
































































































































































































































Similar derivations yield for Conditions 2 and 4, respectively,

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

3
It

and

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

3
Il

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

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

Condition 1: X

1= J{z - agt)
1

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

If

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

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

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

of inegualities

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

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

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

- J(1 - a2t) = LT9L

and 1 -J(L - & JTh2

1l

Bt)
Solving these numerically, we obtalin the estimates

a = .615
J = .336 ,

from which, in turn, we compute the predicted values

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

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

Following the same procedure for Experiment I1, we obtain estimstes

T
a

)

193

J = 617

Al
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and predicted values

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

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

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

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

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

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

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

level,
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Table 10

The Two=Element Fluctuation Model vs. Joint Response Proportions

.fTor Data Poocled over Replications

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Involved will require further experimental analysis.
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Appendix

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

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