,

Equation 1 becomes

where n = 1, 2,

Conditions 2 and 4.

for Conditions i. and 3, and n = 2, 4, .,. for
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With this interpretation in mind, the values of A and X in

Equation 1 were determined by least-squares for each 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 II in

Fig. 7 and Fig. 8, respectively.

We take the close agreement of theoretical and observed values to

support the general family of models which assume a constant learning

effect (cr constant learning probability) on R trials and no learning

on T trials. Within this fa.'llily, special support cannot be claimed

for the one-element model over, for example, the linear model or various

stimulus sampling models, all of which entail learning functions of the

form of Equation 1. Thus the next step in a theoretical 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

(Le., X values in Fig. 7 and ~'ig. 8) over the four condit;.ons.

Stimulus Fluctuation Model

Of the extant models which can accommodate the forms of the learning

curves, the obvious candidate for more detailed examination is the

stimulus fluctuation model (Estes, 1955a, 1955b). On a priori grounds,

it is clear that this model can account, at least qualitatively, for

many of the empirical relationships that have emerged from our 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 occurs, 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 occur randomly

over time, there being some constant prc:ibability of" a transition

during any short interval of time Dt.

4. At any time, any given cue may be associated with ("conditioned

to") the correct response} some specific incorrect response, OT

neither.

5. On each 11. trial, 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 conditioning occur.

6. Probability of a correct response or. any Ttrial is equal -co

the proportion of cues in the sample that are conditioned -co

the correct response.

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

portions over the T trials of an 11.IT or 11.E'IT sequence (Table 9) is

directly implied by the model. The expected propc,rtion of shifts from

incorrect on to correct on is very small; since nearly all

instances of incorrect response on will be cases in which learning

failed to occur on the preceding 11. trials (as in the one-element model).

However,the retention loss from T
l

to for items with correct

responses on T
1

should be somewhat greater than a,llowed for by ·the one,~
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element model, for conditioned elements in the sample on T
l

may become

unavailable for sampling on T
2

as a consequence of the random fluctua-

tion process.

Similarl;y-, the principal differences in rates of learning under the

four conditions are readily interpretable in terms of the fluctuation

model. Since the occurrence of T trials involves time, the occurrences

of two successive R trials separated by a T trial in Condition 1 are,

on the average, separated by a longer time interval than two successive

Rs with no intervening T in Condition 2. The longer" the interval

between two R trials, the greater is the opportunity' for cues unavail-

able for sampling on the first occasion to become available on the second.

Thus, other things equal, the greater the temporal spacing between R

trials, the greater will be the average number of cues newly conditioned

per reinforcement. From this consideration, one could pred.ict 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 of the learning curves, however, we shall have to derive the

appropriate theoretical fUXlctions.

Our notatIon will largely follow that of Estes (1955a, 1955b)--

= 1 - qn
probability of a correct response on the first

after the nth R

T

F probability that any one cue is conditioned to the
n

ft th nth R ( th Fcorrect response a er e wi 0 = g,

where g is, again, the guessing probability)

58



N
J = N* proportion of cues in the active state (assumed, for

simplicity, 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 item 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 int,erval to This quantity will be

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

and

where and f't

f ) tf' = J + \1 ~ J a ,
t

denote the probabilities that a cue in the inactive

or active state, respectively, during presentation of an item on one

cycle is active at the time of presentation of that item on the next

cycle (Estes, 1955a, 1955b)o

Now, to obtain the learning function for Condition 1, we proceed as

follows.

Firstly, we require the probability that any cue is conditioned to

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

above,
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F1 - (1 - 3) g + J J

_ 1 - (1 - 3)(1 - g)[l - 3(1 _ a2t )] ,

and, by induction

(2)

In deriving Equation 2, we have set the conditioning parameter c equal

to unity; also, we have assumed that the parameter J applies from the

very first trial, although in the general theory the proportion of cues

in the active state on the first trial would be only of the order of

3(1 - at / 2 )o The increase in expected proportion of active cues over the

early trials which is implied by the model may serve to account for the

observed increase in effectiveness of R trials over the first few trial

cycles in both experiments.

With the simplifications just mentioned, Fl is simply the proba

bility g that the given cue was initially (by "chance") associated with

the correct response plus the probability (1 - g)3 that the cue was

initially unassociated but was available for sampling on the first R

trial. The expression for F
2

is obtained similarly, the factor

J(l - a2t ) being the probability that a cue inactive on the first R

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

T trial intervenes) 0
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Now, the proportions of conditioned cues available for sampling on

the T following the nth R trial will be liN times the expected

number of cues carried over from the R trial, N[J + (1 - J)a
t
], plus

liN times the expected number of conditioned cues which were inactive

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

(N*F - N)J(l - at), thus
n

p = -N
l [N(J + (1 - J)atJ + (N*F - N)J(l _ at)]

n n

t
= 1 - (1 - a )(1 - F )

n

The function for Condition 3 is derivable in exactly the same fashion,

and differs only in that the interval between R occurrences is 3t,

so that the term (1 - a2t ) is replaced by (1 _ a3t ),

It might be remarked at this point that the curve for probability of a

correct response on the second T following each R in Condition 3

differs from that of Equation 4 only in the replacement of the factor

(1 - at) by (1 - a2t)o Thus it is predicted that this curve should be

displaced slightly below that of Equation 4 on early trials, but should

converge to it on later trialso This prediction seems to be nicely borne

out by the data of Experiment I, but the difference between Tl and T
2

trials early in learning does not appear in Experiment II (Table 2).
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Simil~r derivations yield for Conditions 2 and 4, respectively,

n-2

p = 1 - (1 - at)(l _ g)[(l - J(l _ a2t»)(1 _ J(l _ at»)] 2 (5)
n

and

n-2
t, 3t t 2""""

1 - (1 - a )(1 - gi[ (1 - J(l - a )}(l - J(l - a»)]

Now) using Equations 3 - 6, we can express the par~meter X of

Equ~tion 1 in terms of p~r~eters of the fluctu~tion model--

Condition 1: X = 1 _ J(l _ ~2t)

1

Condition 2: X = [(1 _ J(l _ ~2t))(1 _ J(l _ ~t))]2

(6)

Condition 3: X 3t
1 - J( 1 - a )

1

Condition 4: X = [(1 - J(l _ ~3t»)(1 _ J(l _ at ))]2

On the ~ssumption th~t the par~eters ~ ~nd J are const~nt over

conditions within ~n experiment, one can e~sily prove the general set

of inequalities

where the subscripts denote conditions; strict inequalities obtain except

for the degenerate cases when t o or when. a or J equal 0 or

10 Reference to Fig. 7 ~nd Fig. 8 shows that the predicted ordering of

slope par~eters is borne out exactly in both experimentso
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For a still more rigorous test of the model, we can estimate a

and J from some of X values determined by least-squares and compute

numerical predictions of the remaining X'so Using the values from the

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

am

Solving these numerically, we obtain the estimates

from which, in turn, we compute the predicted values

Xl = 0791

~ = .830

~
= .742

~ .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 II, we obtain estimates

t
a = 0493

J = .617



and predicted values

Xl ~ .533

X2 ~ .605

x3
~ .457

x4
~ .560 ,

corresponding to least-squares estimates of .533, .646, .457, and .598,

respectively.

The initial value parameter, A, in Equation 1 involves rather

complex combinations of the model parameters, and owing to the uncertainty

concerning the value of g (discussed above in connection with Table 9)

and changes in parameters over the first couple of trials, we have not

attempted to predict numerical values of A across conditions. Simply

from inspection of Equations 3 - 6, however, it is clear that the values

of A should be equal for Conditions 1 and 3 and for Conditions 2 and 4

within each experiment, the common value for Conditions 2 and 4 being

the smaller. These predicted relaxionships are quite well approximated

in the least-squares estimates for both experiments-- Experiment I:

A~ .945, .824, .999, .817, for Conditions 1, 2, 3, and 4, respectively;

Experiment II: A~ .863, .613, .891, .563.

In principle the fluctuation model could also be applied to the

joint response proportions for T
1 and T2, 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

associated with the stimulus member of an item. Exactly one of these

cues is sampled on any trial; arld the fluctuation process is such that

the cue sampled on one trial is replaced by the other cue on the next

trial with some constant probability j,

To avoid having to deal with the excessive number of free parameters

required to allow for changing effectiveness of R occurrences over

early trials, we used for this analysis the joint response proportions

over pairs of successive Ts for data pooled over all 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 condi.tioning parameter, Cj and the exchange param

eter, j) were estimated simultaneously for all four conditions of each

experiment by a minimum X2 procedure. Using the three parameter esti

mates, theoretical values for the joint response proportions were com

puted, following the method illustrated by AtkinE;on and Estes (1964,

pp. 221-222), with the result shown in Table 10. The agreement of theo

retical and observed values is rather close for Experiment I, the X2 of

13.34 not approaching significance for 9 df. For Experiment II the fit

is less satisfactory, the X2 of 30.22 being significant at the .01

level.
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Table 10

The Two-Element Fluctuation Model vs. Joint Response Proportions

for Data Pooled over Replicatior:s

i,
Experiment I Experiment II~

-

Observed Predicted Observed Predicted
1---- 1

Condition 1

I
.242 .497 I .467cc

I
.215

01 .077 .070 .045 I .048
IC .206 I .206 .239 .250
II .474 I ·510 .2l9 .235I

I
--

Condition 2

Icc .31.7 .347 .600 .687
CI .028 I .083 .057 .034
IC .264 I .252 .257 .202
II .361 .318 .086 .077

Condition 3 I

CC .241 .213 .506 .442
CI .063 .071 0017 .073
IC .053 .055 .077 .065
II .642 .661 .401 .420

Condition 4 i

CC .282 I .358 .614 .671
CI .082 .072 .033 .049
IC .053 .046 .065 .037
II .584 .524 .288 .242

g ~ .075 g ~ .133

j ~ ,084 j ~ .021

c ~ .247 c ~ .450
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Discussion

With regard to learning on test trials, in the sense of systematic

changes in correct response probability, our results are essentially

negative 0 There were no significant increases in frequency of correct

responding over pairs of adjacent T trials without intervening Rs, and

there were only small 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

studies involving only one or two replications of various R-T sequences

("miniature experiments")o A stUdy by Estes, Hopkins, and Crothers (1960,

Experiment II) exhibited rather striking constancy of correct response

proportions over successive unreinforced tests in RTT, 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), 048, ,44, 044, ,44, and .55, ,57, .56, ,50 for the four

tests of RTTTT sequences (Experiments II and III), In the case of two

replications of an RTT sequence reported by Eimas and Zeaman (1963),

proportions correct (read from their Figure 1) aTe .57 and ,56, 076 and

,73 for the two pairs of tests o In Seidel's (1963) investigation of

test response as a function of w~ber of reinforcements, proportions

correct on TT pairs were 039 and 042, .57 and .60, 071 and .72, .74 and

.78, 072 and 077, follOWing 1, 2, 3, 4, or 5 Rs in Experiment I; .39

and 038, 057 and .58 following 1 and 2 Rs in Experiment 110

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 Table 1 (p. 6) is reconstructed. Three replications

of the RTT sequence are available for Groups A, B, and C. The proportions

correct on T
l

and T
2

for these three replications for Group A were

.36, .30; .52, .56; and .82, ,82, The corresponding values for Group B

were ,48, ,42; ,70, .74; and ,88, ,74. For Group C the proportions were

,40, .36; .62, .64; and ,70, .72, There do not seem to be any signifi-

cant differences within the pairs of Tso Another study by Neimark

(1963b), however, showed some decrease in proportion correct (P(C))

from Tl to The p(C)'s of the first two Ts of the RTTTTTT

sequences for three different groups were .32, .24; .64, .56; and .64,

,58 (reconstructed from Table 1, Neimark, 1963b). Unfortunately a

significant test for these pairs is not ava.ilable, An experiment by

Estes", Hopkins j and Crothers (1960,9 Experiment r) involving single

replications of RTT and RRTT sequences did yield a significant decrease

in proportion correct from the first to the second tests.

studies reporting increases in correct response probability over

successive unreinforced tests have all involved designs or procedures

differing in major respects from those summarized above, Landauer (1962),

for example, reported a significant increase from the first to the second

of a pair of tests; however, in Landauer's study, there was an unrein-

forced recognition task between the two ,tests, on which the subject was

provided all the responses except those correct on Tl from which to

choose his answers. Peak and Deese (1937), Richardson (1958, 196o),

Goss, Morgan, and Galin (1959), and Goss, Nodine, Gregory, Taub, and

Kennedy (1962) have all been primarily interested in the function of
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extinction trials given after subjects reached a criterion of paired

associate acquisition under an anticipation procedure, The common result

is that the drop in level of correct responding which almost inevitably

occurs after a criterion run is followed by some recovery over a subse

quent series of unreinforced tests,

Artifacts associated with acquisition criteria 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 eee pairs, the proportion of correct responses increased

significantly, However, sO also did the proportion of overt errors; and

the increase in correct responding was shown to be primarily a matter of

an increasing tendency to repeat previously correct responses,

It is of special interest to note that in Butler and Peterson's

study the duration 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 tests, and in Experiment II the duration of a test trial

was 5 sec, In the present Experiment I, latencies of correct responses

were observed to decrease appreciably over a series of postcriterion

trials, Thus the possibility is suggested that once an association has

formed between the stimulus and response members of an item, so that the

subject recognizes the appropriate pairir~, 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. duration), then decreasing

latencies over a sequence of tests will necessarily be accompanied by an
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increase in the relative frequency' of recorded correct responses, How~

ever, when the duration of a test trial is greater than all or nearly

all of the initial latencies, decreases in correct response latency

entail no concomitant change in frequency measuresc

On the whole it seems reasonable to conclude that learning, in the

sense of a systematic increase in correct response probability, does

not occur on unreinforced test trials except under special circumstances.

Substant:Lal effects of this type evidently occur only when training on

a list of items is discontinued after associe,tive learning has occurred

but before response latencies have approached asymptotic levels, and

then only if the time allowed for responding on test trials is relatively

short, When test trials are imbedded in more complex training programs,

there appear to be no appreciable increases in coroc'ect response proba-

bility over successive tests which OCClU' without intervening reinforced

trials, Neither, under these conditions, does there seem to be any

substantial evidence of lee,rning in the sense of increased stereotypy

of whatever responses happen to occur on test trials,

By all odds the most significant result, both practically and

theoretically, of the present study is the clear demonstra.tion that

interspersed test trials in some manner potentiate the effects of rein

forced trials, Since the ordering of the four R~T conditions with

respect to various performance measures in both experiments is well

interpreted by the fluctuation model, we are inclined to conclude that

the function of interspersed T trials is primarily to modify the

probabilities that various components, or aspects, of a stimulus will

be sampled on R trials,
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According to the stimulus fluctuation model, the interposition of

T trials could produce such effects simply by virtue of the increased

temporal spacing of the R trials (Estes, 1955b)o On the assumption

that cues (or, more accurately, the subject's dispositions to perceive,

or sample, particular cues) fluctuate between active and inactive states

over time, increased time intervals 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 entailed by intervening Ts

from the effects, if any, of processes or activities occurring on the

T trials,

In view of the excellent quantitative account of the learning rates

in Experiment I by the fluctuation model, it seems reasonable to assume

that,the function of T trials in that situation was primarily to

modify the spacing of R trials, However, in Experiment II there were

some appreciable quantitative deviations from the pattern of parameter

values implied by the model. Considering also the increased opportunities

for such activity as rehearsal of correct responses resulting from the

substitution of spoken words for key-presses as responses, we are led

to surmise that under the conditions of Experiment II, T trials pro

vide opportunity for activities (as, for example, searching for mnemonic

aids) which modify stimulus sampling probabilities in other ways than

those expected simply as a function of time, Thus, although the manner

in which T trials influence the course of paired-associate 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

, --
R

l
R2 R3 I R4 R

5
R6 l7 R8 R

9 RIO Rn R12 R13 R14 R15 R16

Experiment I I ~
I

Condition 1 (RT) .908 .756 .652 .480 .380 .280 .224 .168 .108 .088 .096 ,,076

Condition 2 (RRT) .832 ·556 ·372 .236 .188 .n6 .100 .072

Experiment II I
Condition 1 (RT) .852 .496 .224 .120 .056 .036 .032 .012 .008 .004 .004 .004

Condition 2 (RRT) .612 .260 .104 .044 .016 .004 .000 .000
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