




































































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

-16-



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
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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
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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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