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Introduction

In the traditional paired associate learning experiment with

anticipation procedure, each response by the subject is followed by a paired,

presentation of the stimulus and correct response for the given item. The

paired presentation (reinforcement) provides information to the subject

and also,when it follows a correct response, may be conceived to function

as a reward (McGeoch and Irion, 1952). To facilitate analysis of the way

in which learning depends on these different aspects of the trial outcome,

the present study introduces the variable of differential reward magnitude.

The modified experimental situation involves a list of stimuli and

two alternative responses. For each stimulus a unique pair of reward values

is assigned to the two responses. By analogy with studies of differential

reward in simple trial and error learning, such as the T-maze or the

Thorndikian verbal learning situation, the natural procedure would be to

start the trial with the presentation of a stimulus, allow the subject to

choose one of the responses, and then to give the reward appropriate to the

response made. However, this :noncorrection procedure alone would not be

adequate to elucidate the effects of differential reward, for any function

of the reward as a satisfier or drive reducer is inextricably confounded

with its function as a source of information.

Since it is of theoretical interest to separate the informational and

satisfying functions of reward it is also desirable to separate the two

functions experimentally. The addition of a correction procedure offers a

way of obtaining the desired separation. With the correction procedure,

the subject's task is the same as for the choncorrection, but the' outcome



a trial consists in displaying both of the rewards associated with the given

stimulus, Thus, the subject sees not only the reward he received for the

response that he made, but also the reward that he could have obtained if

he had made the other response, If the effects of reward on human'learning

depend primarily on the information communicated, we should expect little

or no difference in learning rate among different reward combinations in

the case of the correction procedure. However, if the primary function of

a reward is that of a satisfier or drive-reducer, we should expect faster

learning the greater the reward provided for a "correct" response to a

given item. Also, there are grounds for expecting that with a fixed reward

value for the higher paying alternative, rate of learning should be faster

the greater the reward differential for the two responses to a given item.

When the inferior alternative is selected and the smaller reward received,

interpretations of extinction in terms of frustration, competing responses,

and possibly even conditioned inhibition would lead to the expectation that

the decremental effect of such an outcome on the low-reward response would

be greater the larger the differential between the reward received and the

one available for the other response.

With respect to more formal theoretical interpretations, we anticipated

that at least to a first approximation the data obtained under both

conditions might be handled either by the one-element pattern model (Bower,

1961) which has been successfully applied to numerous two-response paired

associate experiments by Bower and others or, in the case of the

noncorrection group, by a suitable modification of this model. For the

correction condition, it seemed quite possible that the model would describe
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the data for each of the reward combinations separately, the principal

point at issue being whether the parameter values would vary with the

reward values assigned to various individual items, For the noncorrection

condition, some new considerations arise which will be discussed in a later

section of the paper,

Finally, it appeared likely that, in addition to the usual record of

correct and incorrect responses, data on response times might prove

especially valuable in the present situation, Even if the associative

process should prove in some respects invariant under differences in reward

combinations, it would remain a possibility that performance, as measured

in terms of response speed, might vary systematically with reward magnitude,

Also, if the frequency data proved to conform to the all-or-none conception

embodied in the one-element model, it would be of especial interest to

determine whether the abrupt changes in state of learning prescribed by

that model would be accompanied by sharp changes in response speed,

Method

Subjects, Forty-eight non-psychology majors at Indiana University

were run during the summer semester of 1961, All Ss had previously been

in a probability learning experiment in the same laboratory, and were

familiar with the apparatus, payment procedures for participation, and the

numerical range of the point-values used as rewards,

Apparatus, An experimental room contained a booth, a projection

screen, and an air conditioner, The booth had two sides and a top, but

no front or back, A response panel was mounted at table-top height within



the booth. The projection screen stood approximately 7 ft. in front of the

S's chair. The stimulus which appeared on the screen was a single,

10-in. high, black letter on a white background.

The ~ was in an adjacent room which also contained apparatus to

present .stimuli and record response information. An IBM 526 summary punch

was used to read the stimulus information from IBM cards and to punch

response information into IBM cards. A series of relays and timing devices

stored and presented impulses at the appropriate intervals and controlled

a slide projector which was used to present the stimuli. A small window,

through which slides were projected, was located in the wall behind the

booth. Communication between the two rooms was provided by an intercom

system. See Friedman, et al. (1964) for a more complete description of

the apparatus and rOoms.

The ~'s panel was painted flat black and was 30 in. wide and 15 in.

high. It sloped away from the S at a 30-degree angle. Arranged in two

columns on each panel, 7 1/2 in. apart, were two numerical displays, two

event lights, and two response buttons. At the top of each column was a

digital display (Industrial Electronic Engineers Inc. Model 10052, lamp 1820)

which could illuminate a 7/8 in. high digit on a ground glass lens. Each

display was located 3 in. from the top of the board. An event light

(1/2 in. diameter, milk white, Dialco type 135) was situated 1 1/2 in.

below each display, and 2 in. below each event light was a response button

(1 in. diameter, black Micro-Switch type lPL1). A hand-rest board was

positioned approximately 7 1/2 in. from the response buttons and was on

a line centered between them.
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Procedure. A list of 25 items was constructed for each ~ by

assigning a unique letter of the alphabet (the stimulus member of the item)

to a unique pair of points. All letters were used except the letter I,

and the pairs of points were the 25 possible pairwise combinations of

numbers 1, 2, 4, 6, and 8. For each item, one member of the pair of

points was always associated with the lefthand button, and the other member

with the righthand button.

Instructions indicated that when each letter appeared on the screen

the S was to choose the button which would yield more points. All responses

yielded points, but for 20 of the 25 items one of the two responses yielded

a higher number of points than the other. The total number of points

accumulated by ~ was tallied automatically in the control room and shown

to S at the end of the experiment. It was made clear that the pay scale

increased as the total points received increased, and that ~ was counting

the number of points received on each trial. The amount of money earned

per hour ranged from $1.25 to $2.00 and was directly related to the number

of points earned in each session.

The sequence of events for each trial was as follows: (1) Stimulus

response interval: The stimulus member appeared on the screen. An

interval of 2.5 sec. was allowed for observing the stimulus and responding

by pushing one of the two response buttons. (2) Outcome interval: The

digital display above the button which was pushed displayed the number

of points received. The small white event light also was lighted during

this interval and indicated the side on which the response occurred. The

stimulus display remained on during the time the points were displayed,for 1 sec.

(3) Intertrial interval: All lights and stimuli went out for 1.75 sec·
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Experimental Design. Two independent groups of 24 §.S were run, one

with each of the following procedures. (1) Correction procedure: For this

group the number of points associated with each of the response buttons was

shown during the outcome interval. Although §. saw the values associated

with both responses he received only the points that went with the response

that he had made. This group received 20 complete presentations of the

list, i.e., 500 trials, in a 50-minute session. (2) Noncorrection procedure:

For this group only the number of points associated with the response that

S: had made was shown to S during the outcome interval. These Ss received

40 complete: presentations of the list, Le., 1000 trials, in two 50-minute

sessions with a 10-minute break between sessions.

The order of items within each presentation of the last was randomized

using the Rand tables. For each §. the assignment of letters to reward

combinations was accomplished by scrambling the slides on a table and

replacing them in the projector magazine. Ss were run in the order in which

they arrived in the laboratory, but were assigned to groups by means of a

random number table with the restriction that there be 24 §.S per group.

In order to eliminate bias due to hand preference, the left and right positions

'of the points for each item were counterbalanced within each group of Ss.

Results

Learning curves plotted in terms of mean errors per five-trial block

for the noncorrection group are presented in the two panels of Figure 1.

Each of the curves in the figure represents a particular payoff combination,

with the data for symmetrically equivalent items (e.g., 1-2 and 2-1) combined.

Only the items with unequal payoff combinations are included, and for each
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Fig. 1. Learning curves for the noncorrection group.

-6a-





Item an "error" Is defIned as a choIce of the alternatIve assocIated wIth

the smaller payoff. Each of the data poInts represents 240 observatIons

(5 trIals, 2 symmetrIcal combInatIons, 24 sUbjects).

The most general statement that can be made about the orderIng of the

mean error curves for the noncorrection condItIon Is that learnIng Is more

rapId the greater the dIfference between the poInt values assIgned to the

two alternatIve responses. CertaIn of the curves (e.g., that for the 6-8

combInatIon) appear to have leveled off at error probabIlItIes greater than

zero, apparently contradIctIng the assumptIon that human subjects wIll always

learn to choose the larger of two alternatIve rewards unIformly, gIven

suffIcIent practIce. Some elucIdation of this finding may be found in the

fact that in a few instances a subject settled on the unfavorable alternative

to a given item and continued making this response consistently, evidently

never discovering that the other response carried a higher payoff. In the

great majority of cases, subjects learned to prefer the higher paying

("correct") response to an item after a relatively small number of trials.

Using the occurrence of five consecutive choices of the favorable alternative

as a criterion of learnIng, we obtain estimates of the frequency with which

learning of the correct response occurred to each payoff combination, as

shown in the second column of Table 1. The instances in which learning

curves appear to have leveled off substantially above zero are precisely

those in which unusually large numbers of items failed to meet the learning

criterion; further, upon examInIng the protocols more closely in these

instances, it is found that for three cases in the 1-2 condition, five in

the 2-4 condition, three in the 4-6, and eIght in the 6-8, the incorrect

-7-





Table 1

Statistics for Unequal-point Items,

.Nonccr:rectclotl Procedure

P(E)
Total Trial of Alterna- P Before

Points N* E:rrors Last Error tions (E/E) Last E
-

M S.D. M S.D. M

12 42 5.24 4.13 10.24 7.96 5·95 .40 .47
14 46 5.43 4.49 10.17 7.89 5·50 .44 .49
16 48 4.96 4.72 8.25 7·12 4.31 .51 ·55
18 47 3.15 3.09 5.36 5.62 3.04 .40 ·51
24 41 6.76 6.06 11. 51 8.94 6.10 ·50 ·55
26 47 3·30 3.18 5.83 5.78 2.94 .48 ·50
28 48 3·27 4.06 5.27 6.66 2·71 ·51 .55
46 45 6.71 6.12 10·53 9.04 4.93 .60 .60
48 48 4.94 5·92 7·02 7.43 2.94 .65 .66
68 40 5.22 6.48 7·10 7·05 2.88 .67 .70

Total 452 4.85 5.09 8.05 7·72 4.09 .52 .56

\'

*Number of items meeting criterion of 5 consecutive correct responses.



response was made uniformly on all of the last ten trials of the series.

In Markovian terminology, the probabilistic learning process has ended in

absorption on the incorrect response, and, not surprisingly, the chances

of this occurring are relatively larger the greater the payoff value for

the less favorable alternative.

Other statistics for the unequal-point items of the noncorrection

condition which met the criterion of five consecutive correct are included

in Table 1. Total errors and tr:i.al to last error are self explanatory, and

the values of these statistics parallel the orderings of the mean learning

curves. By alternations is meant the frequency of alternation between

correct and incorrect responses. The alternation frequency is not as closely

related to the differences between the two payoffs for an item as one might

expect, but there is a distinct tendency for alternation frequency to be

high when the sum of the payoff values is low and for alternation frequency

to be low when the sum of the payoffs is high. The last two columns of

Table 1 give the relative frequencies with which an error on any trial is

followed by an error on the subsequent trial and the relative frequency of

errors during the portion of each protocol preceding the last error. Each

of these last two proportions should be expected to be near .5 if learning

occurs primarily on an all-or-none basis with choice probability remaining

at chance until an abrupt change to the "absorption state" occurs. The only

notable deviations from this picture occur in the case of the items with

the highest total point combinations, for which the proportion of errors

during the precriterion sequence is higher than would be expected on the

basis of chance alone.

-8-



\ i

A similar presentation of data for the unequal items is given in Figure 2

and Table 2 for the correction condition. In sharp contrast to the pattern

exhibited by the noncorrection group, we find in the correction case almost

no trace of any systematic relationship between rate of learning and payoff

values. There are no instances of absorption on the unfavorable alternative;

about 93% of the items meet the criterion for learning of the correct response

and in these instances, for all payoff combinations, error probability remains

near chance during the precriterion sequence. The only hint of any orderly

relationship between learning rate and point value is found if we examine

the various statistics in relation to the number of points associated with

the less favorable alternative for each item. Mean total errors, trial of

the last error, and alternations all decrease slightly as the point value of

the less favorable alternative increases. Because this relationship appeared

most consistent for the total error statistic, an analysis of variance was

run, with the four "treatment" groups being defined by the point value of

the smaller alternative; the F value obtained was only .53 with 3 and 69

degrees of freedom.

In the case of the equal point items (1-1, 2-2, etc.) it might seem at

first thought that no learning in the usual sense could be expected.

Nonetheless, protocols for these items are strikingly snmilar to the protocols

for unequal point items. That is, a typical protocol begins with alternations

between the two alternative responses and ends with a long succession of

occurrences of one response or the other. To permit analysis of these

systematic changes in response probability over trials, the following convention

was adopted: for each item the response more frequently made over the entire

series of trials was defined as the correct response for that item by that
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subject and the other alternative was defined as the incorrect response. Once

the correct response for an item had been so determined, the analysis proceeded

in the same way as described above for unequal point items. The learning

curves in terms of mean "error" frequency for a five-trial block are given

for both correction and noncorrection groups in Figure 3 and the other summary

statistics in Table 3. The principal qualitative observation to be made is

that the percentage of items meeting criterion (approximately 90 for each

condition), the rate of learning, and characteristics of precriterion responding

are remarkably similar for equal and unequal items. Within the noncorrection

condition, absorption on one alternative occurs earlier and following fewer

alternations for the items carrying higher point values. Within the correction

condition, there is little differentiation among the different combinations

except that learning was slightly slower for the 8-8 combination. Under both

procedures error frequency remained very close to chance during the portion

of the protocol preceding the last error.

Although it is clear from Tables 1-3 that overall proportions of correct

responding in precriterion portions of the protocols are near chance under

all conditions, there is interest also in determining whether these proportions

exhibit any significant trends over precriterion trials. The type of analysis

which is most likely to be free of.bisses from item selection (see Suppes and

Ginsberg, 1963) is one in which the precriterion trials fOr each protocol are

divided into Vincent quartiles. Proportions of correct responses per

precriterion quartile are given for pooled equal and pooled unequal items

for each procedure in.Table 4. The general picture appears to be one of

a slight upward trend in correct responding over the precriterion sequence

but with the proportion even in the final precriterion quartile not being
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Table 2

Statistics for Unequal-Point Items,

Correction Procedure

prE)
Total Trial of Alterna- P Before

Points Errors Last Error tions (E!E) Last E

M SeDo M S.D. M

12 45 2·53 2·53 4.13 4.05 2.36 .45 .54
14 44 3·07 2.52 4.89 4.45 2·75 .46 .55
16 45 2.93 2.51 4.69 4.08 2·53 .48 ·55
18 46 2.13 2.05 3.46 3.42 1.98 .43 ·51
24 44 2.18 1.95 3·30 3.10 1.98 .43 .56
26 45 2.13 1.83 3.67 3.58 2.20 .35 .47
28 46 2.41 2.31 3·93 3.82 2.24 .42 .52
46 44 2.11 1.73 3·09 2·52 1.77 .47 .58
48 45 1.84 1.86 2.93 3.46 1.73 .40 .51
68 44 2.07 1.63 2.84 2.42 1.84 .40 .61

Total 448 2.34 2.15 3.69 3.61 2.14 .43 .54

*Number of items meeting criterion of 5 consecutive correct responses.

-lOb-·



CORRECTION

Points

40

o I I I =.,.e,e I I I I I I

1 2 3 4 5 6

01-1
.2-2
64-4
66-6
x8-8

321

Cf.l 30
P:<
0
P:<
P:<
1"1

I ""'.f-' 0
·0 20
" ""I 0

H
E-i
P:<
0
flo
0
§j 10

Block of 5 Trials

Fig. 3. Learning curves for equal items meeting criterion. The terminal blocks are omitted owing
to lack of data.



Table 3

Statistics for Equal-Point Items

Correction' Procedure

*
prE)

Points N Total Trial of Alterna- P Before
Errors Last Error tions (E/E) Last E

M S.D. M S.D. /.!

11 22 2.32 2.46 3.82 3·13 2.05 .45 .49
22 22 1.91 2.15 2.82 2.84 1.41 .52 ·59
44 20 1.80 2.11 3.30 3.85 1.85 ·39 .43
66 24 2.04 1.90 3.04 2.89 1.92 ·39 .56
88 21 2.95 2.89 4.95 5.03 2.67 .48 .53

Total 109 2.20 2.35 3·57 3.69 1.97 .45 ·52

Noneorrection Procedure

11 17 7.47 5.10 14.59 9.68 8.82 ·39 .48
22 21 8.14 5.08 15.76 10.58 8.86 .43 .49
44 24 4.58 4.59 8.71 7·99 4.96 .42 .47
66 23 3.48 5.56 5.26 7·77 2.78 .54 .61
88 24 4.08 5.81 6.67 8.73 3.08 .58 ·57

Total 109 5.38 5.57 9.81 9.85 5.44 .46 .51

*Number of items meeting criterion of 5 consecutive correct responses.
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Table 4

Precriterion Stationarity in Terms of Proportion Correct

per Vincent Quartile

Unequal Items Equal Items

Quartile Noncorr" Corro . Noncorr .. Carr.

1 .39 .47 .49 .47

2 .38 .45 .44 .46

3 .45 .43 ·55 .34

4 .53 ·57 ·53 .51
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much above .5. It seems likely that the upturn in the final quartile owes

to the fact that some subjects in the .final state have success probabilities

slightly short of unity; a few instances of subjects who are in the terminal

state but make an error before completing the full criterion run of five

consecutive correct responses would contaminate the estimate for the final

quartile.

Since details of the precriterion data are of special interest with

respect to models for paired associate learning (see for example, Bower, 1962;

Estes, 1964; Suppes and Ginsberg, 1963), a number of other relevant analyses

are presented in Tables 5-8. In each case, in order to obtain reasonable

numbers of observations, the data for each condition have been pooled over

various payoff combinations. If learning occurs on an all-or-none basis,

each protocol should begin with a mixture of successes and failures, followed,

when the subject leaves the guessing state, by a sequence of correct responses

(perhaps occasionally, in real life, interspersed with occasional "careless"

errors). During the portion of the protocol prior to the final uniform

sequence of correct responses, the mean lengths of successive runs of errors

should be approximately constant and the same should be true for successive

runs of successes. Conversely, if learning proceeds by a gradual change in

probability of correct responding, the error runs should become progressively

shorter and success runs progressively longer during the precriterionsequence.

Further, if either the after effects of correct responses or those of

incorrect responses should.produce any gradual changes in response probability,

these should be reflected in progressive changes in lengths of the success

runs :or error runs" respectively.
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Data on mean lengths of error runs are given for both noncorrection and

correction conditions and for unequal and equal items separately in Table 5

and similar statistics of success runs in Table 6. Referring to Table 5

first, it may be seen that for the unequal items there is a modest but

systematic tendency for length of error runs to decrease over the precriterion

sequence. The trend is rather larger for the noncorrection procedure, as

might be expected, since it is impossible for the subject to gain information

about both the larger and smaller payoffs associated with any given item on

a single trial. For the correction condition there is the same amount of

information to be learned concerning each item, but in that case it is

possible for both stimulus-response-payoff relationships to be learned on a

single trial. Somewhat in contrast to the result for error runs, Table 6

exhibits relative constancy of mean lengths of successive success runs for

both types of items and both conditions. These data provide nO support

for the idea that satisfying after effects of correct responses produce

any strengthening effect on the associations involved. Rather, it appears

more parsimonious to conclude that no learning occurs on precriterion

success trials.

If the small but systematic deviations from stationarity in thecasecD£

the error statistics are due primarily to the fact that two separate items

of information have to be learned in connection with each item, then we might

expect a closer approximation to stationarity on trials between the first

success and the last error since in many, perhaps most, cases one of the

associations would have been learned by the trial of the first success. This

supposition seems to be borne out by the data exhibited in Table 7. Under
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Table 5

Mean Lengths of Error Runs

Unequal Items

Ordinal no. . Noncorrection Correction

of run Mean Freq. Mean Freq.

1 2.38 386 1.87 348

2 2.02 269 1.61 163

3 1.86 164 1.67 58

4 1.79 99 1.48 21

Equal Items

1

2

3

1.96

1.97

1.90

83

60

39

1.99

1.42

1. 53

77

33

15



Table 6

Mean Lengths of Success Runs

Unequal Items

Noncorreci,i 0n Correction
Ordinal no.

of run Mean Freq. Mean Freq.

1 1.79 317 1.73 216

2 1.83 197 1. 56 93

3 1. 79 122 1. 76 38

4 1.77 77 1.40 10

Equal Items

1

2

3

1.92

1.71
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Table 7

Proportion Correct on Trials between

First Success and Last Error

Correction

Trial Unequal Items Equal Items

P(C) N P(C) N

1 ·555 182 .644 45
2 .534 148 ·500 34
3 .416 113 .518 29

Noncorrection

1 ·530 285 .574 68
2 .550 251 ·509 57
3 .498 221 .462 52
4 .443 192 .490 49
5 .494 170 ·532 47
6 .464 153 .381 42

7 .438 137 ·590 39
8 .443 122 .500 36



Table 8

Distribution of Error Frequencies in Precriterion Blocks

Unequal Items Equal Items

(4-trial blocks) ('lrtrial blocks)

Noncorr. Corr. Noncorr. Corr.

Freq. Obs. Th. Obs. Th. Obs. Th. Obs. Th.

0 23 22 10 11 2 11 4 2

1 149 120 53 49 61 47 12 11

2 228 243 81 82 76 73 16 20

3 156 219 57 61 41 51 15 16

4 121 ,74 20 17 16 13 8 5

56.0 1.20

-12d-' ,
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neither condition nor for either type of item (equal and unequal point) is

ther~ any tendency manifest for success probabilities to increase over this

portion of the precriterion sequence.

If the general course of learning is for each item to shift on some

critical trial from an unlearned state in which responses occur through

random guessing into a learned state in which correct responding has

probability of approximately unity, then during the precriteriOn portion of

each protocol we should observe not only stationarity of the error probability

over trials but also an essentially random sequence of successes and errors.

To check on this character of the precriterion data we exhibit in Table 8

an analysis suggested by Suppes and Ginsberg (1963), namely the distribution

of error frequencies in nonoverlapping blocks of precriterion trials. To

generate this table, each~criterionprotocol was marked off into successive

four-trial blocks and the frequency of errors in each four-trial block

tabulated. In the table are given for each type of item in each condition

the observed frequencies of errors for all usable trial blocks together

with the theoretical values generated from a binomial distribution with a

mean equal to the observed mean. For both types of items under the correction

condition the agreement between the observed distributions and the corresponding

binomial distributions is exceptionally close, the X2 ,s being far from

significant. The disparities are not very large even for the noncorrection

procedure with the equal items but become substantial and significant for

the noncorrection procedure with unequal items. The nature of the disparities

in this last case is that there is too much perseveration of both correct

responses and errors from trial to trial, a result which is not unexpected
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in light of previous analyses showing tendencies for subjects to become

fixated on incorrect responses in the unequal noncorrection condition

especially when the pair of payoffs for an item is such that even the

smaller value is relatively large.

Learning curves for latencies, platted in terms of mean latency per

trial for correct and incorrect responses considered separately are given

in Figure 4 for the noncorrection group and in Figure 5 for the correction

group. The principal trends are in many respects about what one might

expect by analogy with such situations as the T-maze. Latencies of correct

responses decrease somewhat over trials and approach slightly lower terminal

levels for the correction than for the noncorrection procedure. Error

latencies are uniformly higher on the average than correct response

latencies and, although with considerable fluctuation owing to the lower

frequencies of errors, the error latencies remain relatively constant over

trials. Recalling, however, that the frequency analysis yielded considerable

evidence that items are in distinctly different states of learning in the

pre and postcriterion portions of each sequence, we are led to inquire

whether any important effects may be masked by the overall curves of

Figures 4 and 5.

Evidence pertaining to this point is exhibited in Table 9 for the

noncorrection and Table 10 for the correction condition. In these tables

mean latencies are given for pre and postcriterion portions of the data

separately, the postcriterion trial for each sequence being renumbered so

that the first trial following the criterion run of five consecutive correct

responses is numbered 1, and so on (means being included only for trials on

which 20 or more observations are available). The picture that emerges is
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Table 9

Mean Latency of Corre?t and Error

Responses for the Noncorrection Group

Unequal Equal

Precriterion Postcriterion Precriterion Postcriterion

Trial· C E C E C E C E

1 1.35 1.31 1.29 1. 52 1.33 1.42 1.31

2 1.42 1.39 1.32 1. 52 1.41 1.44 1.30

3 1.45 1.34 1.30 1. 57 1.36 1.47 1.26

4 1.37 1.38 1.31 1. 50 1.36 1.45 1.28

5 1.39 1.38 1.31 1.60 1.40 1. 55 1.26

6 1.48 1.40 1.28 1. 50 1.48 1.34 1.25

T 1.45 1.37 1.30 1. 51 1. 55 1.41 1.28

8 1.40 1.40 1.28 1.61 1. 50 1.29

9 1.40 1.38 1.32 1.39 '- 1.40 1.30

10 1.47 1.42 1.30 1.48 1.25

11 1. 56 1.39 1.29 1.37 1.24

12 1.37 1.39 1.28 1.28

13 1. 55 1.48 1.29 1.23

14 1.45 1.46 1.31 1.27

15 1.45 1.37 1.29 1.26

16 1.42 1.40 1.30 1.30

17 1.33 1.42 1.30 1.25

18 1.47 1.31 1.29 1.26

19 1.29 1.31 1.24

'20 1. 52 1.42 1.31 1.28



Table 10

Mean Latency of Correct and Error

Responses for the Correction Group

Unequal Equal

Precriterion Postcriterion Precriterion Postcriterion

Trial C E C E C E C E

1 1.45 1.34 1.30 1. 59 1.44 1.39 1.32

2 1.37 1.44 1.30 1. 51 1.48 1.48 1.32

3 1.43 1.41 1.29 1. 50 1.45 1.41 1.33

4 1.43 1. 55 1.29 1.41 1.33 1.30

5 1. 56 1. 53 1.28 1.80 1.32

6 1. 53 1. 57 1.25 1.24

7 1.60 1.61 1.26 1.32

8 1.66 1. 55 1.24 1.31

9 1.22 1.23

10 1.20 1.23

11 1.23 1.21

12 1.22 1.23

13 1.22 1.19

14 1.19 1.22

15 1.25 1.18



indeed quite different from that of the overall mean curves. On the

precriterion trials, correct and error latencies are very close .together

and both tend to increase slightly over precriterion trials. The close

agreement of the correct and error latencies in this portion of the data

fits nicely with the conclusion suggested by the frequency analysis that

prior to the criterion, items are in an unlearned state with correct and

error responses occurring at random. The increase in mean latencies over

the precriterion sequence may well be merely a matter of item selection;

on the assumption that latency is related to difficulty of the items, an

increasing trend might be expected in view of the fact that on the later

precriterion trials the more difficult items will be relatively more

heavily represented.

During postcriterion trials, for the noncorrection condition, latencies

of correct responses are strikingly constant over trials; error latencies,

occurring only for the unequal items, are uniformly higher but also relatively

constant. The suggestion clearly emerges that the overall trend toward

decreasing latencies of correct responses exhibited in Figure 4 is primarily

a matter of items shifting from the precriterion to the postcriterion state,

the latency distribution for the precriterion state having a mean 100 to

200 msecs. higher than the distribution for the postcriterion state. For

the correct~on condition, data shown in Table 10 yield a rather similar

picture except that there is a slight but consistent decrease in correct

response latencies during postcriterion trials.

Finally, we consider the breakdown of latencies according to the

point value combinations for the different types of items and the two

conditions. In Table 11 the mean latencies are given for correct and error
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Table 11

Mean Latency of Correct and Error Responses

by Point Combinations for the Noncorrection Group

UNEQUAL Block 1 Block 4

Points C E C

Freq. Lat. Freq. Lat. Freq. Lat.

12 322 1.42 157 1.45 392 1.40

14 362 1.38 173 1.42 442 1.34

16 417 1.36 166 1.41 465 1.30

18 443 1.34 120 1.32 465 1.30

24 314 1.41 179 1.42 382 1.36

26 423 1.36 134 1.30 457 1.32

28 446 1.29 127 1.35 471 1.30

46 349 1.38 189 1.37 444 1.30

48 415 1.31 164 1.39 471 1.27

68 323 1.28 142 1.34 395 1.26

EQUAL

Points

11 84 1.47 66 1. 51 135 1.33

22 114 1.35 83 1. 50 165 1.31

44 158 1.36 82 1. 50 197 1.35
66 182 1.32 46 1.38 204 1.27

88 175 1.30 51 1.36 225 1.22
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latencies separately for the first ten-trial block and, for correct responses

only (there being very few errors), for the fourth ten-trial block in the

case of the noncorrection condition. Similar statistics are given for the

first and second ten-trial blocks for the correction condition in Table 12.

For the nonco~rection condition clear and substantial relationships

emerge between mean latency and point values, the principal trends being

for latency to decrease as the higher payoff of the pair increases and, when

the higher payoff is held constant, to decrease as the sum of the payoffs

for an item increases. For the correction condition the trends are much

weaker with the only one apparent being a slight tendency for latencies to

decrease as the sum of the payoffs for an item increases. On the Whole, the

picture seems quite favorable to an interpretation of learning in this

situation in terms of the conditioning of approach and avoidance tendencies

along much the same lines as that assumed to characterize simple trial

and error learning in such situations as the T-maze. There is little

encouragement for a picture of the subjects operating in the raanner of

decision theorists with longer latencies reflecting the more difficult

decision problems; in Table 11, for example, we find lower latencies for

correct responses on a 6-8 item than on a 1-8 and in the equal category lower

latencies for the 8-8 than for the 1-1 or 2-2. Evidently the approach

tendencies evoked by higher payoffs become conditioned and lead to lower

latencies but there is no indication that "approach-approach conflict"

arises when both responses to an item carry high payoffs.

In view of the suggestion which was made earlier that some of the trends

in the overall analysis might reflect differential latencies associated with

differential difficulty of items, we give finally in Table 13 a latency analysis
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Table 12

Mean Latency of Correct and Error Responses

by Point Combinations for the Correction Group

UNEQUAL Block 1 Block 2

Points C E C

Freq. Lat. Freq. Lat. Freq. Lat.

12 337 1.36 104. 1. 53 4.27 1.31

14 .319 1.38 125 1.4.7 4.27 1.31

16 321 1.37 107 1. 52 4.36 1.28

18 361 1.36 96 1.39 4.48 1.29

24. 344. 1.33 91 1. 51 433 1.26

26 352 1.31 96 1.4.6 4.28 1.27

28 354. 1.32 100 1.47 4.43 1.24.

4.6 34.5 1.37 101 1.4.3 4.25 1.32

4.8 365 1.32 81 1.47 442 1.26

68 343 1.31 85 1.39 430 1.22

EQUAL

Points

11 166 1.36 47 1.49 201 1.28

22 173 1.35 47 1. 52 204 1.31

44 161 1.32 37 1.38 190 1.33

66 178 1.34 50 1.41 199 1.29

88 158 1.29 50 1.37 191 1.29
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Table 13

. Mean Latency of Correct and Error ':Responses

by Point Combinations for Difficult Items

EQUAL
Points

11 6 1. 53 8 1.72 51 1.48 49 1. 51

22 0 0 62 1.42 66 1. 52

44 13 1. 50 17 1.40 41 1.46 39 1. 50

66 0 0 12 1.35 18 1.23

88 28 1.38 22 1.24 23 1.54 27 1.29
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similar to that of Table 11 and 12 but restricted to the more difficult items,

specifically those for which the last error occurred on or after trial 10.

Thus,this table includes latencies only for precriterion data of the more

difficult items. The principal result of this subsidiary analysis is to

show that for this portion of the data the trends exhibited in the two preceding

tables are in general accentuated. In particular, the difficult items for

the correction procedure show the same tendency for latency to decrease with

increasing payoff values that was seen previously in the full data for the

noncorrection procedure. On the other hand, there are no substantial or

consistent differences between correct and error latencies in these data,

again supporting the conclusion emerging from earlier analyses that in the

precriterion portion of each sequence items are in the same state of learning

regardless of the point values. Nonetheless, even when items are in the

unlearned state, response times are lower when the payoffs are higher,

suggesting that approach and avoidance tendencies become conditioned to the

stimuli somewhat independently of the formation of specific learned associations

between the stimuli and specific outcomes. Put differently, learning that

an item carries a high payoff and learning which alternative leads to the

higher payoff are independent processes which can be separated by a suitable

analyses of the combined latency and frequency data.

Theoretical Analyses

One-element analysis of learning of unequal items. In the case of the

correction procedure and unequal items, the situation for the subjects in

this experiment was not greatly different from that of ordinary paired-associate

learning experiments with two alternative responses per item. Thus, although
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the total situation was somewhat complex in the present instance, so that

there may well be a bit more "noise" in the data than in some of the experiments

reported by Bower (1961, 1962), we might expect that the course of learning

would be approximately that prescribed by the one-element all-or-none model.

The assumptions of the model are, as interpreted in terms of the present

situation, that each item begins in a guessing state in which the two

alternative responses occur at random with equal probabilities, that the

item remains in this state until the trial on which learning occurs, that

there is some constant probability c that learning .will occur on each

reinforced trial, and that following learning of a given item correct responses

occur uniformly throughout the remainder of the sequence (Atkinson and Estes,

1964; Bower, 1961; Estes, 1964). It will be recognized that the pattern of

results described in preceding sections agrees reasonably well with the

picture implied by these assumptions on a qualitative level, despite some

relatively small second-order disparities (as, for example, the small rise

in the Vincent curves for precriterion correct responding during the fourth

quartile of the precriterion sequence).

Since for the unequal items run with the correction procedure there

were no appreciable differences among different payoff combinations with

respect to such statistics as total errors and trial of the last error,

the data for the various payoff conditions have been pooled for purposes of

a more detailed application of the one-element model. Following the customary

procedure, the conditioning parameter c was estimated from the mean total

errors, proving to be .214 for this condition, and then the predicted learning

curve in terms of proportion of errors per trial was calculated as well as

other statistics of the data such as standard deviation of total errors, mean
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and standard deviation of trial of the last error, etc. The mean learning

curve is compared with the theoretical curve in Figure 6 and the observed

and theoretical values of various other statistics are listed in Table 14.

The outcome of this analysis, as in the case of previous studies of simple

paired-associate learning with two response alternatives, is that the

assumptions of the model together with the single estimated parameter account

for many of the detailed properties of the data.

For the equal items run under the correction procedure the theoretical

analysis is a bit more complicated. We might expect that the association

between the stimulus and the pair of payoffs for each of these items would

be learned in essentially the same manner as the corresponding associations

for the unequal items. However, in the case of the equal items it is not

clear from a priori considerations how the subject's behavior should change

when the association is learned, for neither the nature of the task nor

specific instructions dictated any uniform mode of behavior for items on

which the payoffs were equal for the two responses. In the absence of any

other prescribed course of action, we might expect, by analogy with results

on effects of blank trials in probability learning (Estes, 1964) that in

many cases subjects would settle on the simple strategy of making one or the

other of the two responses uniformly to each of the equal items once the

payoffs had been learned. The protocols for the equal conditions suggest

that such was the case; if we denote the more frequent response in each

protocol as a II success II and the less frequent as an "error fl
, the frequency

of errors, so defined, decreases over trials in much the same manner as do

errors in the case of the unequal items. In fact, with successes and errors

defined in this way, application of the one-element model to the pooled data

-19-





Table 14

Observed Statistics and One-element Model

*Predictions for Unequal-Point Items

Correction Noncorrection

Obs. Pred. Obs. Pred.

~ .. 214 .103
Mean Total errors 2.34 4.85
S.D. 2.15 2.34 5·09 4.85
Mean Trial of last error 3.68 3.86 8.05 8.80
S.D. 3.61 4.17 7·73 9·19
Mean Number of
Alternations 2.14 2.34 4.09 4.85

Mean Successes between
adjacent errors .58 .65 .66 .81
S.D. .94 1.03 1.06 1.21

Mean autocorrfrration between
Kth and K -I' J ·..trial

J = 1 1.01 ·92 2.15 2.18
J = 2 ·77 ·72 1.96 1.95
J = 3 .60 .57 1.80 1.75
J = 4 .45 .45 1.61 1. 57
J= 5 .33 .35 1. 54 1.41
J = 6 .23 .28 1.35 1.26

Mean errors before the
Kth success

K = 1 .96 .82 1.40 ·91
K = 2 1.42 1.36 2.14 1.64
K = 3 1. 78 1.70 2.80 2.24

Mean number of J-tuples of
errors

J = 1 2.34 2.34 4.85 4.85
J = 2 1.01 ·92 2.53 2.18
J = 3 .47 .36 1. 56 .98
J = 4 .21 .14 1.07 .44
J = 5 .07 .06 ·77 .20
J = 6 .02 .02 ·57 .09

-19a-



Table 14 (page 2)

Correction Noncorrection

Oba. Pred. Oba. Pred.

Mean number of runs of
errors (of length J

J~ 1 .79 .86 1.34 1.48
J~ 2 .28 .34 .49 .66
J ~ 3 .12 .13 .19 .30
J ~ 4 .09 .05 .11 .13

Mean number of runs of errors 1.33 1.42 2·32 2.68

* Only items which met a criterion of 5 consecutive correct responses
were included.
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for the equal items yields a fit nearly as good as that for the unequal items

and with a virtually identical value of the conditioning parameter c

Further, as indicated in the previous section, the characteristics of

precriterior responding (the criterion now being five consecutive "successes")

are in very good agreement with predictions from the one-element model. The

only substantial deviation from the model occurs in the case of postcriterion,
responding. For the equal items the proportion of "successes" on postcriterion

trials is only .88 as compared to a corresponding figure of .98 for unequal

items.

All of the available evidence is, then, in agreement with the notion

that learning of stimulus-outcome associations occurred for the equal items

in the same fashion as for the unequal items, that learning occurred on an

all-or-none basis in accordance with the assumptions of the one-element

learning model, but that postcriterion responding was not as uniform as

in the case of the ,unequal items.

There is nO reason to expect the course of learning to have entirely

the same properties in the case of a noncorrection procedure, since only

incomplete information is available to the subject on each trial and, in

general, associations between the stimulus and each of the outcomes associated

with a given item must be learned (on different trials) before the learning

of a given item is complete. Nonetheless, for purposes of comparison the

one-element analysis was also applied to the unequal items run with the

noncorrection procedure, the results being included in Figure 6 and Table 14.

Even here, the fit is not bad by ordinary standards, but it can be seen that

there are a number of deviations between predicted and observed values
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considerably larger than any occurring for the correction condition. In

particular, the statistics of Table 14 reflect the tendency already noted

for excessively long runs of responses to occur under the noncorrection

condition; for example, mean numbers of errors befOre the first, second,

and third successes are considerably too large, and the mean number Of

alternations of success and failure is substantially smaller than predicted

by the model. As might have been anticipated on the basis of the considerations

advanced in an earlier section, the tendency for excessively long runs under

the noncorrection procedure applies primarily to errors (arising, presumably,

from an excessive tendency to make repeatedly a response yielding an

unfavorable though relatively high payoff before both payoffs associated

with a given item have been learned). On the other hand, runs of successes

during precriterion responding are shorter than predicted. The pattern of

discrepanCies suggests the desirability of seeking to formulate a model for

the noncorrection condition which will have properties similar to the

one-element model except that allowance should be made for the learning of

two independent elements of information in relation to each individual item.

A number of models which embody these ideas in slightly different ways

have been formulated and examined in some detail by two of the authors

(M.G. and W.K.E). The one which appears most promising upon initial

application to the present data can be summarized in terms of the following

transition matriz

1

T =
cCt

c~

o

0 0 0

l-cCt 0 0

0 l-c~ 0

c c
l-c2 2
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The rows of the matrix from bottom to top (and the columns from right to left)

correspond to the four states of learning among which transitions are

assumed to occur during the course of an experiment with the noncorrection

procedure. The first state is the one obtaining at the beginning of the

experiment, in which each of the two responses to each item is assumed to

have probability 1 On each trial when the subject is in this state there2'
is probability 1 - c of remaining and probability c that learning

occurs, taking the system into either the second or the third state. In

the second state the subject has learned the stimulus-response-outcome

association involving the lower of the two payoffs and in the third state

he has learned only the stimulus-response-outcome association involving

the higher of the two payoffs. Thus from the initial state the subject can

go into the second state only on a trial on which the lower payoff is

received and can go into the third state only on a trial On which the higher

payoff is received.

The response rules associated with the two intermediate states are

somewhat more complex than any that occur in conjunction with experiments

run under a correction procedure. For, if the subject has learned that

a payoff of, say, six points is associated with· one of the two possible

responses to a given stimulus, it is not clear whether the best strategy

is for him to make that response on each subsequent recurrence of the

stimulus in order to obtain at least the (better than average) payoff of

six points per trial or to try the other response in order to make sure

that it does not carry a still higher payoff of eight points. It is

reasonable to expect that when the subject has learned only that one of

the resposes to .an item carries the lowest possible payoff, one unit, he
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will always try the other response at the next opportunity; that when he

has learned only that one of the alternatives carries the highest possible

payoff, eight units, he will make that response uniformly on subsequent

occurrences of the stimulus; and that for intermediate states involving

other payoffs his tendencies to stay with the known payoff and explore the

unknown one will be related to the value of the known payoff.'

To represent these notions formally we associate with each of the two

intermediate states a parameter representing the approach or avoidance

tendency associated with the payoff which has beeillearned. ,For Btate 2 this

parameter is ~ and it may be interpreted as the probability that the

subject, having learned the stimulus-response-outcome association involving

the smaller of the two payoffs for an item will depart from that response

and make the alternative on any trial so long as he remains in the state.

Similarly a represents the probability that a subject in state 3, having

learned the association involving the higher payoff, will nevertheless depart

from that response and explore the alternative. The fourth state is the

terminal one in which the subject has learned both of the payoffs associated

with the given item and subsequ~ntly makes always the response carrying the

higher payoff value. Clearly, a transition from state 2 or state 3 to

state 4 can occur only on a trial on which the subject makes the response

associated with the as yet unlearned payoff. Thus transitions from state 2

to state 4 occur only on "success" trials and transitions from state 3 to

state 4 only on "error" trials. About the parameters a and ~ we assume

the following: when the higher payoff is the largest possible, eight points

in the present experiment, a response known to yield that outcome is always

made and the corresponding a value is zero. When the outcome known to be
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associated with the particular response is the lowest possible, in the

present experiment One point, that response is always rejected and thus the

val~e of ~ associated with the corresponding state is unity. For

intermediate payoff values it is assumed that the values of a and ~ are

roughly proportional to the true probabilities that failure to accept a

known payoff of a given value will yield a larger payoff on the alternative

response. Since, in the present experiment, the subjects would have had

to learn these probabilities during the course of the expe~iment, it is not

feasible to attempt to predict in advance the values of a and ~ that

would obtain for each of the intermediate states on each trial. For purposes

of preliminary application of the model to our data what we have done is to

estimate values for the parameters associated with the three intermediate

payoffs and then use these to predict statistics for all of the payoff

combinations.

For purposes of this report we limit ourselves to an evaluation of

the adequacy of the model just outlined for the purpose of predicting the

ordering of the various payOff combinations with respect to total errors

over the forty-trial sequence. By standard methods (see, for example,

Atkinson and Estes, 1963) the nth power of the transition matrix may be

used to generate a function for the probability of an error on any trial,

which proves to be

q ~

n ( )n-l ( )n-l[ 1 - ca - 1 - c ] +

Summing this last expression over a block of N trials yields, finally,

the following expression for mean total errors
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T (N) = l:..l'-l+.B -
E 2c 13

N(1- cl3)
13

N
(1 - cal
l-a + a(l - c )N ]

l-a .

For the present experiment we take N equal to 40. The value of the

learning parameter c can be estimated from total errors in the 8-1

condition, and when this is done the value obtained is .11. However, we can

seek to predict the value of the conditioning parameter from the data of

the correction group. If we note that in terms of the general theory we

have outlined the principal difference between the conditions obtaining for

the correction group on any unequal item and the noncorrection group for

an item with an 8-1 payoff combination is that for a correction subject it

is possible to learn both of the payoff values associated with a stimulus

on a single trial whereas for a noncorrection subject this learning required

at least two trials. If we represent by c' the probability that an

association between the stimulus and anyone displayed payoff is learned

on a single trial, then for a subject who begins a trial in the unlearned

state under the correction procedure, the probability that at least one of

the associations will be formed on a given trial is, on the assumption

that the conditioning processes are independent, given by 2
c' + c Y

- c y
0

For a corresponding subject in the noncorrection condition, the probability

that an association between the stimulus and the outcome that occurs would

form on anyone trial should be equal simply to c'. Thus, if we take the

value of the conditioning parameter c of the one-element model estimated

for the noncorrection group, and set this equal to the quantity 2c'

and solve for c' we should obtain a prediction of the value of the

conditioning parameter for the noncorrection group. Going through the

necessary calculations with our data we arrive at a value of .1135 as the
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predicted conditioning parameter for the noncorrection group, in rather

pleasing agreement with the value of .1124 estimated directly from the data

of the noncorrection group. The theoretical value of total errors for the

8-1 conditi.on shown in Table 15 is based on this latter calculation.

The same value of the conditioning parameter was assumed to hold for

all of the payoff combinations and estimates of the parameters a and ~

associated with the intermediate payoff values of 2, 4 and 6 were estimated

simply by a rough scanning procedure in which values of total errors were

computed for various pairs of a and ~ values running in each case in

steps of .1 from .1 to .90 The estimates of the shift parameter (a when

the given payoff is the larger and ~ when it is the smaller) selected by

means of this scanning procedure were .9 for the two point payoff, .8 for

the four point payoff and .2 for the six point payoff. As might have been

anticipated on the basis of previous studies of behavior in betting situations

and the like, our subjects tend to be somewhat more ready to accept an above

average payoff and somewhat more ready to reject a below average payoff

than objective prObabilities would dictate. In any event, using these

estimates we computed the theoretical values of total errors for all payoff

combinations, which are shown in Table 15 together with the observed values.

The correspondence between predicted and observed ranks appears reasonably

promising.

For the equal items run with the noncorrection procedure, there again

arises the difficulty that the experimental instructions prescribed no uniform

course of action for the subject once he has learned both of the payoffs

associated with the given stimulus. On the whole, properties of the protocols

appear on inspection to be roughly similar for the equal and unequal items,
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Table 15

Observed and Theoretical Total Errors (all trials)

for,Unequal Items on Noncorrection Procedure

T Tth . Rank b Rankth .
Payoffs obs. o s.

8-1 4.41 4.4r:* 9 10

8-2 4.25 4.87 10 9

8-4 5.64 5.43 7 8

8-6 11.40 13.28 2 1

2-1 11.19 8.57 3 3

4··1 8.60 8.50 5 4

6~1 6.19 6.63 6 7

4-2 12.56 8.96 1 2

6-2 5·52 7·09 8 6

6-4 9.60 7.65 4 5

* Predicted via c value estimated from correction data.
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as was the case for the correction procedure. With the exception of the

8-8 payoff combination, the picture for the equal items deviates from that

for the unequal in that the proportion of successes following the first

criterion sequence is lower for the equal items. For the 8-8 condition, we

might expect learning to be very similar for equal and unequal items, since

in the equal case once the subject has learned one of the payoffs associated

with a given stimulus, he should be expected to make that response uniformly

on subsequent trials. To check on this prediction, we can set the parameters

a and ~ in the transition matrix equal to zero and one, respectively, so

that the matrix in effect collapses to the transition matrix of the simple

one-element modeL Proceeding, then, to estimate the conditioning parameter

from observed total "errors" of 5.04 for the 8-8 noncorrection condition,

we obtain an estimate of .10 for c which is not far from the value of

.11 obtained for the unequal items.

Taking this result together with the evidence adduced in an earlier

section concerning precriterion stationarity for these items, the full

pattern of evidence again seems in satisfactory accord with the assumption

that the learning of stimulus-response-outcome associations occurs on a

simple all-or-none basis under all conditions in this study. This is not to

. say, however, that nothing else is being learned concurrently. In fact,

evidence from the latency data indicates that approach and avoidance tendencies

relative to the response-outcome combinations are being learned concurrently,

and as indicated in a previous section, our latency data are by no means

incompatible with the notion that these approach and avoidance tendencies also

change in a discrete manner as the subject goes from an unlearned state to
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intermediate and terminal states of learning. However, we are not yet in

a position to supply a formal model providing for rigorous testing of these

notions in relation to the latency data.
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