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RESPONSE AVAILABILITY AND ASSOCIATIVE RECALL?®

LEO POSTMAN, SHEILA BURNS, ano LYNN HASHER

University of California, Berkeley

The influence of response retraining on associative recall was investigated.
All Ss learned a list of paired associates (PAs) and were tested for recall
of the pairs after 48 hr. There were six conditions of response retraining
immediately prior to the test of PA recall: (e¢) none, (b) free recall of
the responses without additional study, (c) four reexposures of the set of
responses without tests, (d) four reexposures followed by a single test of
free recall, (e¢) four cycles of free recall learning, and (f) four cycles of
serial recall learning. The conditions of retraining had substantial effects
on the level of response availability, but failed to have a significant influence
on subsequent PA recall. An item analysis showed a Condition of Re-
training X Degree of Original Learning interaction. The recall of weak
items is likely to be enhanced by reexposure to the responses, whereas
response relearning produces either no effect or a net loss for strong items.
It is concluded that the retraining task is a source of both facilitation

and interference.

The acquisition of a list of paired associ-
ates (PAs) requires both response recall
and the establishment of associations be-
tween the members of individual pairs. For
purposes of analysis, these component pro-
cesses may be assumed to develop inde-
pendently, and they have in fact been shown
to be influenced differentially by prior train-
ing and by the manipulation of task variables
(Horowitz & Larsen, 1963; Jung, 1965;
Underwood, Runquist, & Schulz, 1959).
After the end of acquisition, the availability
of responses and of specific associations may
decline at different rates. On a delayed test
of retention, cued recall of PAs is likely to
be lower than free recall of the responses
(Saltz & Youssef, 1964; Underwood &
Ekstrand, 1967). The results of recent in-
vestigations of retroactive inhibition showed
that responses are more subject to unlearn-
ing than are specific associations (Postman
& Stark, 1969; Postman, Stark, & Fraser,
1968). Thus, the integrity of associative
connections may be maintained while the re-
sponses become unavailable, On the other
hand, in the recall of lists composed of con-
ceptually related items, the repertoire of re-
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sponses may remain more available than the
specific associations (cf. Postman, 1967;
Underwood & Ekstrand, 1968).

To the extent that forgetting in any given
case reflects the loss of the responses per
se rather than of the associative connections,
it should be possible to increase the amount
of recall by giving S's an opportunity to re-
learn the responses prior to the test of re-
tention. While such an outcome may ap-
pear obvious at first, further consideration
leads to some qualifications of the prediction.
First, as already noted, the retraining pro-
cedure may be expected to facilitate the
recall of only those items for which the as-
sociative connection has remained intact but
the response has dropped out. The avail-
ability and the associative strength of indi-
vidual responses are, however, likely to be
correlated. Such a correlation should nor-
mally be present since, during acquisition,
the speed with which an item enters into
the associative phase depends on the avail-
ability of the response. Insofar as losses
in response availability and in associative
strength develop concomitantly, there occurs
a shrinkage in the number of items that can
be restored to recall by response pretraining.
Second, the process of response relearning
may have consequences that are detrimental
to subsequent associative recall. If the re-
training procedure consists of free recall
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learning, the responses may be grouped into
higher order units and, as a consequence,
become less accessible for later cued recall.
Incorporation into higher order units may
change the connotations of individual re-
sponse terms established during PA prac-
tice; whatever sequential grouping of the
responses occurs is likely to be at variance
with the order in which they have to be
given in recall. In short, the vertical or-
ganization of the responses achieved during
retraining may come to conflict with the
horizontal organization of the PA list.

The performance of the retraining task
may also entail the weakening or suppres-
sion of the associations between the responses
and the stimulus terms of the PA list.
Elicitation of the stimulus terms in the
course of retraining is liable to interfere
with the optimal processing of the entire
pool of responses. Stimulus recall and re-
hearsal of list pairs would, therefore, tend
to be inhibited in the interest of maximizing
the efficiency of response relearning. It is
the requirement to relearn the forgotten re-
sponses that is viewed as incompatible with
the rehearsal of list-specific associations.
Such associations may well be rehearsed if
S has to recall only those responses that are
available without additional study. In gen-
eral, the interpolation of any kind of learning
or relearning task with requirements of its
own may be expected to have some adverse
effect on the recall of a previously learned
list, if for no other reason than because a
shift in performance set is imposed on S.
These considerations temper the expectation
of a substantial increase in associative recall
after response retraining.

The relevant experimental evidence is
limited and contradictory. Saltz and Yous-
sef (1964) used the method of free recall
learning, with alternating study and test
trials, to provide response retraining prior
to PA recall. The response terms were
adjectives which were paired with nonsense
syllables as stimuli. Both relatively low and
high degrees of original learning (OL) were
used. While the results of the successive
experiments in the Saltz and Youssef study
were quite variable, response retraining
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clearly had no consistent effect on cued recall
either immediately or 24 hr. after the end of
orlgmal learning. By contrast, Weiss (1966),
using some of the same materials, observed
a significant increase in recall after retrain-
ing, but under conditions that differed from
those in the study of Saltz and Youssef in
a number of important respects. For pres-
ent purposes, the most important changes
were that (a) retraining consisted of a
single exposure of the responses-and did not
include a test of free recall, and (b) only
half of the responses in the list were used
in retraining, with the remaining half as-
signed to the control treatment. Conse-
quently, it was less likely than in the Saltz
and Youssef study that cohesive new group-
ings of the responses would be developed.
In any event, the two studies taken to-
gether suggest that response retraining may
have a positive influence on cued recall only
under highly circumscribed conditions.

The problem warrants further investiga-
tion because of its implications for the two-
stage analysis of associative learning and
recall; a detailed analysis of the retraining
paradigm should contribute to an under-
standing of the operations used to manipu-
late the factor of response availability. In
the present study, an attempt is made to
determine the consequences for cued recall
of the following component processes that
may come into play, singly or in combina-
tion, during response retraining: (a) recall
of the responses that have remained avail-
able at the end of the retention interval; ()
reexposure to the total response pool and
(c) relearnmg of the entire repertoire of
responses, i.e., reexposures followed by tests
of recall. As a limiting case of the latter
treatment, relearning in a constant serial
order was included in addition to the con-
ventional procedure of free recall learning.
According to the present analysis, both the
positive effects of reacquisition of the re-
sponses and the interference from the inter-
polated task should increase for the succes-
sive conditions in the order named. The
questions of interest concern the manifesta-
tions of these positive and negative influences
and their net effects on recall.
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MEeTHOD

Design.—All Ss learned a list of PAs and were
given a test of cued recall 48 hr. later. The
experimental design comprised six conditions that
were distinguished in terms of the treatment ad-
ministered just prior to cued recall. These treat-
ments were as follows: (a¢) Cond. TFR—a test of
free recall of the responses without retraining;
(b) Cond. RE—four reexposures of the list of
responses without any test of recall; (¢) Cond.
RE + TFR—{four reexposures of the list of re-
sponses, followed by a single test of free recall;
(d) Cond. FRL—four cycles of free recall learn-
ing of the list of responses, with each cycle con-
sisting of a study and a test trial; (e¢) Cond.
SRIL—four cycles of serial recall learning of the
list of responses, with a fixed order of presentation
on study trials and instructions to Ss to reproduce
the items in that order; and (f) Cond. C—the
control treatment, in which there was neither
reexposure to the responses nor a test of recall.

Condition TFR provides a measure of the
amount of response recall- in the absence of re-
training and, relative to Cond. C, permits an
assessment of the effects of recalling available
responses prior to the associative test. Condition
. RE was designed to reinstate the response reper-
toire without requiring § to organize or reorganize
the list for purposes of recall. Condition RE +
TFR was introduced in the first instance to obtain
an estimate of the level of response relearning that
is attained after four reexposure trials; with re-
spect to the amount of response processing re-
quired of S, this procedure may be viewed as
intermediate between Cond. RE and FRL. Finally,
Cond. SRL imposed a serial organization on the
list that was clearly at variance with the sequence
of responses-on the associative test.

Lists—The learning materials were lists of 12
PAs, with CVC trigrams as stimuli and two-
syllable adjectives as responses. Three different
lists were used equally often. The stimulus terms
were the same in all lists, but the responses were
different. Formal stimulus similarity was kept as
low as possible. There were no letter duplica-
tions in either the first or the third position; four
consonants were used twice each, once in the first
and once in the third position. The five vowels
and the letter y were used twice each in the
middle position. The association values of the
syllables in Archer’s (1960) norms ranged from
47% to 55%. Each of the adjectives in a list began
with a different letter. Meaningful similarity of the
responses was minimized by inspection.

Original learming—In OL, the PA list was
presented for one study trial and six anticipation
trials at a 2:2-sec. rate, with a 4-sec. intertrial
interval. The list was presented in four different
random orders.

Response retraining—The Ss returned for a
test of retention 48 hr. after the end of OL. The
cued test of PA recall always took place 10.5
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min. after the beginning of the session. For Cond.
FRL and SRL, this interval was filled entirely
with the administration of instructions and the
performance of the retraining task. Under the
remaining conditions, whatever part of the interval
was not used up by instructions and the appropriate
retraining activity was occupied with the per-
formance of a symbol-cancellation task. This
task was performed during the entire interval in
Cond. C and during the period leading up to the
45-sec. test of free recall in Cond. TFR. In
Cond. RE, in which re-exposure trials only were
given, the symbol-cancellation task was performed
between successive presentations of the list, i.e.,
during the periods corresponding to the test trials
in Cond. FRL and SRL. The same was true for
Cond. RE + TFR, except that there was a test
trial after the final exposure of the list. It should
be noted that under all treatments the final (or
only) test trial occurred at the same point in the
session.

The retraining instructions identified the items
to be presented as the response terms from the
PA list and indicated that a test on that list would
follow later. To reduce uncontrolled rehearsal,
the initial instructions to groups C and TFR made
no reference to such a test. On presentation trials,
the words were exposed at a 2-sec. rate. A differ-
ent random order was used on each exposure trial,
with the exception of Cond. SRL in which the
order remained fixed. All tests of recall were
written and were 45 sec. in duration.

Paired-associate recall—There were five succes-
sive cued recall trials without feedback. The drum
was again operated at a 2:2-sec. rate with a 4-sec.
intertrial interval, but a blank space was exposed
in the response position when the shutter rose.

Subjects—There were 18 Ss in each of the
six conditions. The Ss were undergraduate stu-
dents at the University of California who were
not necessarily naive to verbal learning experi-
ments. Assignment to conditions was in blocks of
six, with 1 § from each condition per block. Each
of the three lists was used once within a group
of three successive blocks.

REesuLts

Acquisition—The mean total number of
correct responses in OL was 27.46, with
the means of individual groups ranging from
25.50 to 29.89. The overall mean score on
the last trial of acquisition was 6.87, with a
range of group means from 6.67 to 7.22. For
both measures, the value of F was less than
1.00.

Response retraining.—The Ss in Cond.
TFR were tested for recall of the responses
without retraining. The mean number of
items given correctly was 5.39. More than
half the responses were, therefore, unavail-
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. able at the end of the retention interval.
This level of performance defines the mag-
nitude of the relearning task for the groups
that were given retraining. The mean scores
on the terminal test trial of Groups RE +
TFR, FRL, and SRL (scored without re-
gard to serial order) were 8.50, 9.78, and
11,17, respectively. Analysis of variance of
these scores, which reflect the level of re-
sponse availability just prior to the test of
ctued’ recall, showed the differences among
conditions to be significant, F (3, 68) =
55.30,p < .01. Each of the retrained groups
differed reliably from Group TFR (p < .01)
by Dunnett’s test. The variation among
the former was likewise significant at the .01
level. Four cycles of study and test trials
yielded a higher level of recall than did the
same number of study trials alone. This
difference was, of course, to be expected
since the tested groups spent more time in
processing the responses than did the un-
tested one. Furthermore, SRL produced
better response recall than FRL. While the
results are not reported in detail, it should
be noted that the amount recalled without
regard to order was initially lower in. SRL.
than in FRL, but that there was a clear
reversal of this difference as practice con-
tinned. In Cond. SRL, the scores wete con-
sistently lower for ordered than for un-
ordered recall.

‘Cued recall—The mean numbers of cor-
rect responses on the first trial of PA recall
are shown in Table 1. (At this point, at-
tention is given only to the part of the table
listing the total scores.) With the excep-
tion of Cond. SRL, all groups showed some
advantage over the control treatment; the
highest score was obtained by Group TFR.
It is apparent, however, that the variations
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in performance were relatively minor, and
the differences among conditions were not
significant, F < 1. In spite of the great
diversity of the retraining . procedures, the
level of recall showed a remarkable degree
of stability. The earlier negative conclu-
sion of Saltz and Youssef (1964) was thus
confirmed and found to hold over a wide
range of retraining procedures.

As was suggested earlier, the potential
effectiveness of response retraining neces-
sarily depends on the strength of individual
stimulus-response associations. If the ef-
fects of a given condition of pretraining
changed from positive to negative as some
function of the degree of associative strength,
the net recall score would not be in-
fluenced appreciably. This possibility de-
served especially careful consideration in
view of the fact that a fixed number of
acquisition trials is likely to produce con-
siderable variation in the associative strength
of individual pairs. Comparisons of the ex-
perimental treatments were, therefore, made
for subgroups of items representing different
degrees of OL. For purposes of this analy-
sis, the pairs learned by each S were ranked
according to the number .of correct anticipa-
tions in acquisition. The pairs were then
grouped into three categories, viz., those of
high strength (Ranks 1-4), medium strength
(Ranks 5-8), and low strength (Ranks 9-
12). Table 1 shows the mean recall scores
for each category under the various experi-
mental treatments. The presence of a De-
gree of OL X Condition of Retraining in-
teraction is clearly in evidence.

When the degree of OL was low, recall
was poorer for the two groups that were
not reexposed to the list of responses (Cond.
C and TFR) than for the remaining groups,

TABLE 1
MEAN NuMmBERs OF CORRECT RESPONSES ON THE FirsT Triar oF CUED REcCALL

: Cond.
Item strength
o TFR RE RE 4+ TFR FRL SRL
High . 2.66 3.28 2.73 2.59 2.72 2.11
Medium 1.21 1.70 1.42 1.24 1.32 1.33
Low .52 40 .85 © .78 74 1.00
Total 4.39 5.38 5.00 4.61 4,78 4.44
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all of which received repeated presentations
of the list. It is interesting to note that for
_ this class of pairs, Group SRL, which at-
tained the highest level of response recall
at the end of retraining, ranked first on the
test of associative recall. For items of high
strength, recall performance was best in
Cond. TFR and poorest in Cond. SRL.
The other groups occupied intermediate posi-
tions and differed only slightly from each
other. The scores for items of medium
strength were relatively homogeneous, al-
though Cond. TFR had an apparent ad-
vantage. In view of the opposing trends for
the two extreme categories, it is not sur-
prising that the amount of variation was
least for items of medium strength, although
the pattern of scores was more similar to
that for the strong than for the weak items.
The Condition X Degree of Learning inter-
action ‘was significant, F (10, 204) = 2.58,
p < .01. An analysis of the simple effects
showed the differences among conditions to
be significant for the high category (p <
.05), but not for the low category.  In the
latter case, however, a significant difference
(p < .05) was obtained in an orthogonal
comparison between the groups that were
reexposed to the responses and those that
were not. There were no reliable differences
among conditions in the recall of the items
in the medium category. It is possible to
conclude on the basis of this analysis that
the conditions of response retraining had at
least some differential effects on PA recall.
However, both the direction and the magni-
tude of these effects depended critically on
the degree of learning of the individual
items.
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Successive recall trials—The mean num-
bers of correct responses on the successive
trials of cued recall are presented in Table
2. All groups showed an improvement in
performance over trials. The two groups
with the highest scores on the first trial
registered the smallest gains, which sug-
gests the operation of a ceiling effect. Asa
consequence, there was a shift in the rela-
tive positions of the various groups on the
terminal trial. However, the differences
among conditions remained small through-
out. A linear trend analysis showed that
the overall amount of improvement was sig-
nificant, F (1, 102) =76.27, p < 01, but
that there were no reliable differences among
conditions, F =1.18.

The changes over successive recall trials
for different categories of items are not re-
ported in detail. In general, the gains were
greater for items of medium than of either
high or low strength. Averaged over all
groups, the mean increases were .29, .44,
and .23 responses for the high, medium, and
low categories, respectively. These differ-
ences in the amount of gain were significant,
F (2,204) = 5.54, p < .01, but they did not
interact reliably with condition. The oppor-
tunities for improvement in the recall of
strong items were limited by the relatively
high level of performance on the initial trial;
gains in the recall of weak items were con-
strained by the low degree of OL. There
was little variation in this pattern from one
condition to the next. The one exception of
interest is that for Cond. TFR, which
showed a sharp gradient as a function of
associative strength on the initial recall trial,
the amount of gain was greatest for the low
category and smallest for the high category.

TABLE 2
MEAN Scores oN SuccessivE TriaLs oF CUED REcALL
Cond.
Trial
c TFR RE RE + TFR FRL SRL
1 4.39 5.38 5.00 4.61 478 4.44
2 494 5.44 5.39 4.89 5.56 4.72
3 4.94 6.06 5.50 5.44 5.94 5.17
4 5.50 5.94 5.72 5.78 6.28 5.17
5 5.44 6.00 5.61 5.72 6.17 5.44
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When account is taken of the opportunities
for improvement and the constraints im-
posed by the degree of OL, the trends over
trials offer little additional information about
the effectiveness of the different experimental
treatments.

Ouwert errors in recall—The increased
availability of responses after retraining was
reflected in the rate of overt errors during
cued recall. Table 3 shows the relative fre-
quencies of misplaced responses on the suc-
cessive recall trials, expressed as percentages
of total emissions. In the interest of sta-
bility, these percentages were determined
for the pooled responses of all Ss. The
error rates were clearly higher for the re-
trained groups than for the two groups that
were not reexposed to the responses (Cond.
C and TFR)., The trends over trials were
not consistent, but there was a tendency for
the relative frequency of errors to decline.
The separation between the retrained groups
and those not reexposed to the responses
remained in evidence throughout. For pur-
poses of statistical analysis, the percentage
of errors based on all recall trials was de-
termined for each S. The mean percentages
are presented in Table 3. An orthogonal
comparison yielded a significant difference
between Cond. C and TFR, on the one
hand, and the remaining conditions, on the
other, F (1, 102) = 6.23, p < .02.

It should be noted that a substantial pro-
portion of the misplaced responses did not
also occur as correct ones on a given trial.
Thus, the variation in error rates did not
simply reflect differences in the tendency to
repeat rtesponses. - The mean numbers of
different errors (responses not also given
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correctly), which are shown in the last
column of Table 3, exhibit the same pattern
as the percentage measures. The orthogonal
comparison between the two sets of condi-
tions contrasted previously again yielded a
significant difference, F (1, 102) = 11.18, p
< .0L.

DiscussioN

The present results focus attention on the
complexity of the effects produced by inde-
pendent manipulations of response availability
in the context of a two-stage analysis of associ-
ative learning and recall. It has been recog-
nized for some time that response familiariza-
tion prior to acquisition has consequences other
than simply increasing the availability of the
response terms. As Jung (1967) has pointed
out, interitem associations developed in the
course of the familiarization procedure are
likely to become a source of interference dur-
ing the acquisition of the test list. There is
direct evidence that the members of a set of
familiarized responses come to elicit each other
as associates (Schulz & Thysell, 1965). Con-
sequently, the associations formed in the pre-
training and in the test stage conform to the
A-B, C-B paradigm of transfer. That par- ‘
adigm is known to produce associative inter-
ference. Thus, the amount of facilitation pro-
duced by response familiarization does not per-
mit an unequivocal assessment of the role of
response availability in associative learning.
 The same considerations apply to the evalu-
ation of the effects of response retraining on
subsequent associative recall. The critical dif-
ference is, of course, that the familiarization
procedure follows rather than precedes the
acquisition of the test list. The training pro-
cedure now constitutes an interpolated task
which may result in the unlearning of test list
associations. It is known that under the A-B,

TABLE 3
MEASURES OF REsPONSE ERrORs oN TriaLs oF Cuep REcALL
Percentage of misplaced responses for Trials 1-5 Mean no. of
Cond. M/S different
1 2 3 4 5 errors/trial
C 20.9 24.2 25.6 16.8 21.9 21.6 .98
TFR 20.3 20.6 15.0 16.4 18.2 19.3 .81
RE 30.3 30.7 26.1 27.6 34.8 31.5 1.67
RE + TFR 41.5 37.3 33.1 28.6 28.2 324 1.80
FRL 40.0 28.6 26.7 23.1 24.5 31.6 1.68
SRL 374 34.3 30.6 35.2 33.6 38.0 1.92
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C-B paradigm the availability of forward as
well as backward associations is reduced after
interpolated learning (Greenbloom & Kimble,
1965). To the extent that this paradigm is,
indeed, descriptive of the relation between the
retraining and the test task, a negative effect
on associative recall is entailed. In addition,
as has already been noted, the subjective re-
organization of the response terms and changes
in the connotations of the individual items dur-
ing the retraining trials may have damaging
consequences for associative recall. The shift
in task requirements between the retraining and
the PA task adds to the potential sources of
disruption at the time of cued recall.

While the performance of the retraining task
must be viewed as a source of interference as
well as facilitation, the absence of differences
among the amounts recalled under the various
experimental treatments remains surprising.
The very large increases in response avail-
ability produced by several of the retraining
procedures failed to influence associative recall
to any appreciable degree. It appears that the
negative effects of the retraining procedure
fully balanced the positive ones. This conclu-
sion must be tempered in light of the item
analysis showing a significant Experimental
Treatment X Degree of OL interaction. A
favorable influence of retraining on recall was
in evidence for the weakest pairs in the list.
One possible reason for the net advantage
shown by these items is that weak test list
associations were unlikely to be elicited and
suppressed during retraining. By the same
token, strong test list associations were very
likely to be elicited and suppressed. The pro-
nounced Experimental Treatment X Degree of
OL interaction which is apparent in a compari-
son of Cond. C and SRL is consistent with this
assumption since the latter procedure was de-
signed to maximize the conflict between inter-
response and stimulus-response associations.
While a net positive effect may be discernible
for a limited number of items, it is slight at best
and is likely to be masked in the total recall
scores by negative or null effects for the pre-
ponderance of the items.

The high level of recall for strong items in
Cond. TFR brings to the fore the distinction
between retraining, on the one hand, and the
review and rehearsal of responses that have
remained availablé, on the other. In the latter
case, there is no requirement to reproduce
together all the responses, the previously for-
gotten ones as well as the retained ones. Thus,
new interitem associations and groupings are
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not likely to develop. Moreover, the elicitation
of list associations should not interfere with
the recall of the responses, but might in fact
facilitate it because of the cue value of the
stimuli. Under these conditions, list associa-
tions for the available responses are likely to
be rehearsed. The superior performance in
Cond. TFR may be understood on this assump-
tion.

In the evaluation of the recall results, it is
well to emphasize again the inherent limitations
on the potential positive effects of response re-
training. Clearly, retraining cannot enhance
recall if (a) the associative connection was
either not acquired or has been lost, or (b) the
association is intact and the response has re-
mained available. The degree to which po-
tential gains are thus constrained will, of
course, vary with the degree of OL, the length
of the retention interval, and the range of item
difficulty within the list. There may well be
combinations of these factors that would pro-
duce larger effects of retraining than were
obtained in the present experiment.

It would be erroneous, on the basis of the
present findings, to discount the role of re-
sponse availability per se in associative recall.
Such a conclusion would in the first instance
be untenable because performance on a reten-
tion test is known to depend critically on
whether or not response recall is required.
After a given amount of practice, losses ob-
served on a test of recall are often greatly re-
duced if not eliminated when a test of associa-
tive matching is used. Clearly, there are associa-
tions that remain intact but cannot be reflected
in correct performance because the response is
not available. The major implication of the
largely negative results obtained here, as well
as by previous investigators (Saltz & Youssef,
1964), is that it may prove very difficult to
devise a procedure for restoring the availability
of responses without at the same time inter-
fering with subsequent cued recall. While the
two-stage analysis of associative learning and
recall has already proved its analytic useful-
ness, the independent manipulation of the in-
ferred component processes continues to pose
methodological difficulties.
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