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A COMPUTER CONTROLLED EXPERIMENT ON RECENCY IN

PROBABILITY LEARNING'

by Linton C. Freeman

Department of Sociology, University of Hawasi

Both theroretical work and research results have been somewhat equivocal on the sub-
ject of recency in the two-choice probability learning task. The present paper describes a
computer controlled experiment designed to investigate the consequences of reinforcement
of negative recency on its occurrence. Results are examined in terms of both the method-
ology of computer controlled experimentation and the substance of Estes’ pattern model of

such learning.
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INTRODUCTION

HE study reported in the present paper

had two aims: The primary concern
involved an empirical examination of first
order conditional response probabilities in a
two-choice noncontingent probability learn-
ing situation; the secondary concern was
with the effects of a design employing full
computer control of this standard verbal
learning task.

The two-choice noncontingent probability
learning experiment is a reasonably standard
procedure. The basic design stems from
Humphreys’ (1939) early work. Two events
E; and E, are defined by the experimenter.
On each of a series of trials S is required to
predict which of these events will oceur next.
Thus, he may display response A; if his
prediction is that £; will occur, or 4, if he
thinks £, will oceur. Following his choice
either I or E; occurs according to a random
schedule with some fixed probability, II, of
E,. Thus, after each prediction, S is in-
formed as to the correctness of that choice.

Experimental apparatus varies from time
to time and experimenter to experimenter.
So does the wording of instructions for S
and the level of II. But the basic form of
the experiment is reasonably standard. The
results, too, are reasonably standard. Most
Ss match their probabilities of predicting
event K, to the objective probability of that
event (II) over a considerable range of varia-
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tion in experimental conditions (Estes, 1962a;
1964).

A good many attempts to develop a
theory of this type of probability learning
have been made (Bush & Estes, 1959). At
this moment, the most generally satisfactory
theoretical effort seems to be provided by
the N-element pattern model of Estes’
stimulus sampling theory (Estes, 1959). This
model is derived within the general frame-
work of stimulus sampling theory; it pro-
vides convincingly accurate predictions of
both asymptotic response probabilities and
learning rates. Moreover, the pattern model
yields predictions of response probabilities
conditional upon both responses and rein-
forcements on previous trials.

These predicted conditional probabilities
do, however, provide a basis for controversy. .
The prediction is that given the occurrence
of event E; on trial n, the probability of
response 4, (prediction of E,) on trial n 4 1
will be greater than it would have been if
E, oceurred on trial n. This is called positive
recency.

On the other hand, a number of investiga-
tors have observed that some Ss display
the opposite tendency—negative recency
(Anderson, 1960; Feldman, 1959; Nicks,
1959). For these Ss the occurrence of E; on
n is occasion for the reduction of their likeli-
hood of responding with 4; on n 4+ 1. Such
Ss seem to assume the maturation of proba-
bilities; they display the gambler’s fallacy.

Estes (1962b, p. 133) has characterized
such behavior as pre-experimental bias car-
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ried over from gambling and other real Iife
situations. Although this particular example
suggests that Estes may have been vietimized
by rigzed games of chance, the basic idea 1s
not unreasonable. It indicates, in fact, the
importance of examining probability learn-
ing in natural settings in an attempt to
uncover the bases upon which such a strategy
might rest.

In any case, Estes (1962b) has argued
from theoretical grounds that, onece they
have been exposed to the probability learn-
ing task, subjects should exhibit, not nega-
tive, but positive recency. Only when nega-
tive recency is reinforced, he has suggested,
should it be exhibited.

Empirical evidence on recency is not un-
equivoeal. On one hand the studies cited
above show negative reeency. In contrast,
Estes (1962b) has cited a series of studies
where Ss were trained to exhibit positive
recencey. However, only a relatively small
number of studies have explicitly set out to
control the reinforecement of recency (Hake
& Hyman, 1953; Iingler, 1958; Anderson,
1960). The results of these studies suggest
that S= do respond to differing reinforeement
schedules, but the patterns of such response
are not entirelyv elear. Moreover, theoretical
work on thix aspeet of probability learning is
sketehy. More data are needed before con-
vineing models can be developed.

A review of the general literature on the
two-choice probability learning experiment,
however, reveals that more data on receney
are available than we might at first suspect.
Sxperiments of two distinet types have been
conducted that differ in their reinforcement
of negative recency. These two types of ex-
periments have been confused perhaps be-
cause both result in probability matehing.
It is, however, a reasonable conjecture that
they wrrive at this result through quite dif-
ferent psvehologieal mechanisms,

In both of these experiments subjects are
required to prediet the oceurrence of alter-
native events. In both, one cvent, Iy oc-
curs with some probability, IT (IT = .5).
The alternative, IV, , oceurs, of course, with
probability 1 — IL In experiments of the
first type, whieh I shall term striet random,
all trinds are strietly independent (Iried-
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man, Burke, Cole, Keller, Millward, «&
Estes, 1964). Thus, the probability of an
event, say Iy on trial n 4+ | is equal to 1L
regardless of the event occurring on trial n:

PT(E],VL+1 I El,n) = P)‘(El,n+1 ‘ ]L"_’,n>
= P?'(]ﬂvl) = H’

and no reeency at all- -neither positive nor
negative— is reinforeed.

Experiments of the second type, however,
are characterized by certain constraints on
independence of trials. Typieadly, a series of
& trials is defined such that within the series
there arc cxactly 1Tk events of type £ and
(1 — IDk events of type E. (Siegel, 1961).
Sinee these events are randomly ordered, I
shall refer to experiments of this kind as
random permutations. Note that here the
probability of an event, Ify, on trial n 4 1
is dependent upon the event on trial ». In
general,

])T(Elynjq i E; ,,,) < Pl'(E] mtl l L, .,,)

Thus, the random permutation experiment
puts a constraint on the length of runs.
Probabilities do mature within each series of
L trials, and as a result, negative recency is
reinforced.

The present study, then, is an explicit
attempt systematically to compare the con-
ditional probabilitics of response, notably
the display of recency, under these two es-
tablished forms of the two-choice experi-
ment.

METHOD
Subjects

S5 were 60 volunteers from the student
body of the University of Hawaii. Thirty-
cight werc females and eight were graduate
students. None had previous experience with
experiments in verbal learning.

Equipment and procedure

I for this experiment was an IBM 1130
computer. Ss were ushered nto o room con-
taining the computer and invited to sit at
the console. They were told that to start the
experiment  they  should  strike  the  key
marked RIETURN. When they did so, the
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machine took over. It typed the following
instructions:

HELLO.

| AM A COMPUTER AND | AM WORKING
AS A PSYCHOLOGIST.TOTALKTOME YOU
MUST TYPE. BUT FOR THIS EXPERIMENT
YOU WILL ONLY HAVE TO TYPE NUMBERS.
NOTE THAT THE NUMBERS ARE PRINTED
IN WHITE ABOVE THE LETTERS ON THE
RIGHT SIDE OF THE KEYBOARD. ZERO IS
IN THE TOP LINE AND THE OTHERS ARE BE-
LOW.

LET'S TRY THE KEYBOARD. YOU TYPE THE
NUMBER ZERO.

If the subject typed any character other
than 0 the computer responded,

NO, TRY IT AGAIN. LOOK FOR O AT THE
TOP OF THE KEYS.

If zero was typed the response was:

VERY GOOD. NOW WE ARE GOING TO
TRY A LEARNING EXPERIMENT. | WILL
TYPE A SERIES OF NUMBERS ONE AT A
TIME. EACH WILL BE EITHER O OR 1. YOUR
JOB IS TO TRY TO PREDICT CORRECTLY
WHICH NUMBER | WILL TYPE ON EACH
TRIAL. WHEN | AM READY | WILL TYPE A
STAR (*). IF YOUR PREDICTION IS THAT |
WILL TYPE A O, YOU TYPE THE NUMBER
0. IF YOUR PREDICTION IS 1, YOU TYPE 1.
LET'S TRY A SAMPLE RUN.

Here an asterisk was presented. If S typed
0 or 1 he was reinforced; if any other char-
acter was typed, he was asked to try again.
Once a correct response was made, the
machine continued:

NOW LET'S GO AHEAD. THERE WILL BE
200 TRIALS. WHEN | TYPE A *, MAKE
YOUR PREDICTION. IN EACH CASE | WILL
TYPE OUT THE ACTUAL NUMBER SO YOU
CAN SEE WHETHER YOU WERE RIGHT OR
WRONG. DO YOUR BEST TO PREDICT
EACH TRIAL CORRECTLY. SO, HERE WE
GO....

The computer then generated a (pseudo)
random number and assigned S to either a
schedule of strict random reinforcement or
one of random permutation with k& = 4. II
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in both cases was .75. Another random nu
ber was used to determine whether 0 or ]
would be E,. The human experimenter
though sometimes present, was unaware ¢
the experimental conditions for any S.
The responses of each S were recordedi
automatically by the computer and werg]
printed on the printer and written on th
disk in groups of 20 at the end of the 200
trials. On demand, £ could obtain a summary
of the performance of all Ss at any time,:
along with estimates of the parameters of °
Estes’ pattern theory. In short, the com-:
puter was used for the entire experimental /
procedure: (1) instructing Ss, (2) conductin
a practice trial, (3) randomly assigning eac
S to the experimental or control group, (4
randomly choosing E;, (5) presenting 200_\ :
stimuli, (6) recording 200 responses, (7)’
presenting 200 reinforcements, (S) refining
and storing the data for each 8, (9) sum-'
marizing data over all Ss, (10) estimating"
pattern theory parameters, and (11) gen-.
erating tables to permit the comparison of
theoretical and observed learning behavior.

RESULTS AND DISCUSSION
Methodological

It is apparent that the fact that a com-
puter was the research instrument in this
study might be critical for the results ob-
tained. There is nothing in principle about
computer based experiments that limits
their effectiveness or generality. In this ex
periment, however, use of the partxcular;
computer system available did necessitate at
least three departures from standard experi-
mental form.

First, the main console was used as the
input-output device. The console panel in-
cludes a complicated array of flashing lights
above the keyboard. These lights might be
assumed to be stimuli by S, or at least might
serve as distractions. This potentlal proble”’t
could be eliminated by the use of one of t.
standard remote typewriter or cathode ray
tube consoles available for time-shared com-
puter systems

Second, since this computer system pro-
vided no programmed access to the mternal
clock, control of the time between the
presentation of the stimulus and the o
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currence of the event was not possible. In-
stead, for each trial, the occurrence of E; or
I, had to await the response by S. This too,
of course, is not a necessary limitation of
a computer based experiment. The more
developed computer systems permit pro-
grammed aceess to the cloek and thereby
allow the display of events at any specified
interval after the stimulus hax been presented.

Third, this system required the use of a
tvpewriter for both input and output. Thus,
a permanent copy of the history of his trials
wax present and available to each S, It was
noted that some Ss referred frequently to
this record, and one or two studied it at
length. Clearly, the presence of such a record
departs from the traditional experimental
form and potentially contaminates the learn-
ing process, Use of a cathode ray tube for
display would, of course, eliminate this
problem.

In any case, it seemed advisable to ex-
amine the possibility that the computer
process introduced significant instrument cf-
fects in the two-choice learning experiment.

The results shown in Table 1 are relevant
to this hypothesis. Both groups display the
tvpical negatively accelerated increasing
functions that close-in on the phenomenon
of probability matching. The last 80 re-
sponses for both groups were judged to be
reasonably stable, so they were used to de-
termine the degree to which probability
matching was revealed. The probability of
choosing the more frequent alternative for
the last 80 responses of the strict random

TABLE 1
PrororTiONS OF REsPoONSESs PREDICTING THE
More FREQUENT ALTERNATIVE (4;) IN
Brocks oF 20 TrisLs

Proportion of Ay Responses

Trial Block Strict Random Combined
andom Permutation Group

1-20 .608 565 585
21-40 .876 875 .875
41-60 788 .730 749
61-80 738 745 741
81-100 793 .710 751
101-120 .788 775 781
121-140 .738 746 741
141-180 .768 736 152
161-180 718 761 .769
181~200 730 71 .750
Number of Ss 30 30 60

Behavioral Science, Volume 16, 1971

177

group was .753, while that for the random
permutations group was .754. These results
are consistent with previous findings where
probability matching was displayed. For
the combined group, the probability of an
<y response is .753. This is based on 4800
observations, and it is quite close to the ex-
peeted value of IT = 75, It secems, therefore,
that use of this computer system, even with
it= anticipated limitations, did not seriously
distort the results of the two-choice experi-
ment.

Substantive

Our concern here is with differences in the
sequenee  of choiees under conditions of
strict randomness and random permutation.
A choice on any trial may depend upon the
event (E, or Is) or the choice (A4, or .A.) on
the previous trial, or a combination of both.
The sequential statisties are shown in Tables
2 and 3 for the final 80 responses for the two
groups.,

Marked sequential effects are displayed
for each group. The range is from 434 to
.853 for the strict random group, and from
SIS to 849 for the random permutation
group. Moreover, it is apparent that the
conditional probabilities of an Ay response
under these several conditions differ for the
two groups. They differ not only in magni-
tude but in relative order.

Sequential statistics  displayed by the
strict random group follow the order defined
by the n-element pattern model of stimulus
sampling theory. In this case, the parameters
for the pattern model were estimated accord-
ing to the procedure suggested by Atkinson,
Bower and Crothers (1965). Thus, using the
observations with the largest number of de-
grees of freedom, we can let

P = Pr((Al,.nﬁ—l | Al,n,El ,n)

and
Q = Pr(Al,n+1 l Al,n,E2,n)-
Then,
N = m = 2.424
and

¢c=1-N@Q — (Il —N1))) = .512.

AN
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TABLE 2

SEQUENTIAL STATISTICS FOR THE FINAL
80 REsPoNSES OF THE STrRreT RaNpoM SERIES

Condition on Number of A1 on

Trial n Triel n 4 1 Tolal PMb;z gfj:“lh "
A, I 1150 1348 0.853
A1, B 294 458 0.641
Az, Er 288 437 0.659
Az, B 76 157 0,484

Ay 1444 1806 0.799

Ae 364 594 0.612

E: 1438 1785 0.805

E2 370 615 0.601
Total 1808 2400

On the basis of these estimates the theoretical
values of the sequential statistics were gen-
erated. They are shown in Table 4 along
with the corresponding observed values.

Inspection of Table 4 shows that in every
case the theoretical estimates of conditional
probabilities are quite good. In interpreting
this correspondence, however, it must be
remembered that there are only two inde-
pendent entries in Table 4, Two entries were
used in estimating the parameters N and ¢,
and four of the entries may be calculated
from the remaining four, so the results must
be interpreted with caution. Nonetheless,
the results do demonstrate general con-
sistancy between the pattern model and
these observations.

For the strict random group, positive
recency Is displayed. The probability of an
A, response following an E, trial is .805 and
following an F, trial only .601. Thus the oc-
currence of an event increases the likelihood
that it will be predicted on the next trial.

TABLE 3
SEQUENTIAL STATISTICS FOR THE FINAL
80 RESPONSES OF THE RANDOM
PERMUTATION SERIES

Condition on  Number of A1 on

Prob. of A1 on
Total 741

Trial » Trial n + 1

A1, By 1132 1412 0.801
A, B 309 400 0.722
Az, Er 205 395 0.518
Aq, By 164 183 0.849
A 1441 1812 0.795
Az 369 588 0.627
E1 1337 1807 0.739
Ea 473 593 0.797
Total 1810 2400
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TABLE 4

PrEDICTED AND OBSERVED VALUES OF SEQUENTIAL
STATISTICS FOR THE FINAL 80 RESPONSES
OF THE StrRICT RanpoMm GRoup

Asymplotic Quantity Predicted Observed
Prid:| A1) .853 .853
Pr(A1| AiEs) 641 .641
Pr{d1 | AsFy) .651 .659
Pr(Ay | AoEs) .440 .484
Pr(A1 ] A1) .800 799
Pr(A1| A2 .599 612
Prid: | ) .802 .805
Pr(: | Ee) .591 .601

On the other hand, the order of condi-
tional probabilities for the random permuta-
tion group displays negative recency. Note
that the conditional probability of an A,
response following an E; trial is .739 and
that following an E, trial is .797. Here, Ss
show a tendency to alternate; given the oc-
currence of an event, they will predict the
alternative with greater likelihood.

This result provides evidence for the con-
jecture by Estes (1964) that reinforcement
of negative recency will result in its display.
In the random permutation experiment the
sampling funetion of events is not independ-
ent of previous events. Thus, since it as-
sumes independence, the usual pattern
model interpretation is not appropriate in
this case. On the face of it, a different learn-
ing model appears to be required in order to
account for the case of random permutations.

A clue to the direction in which to seek
such a model can be found in Table 5. Al-
though between-group comparisons showed
negative recency for the random permuta-
tion group, comparing conditional response
and event probabilities within groups reveals
that both exhibit a tendency to overpredict

TABLE 5

CONDITIONAL RESPONSE AND REINFORCEMENT
ScurpurLes For Bora Groups

Condition Strict Random  Random Permutaiion

Pr (Bipau | Bun) .750
Pr (Avnn| Big) .805
+.055
.750
.60t

—.149

.6875
739
+.0515
.9375

797

—. 1405

Difference
Pr (El.n+1| Ea,p)
Pr (Avns1| Bon)

Difference
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the oceurrence of £y event pairs and to under-
predict F,, Ey event pairs. Moreover, this
tendency is displayed to just about the same
degree by Ss in both strict random and
random permutation groups.

This result suggests that Ss do in fact
diseriminate stimuli in terms of event se-
(uences, Both, we might suppose, do attempt
to follow conditional event probabilities. In
the strict random experiment, the inde-
pendence of events permits Ss to behave as
if their sampling function were independent
of event sequences. In general, it could be
assumed  that in every case, Ss sample
stimull conditionally upon event sequences
and only when those event sequences them-
selves are independent does S’s sampling
appear to be independent of event sequence.

In any case, it ix clear that the two tra-
ditional forms of the two-choice noncon-
tingent probability learning experiment do
vield differing results in terms of conditional
response  probabilities.  Some  theoretical
modification or extension is needed to ac-
count for this fact.
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.. . the species of the things of the world are not immediately
suited for themselves to bring to completion an action on the eye
because of the nobility of the latter. Therefore these species must
be assisted and excited by the species of the eye, which proceeds
through the space occupied by the visual pyramid, altering and
ennobling the medium and rendering it commensurate with sight.
Thus the species of the eye prepares for the approach of the
species of the visible object and, moreover, ennobles the species of
the object so that it is wholly conformable to and commensurate
with the nobility of the animate body (i.e. the eye).
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