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Introduction

Large adult age differences in associative learning have been documented for sev-
eral decades. For instance, Monge (1971) reported that older adults needed almost
twice as many anticipation-inspection trials as young adults to attain one errorless
trial. Although poorer performance on the part of older adults relative to young
adults is a common finding in research on associative learning (see Kausler, 1991,
pp. 244-247, for extensive discussion), the reasons for age-related differences are
not yet clear. In an attempt to provide a detailed characterization of the nature of
age-related differences in associative learning, we report finer-grained correlational
analyses of data from associative learning tasks performed by participants in two
studies described in Salthouse (1994).

Experimental Tasks

The task used in the Salthouse.(1994) studies required research participants to learn
associations between pairs of symbols. Displays in the task consisted of a single
probe stimulus on the left and a column of alternative response symbols on the
right. The research participant used arrow keys on the computer keyboard to move
an arrow in front of a response alternative, and feedback about the correct response
for that stimulus was presented immediately after the participant's response was
registered. The feedback consisted of a brief auditory tone followed by highlighting
of the correct response, which was presented for 1.5 sec in Study 1, and until the
subject pressed a key to begin the next trial in Study 2.

Because the positions of the response alternatives changed from trial to trial, no
learning was possible in this task based on location information. Instead the partici-
pant had to learn to associate individual probe stimuli with individual response al-
ternatives. Items in Study 1 consisted of six pairs of unfamiliar symbols, and those
in Study 2 consisted of four digit-symbol pairs. The task continued until the partici-
pant reached a criterion of three successive trials with all items correct or until a
total of 10 trials had been presented.

The research samples were drawn from a continuous age distribution (18 to 89
years), with 240 individuals participating in Study 1, and 125 individuals participat-
ing in Study 2. All participants reported themselves to be in good to excellent
health, and the average years of education was 13.9 in Study | and 15.5 in Study 2.

The primary measure of performance in the task is the percentage of correct re-
sponses on each trial. However, some participants reached the learning criterion
before the tenth trial; thus performance is also presented in terms of the cumulative
percentage of individuals who achieved the criterion at each trial. These two meas-
ures are shown in Figure 1 for Study 1, and in Figure 2 for Study 2.

Notice that although the absolute levels of performance differ substantially across
the two studies, the same ordering of the three age groups is evident in both panels of
each figure. That is, performance was higher for adults in their 20s and 30s than for
adults in their 40s and 50s, who in turn performed at higher levels than adults in their
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Fig. 1 Percentage correct responses (left panel) and percentége of

subjects achieving the

learning criterion for three age groups as a function of trialé, Study 1. Each curve is re-
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60s and 70s. The major! goal of the current report is to 1dentif y factors responsible
for the age-related diffcircnces in trial-by-trial performance evident in these figures.

Analytical Framewiork |
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For purposes of this article, associative learning is defined as the change in the
measure of percentage |corTect as a function of the number of trials. Component

processes in associative learning can therefore be identified by

!

analyzing responses
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to specific stimuli across successive trials. Of particular interest are four categories
of errors that could occur prior to achieving the learning criterion (see Salthouse,
1994). If a correct response to the stimulus on trial n is followed by an incorrect
response on trial n+1, the error is classified as a forget. If a specific response (e.g.,
Response A) was incorrect on trial # and then was repeated for the same stimulus on
trial n+1, the error is classified as a perseveration. If an incorrect response on trial n
is followed by another incorrect response on trial n+1, but with the selection of a
response alternative that had already been confirmed to another stimulus, the error is
classified as a discrimination failure. Finally, if an incorrect response on trial # is
followed by an incorrect response on trial n+1, and the error is neither a perserva-
tion nor a discrimination failure, it is classified as an unsuccessful guess.

Each of these errors can be interpreted as reflecting a failure to retain feedback
about the item because the correct response is specified after every response by the
participant. However, two especially interesting errors are forgets, in which the par-
ticipant apparently fails to retain positive feedback (i.e., that the last response to this
stimulus was correct), and perseverations, in which the participant apparently fails
to retain negative or disconfirming feedback (i.e., that the last response to this
stimulus was incorrect). Note that with forget errors the subject fails to make the
previous response when it should be made, and with perseveration errors he or she
makes the previous response when it should not be made.

Because the other kinds of errors could represent a mixture of influences, they
are more difficult to interpret. For example, because a discrimination failure corre-
sponds to the selection of a response already confirmed to another stimulus, it may
reflect a failure to remember the specific stimulus, confusion about the one-to-one
mapping between stimuli and responses in the task, or general weaknesses in rea-
soning or problem solving. Unsuccessful guesses are even more complicated be-
cause this error is defined after the other error categories are excluded.

To express the errors relative to the opportunities for that type of error, we con-
verted the absolute frequencies of the forget errors and perseveration errors to pro-
portions by dividing the number of forget responses on trial n+1 by the number of
correct responses on trial # to yield a forgetting proportion, and by dividing the
number of perservation responses on trial n+1 by the number of incorrect responses
on trial n to yield a perservation proportion. The mean proportions ranged from .20
to .40 for the forgetting measure, and ranged from .09 to .14 for the perseveration
measure.

The correlations between the forgetting measures and perservation measures
were rather low in magnitude, which may have been attributable to the relatively
low reliabilities of the individual measures (e.g., in Study 2 they ranged from .15 to
25 for the forgetting measures, and ranged from .28 to .40 for the perseveration
measures). Nevertheless, because the correlations were all above zero, and because
the two measures were both postulated to represent failure to retain feedback, the
measures were combined by averaging z-scores to create a more reliable composite
feedback-loss score. Because substantial age-related differences in associative
learning are apparent within the first four trials (see Figures 1 and 2), and because
progressively more individuals had achieved the criterion and no longer contributed
data after trial 4, the trial-by-trial analyses reported below were restricted to data
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from the first four trials. Nevertheless, similar patterns were obtained when the
analyses were conducted on the data from all 10 trials for mdn‘/lduals who failed to
achieve the learning crlterlon

\
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Theoretical Context
The primary question of interest in this report is the cause of the well-documented
adult age differences m learning. A fundamental assumptlon underlying our re-
search is that progress toward answering this question can be aéhleved by analyzing
trial-by-tri , and by identifying
variables responsible for mediating age-related influences. Altlpough many possible
mediating variables could be examined, the focus in thlS\pI'OJeFt is on measures of
processing speed because of earlier evidence that this construct is involved in me-
diating age-cognition relatlons (e.g., Salthouse, 1992, 1993) ased on earlier re-
search, it was predlcted that age differences in trlal-by-trlal 1mprovement would be
interpretable in terms of age differences in component processes such as the reten-
tion of feedback mformatlon and that those differences ‘Would in turn be found to
share age-related vanance with measures of processing speed

Results

The initial analysis examined the relations between age t}md the percentage-correct
and feedback-loss measures across successive trials. The relevant correlations are
presented in Table 1. Nci>te that the correlations with the percentage correct measures
were all negative from trial 2 on, and that the correlations with the composite meas-
ure of feedback loss were all positive, although only those from Study 1 were sig-

nificantly different from ZETO. “

Table 1 Correlations w1th Age

Trials
1 2 3 4
Percentage Correct ‘\‘
Study 1 — .12 — .29* — 142% - .44*
Study 2 - .15 — 34* — 130% — .30*
Percentage Forgetting
Study 1 - .09 JA5 .18*
Study 2 - 07 13 A7
Percentage Perseverations |
Study 1 - 35% 25% 33*
Study 2 - 13 23 17
Feedback-Loss Composite
Study 1 - 29% 28* 33*
Study 2 - A3 22 21
*p<.01 ‘
\
|
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A primary goal of the current article was to describe the relation between feed-
back loss and trial-by-trial performance during the early phases of associative
learning. However, because the participants in these studies also performed several
tasks designed to assess speed of processing, the role of processing speed on the
relations among age, feedback loss, and percentage correct was also examined. The
processing-speed measure was obtained by converting the reaction times in two
computer-administered reaction-time tasks (Digit Digit and Digit Symbol see Salt-
house, 1994) into z-scores, and then averaging the two z-scores.

A series of path analyses, using the LISREL 8 (Jéreskog & Sorbom, 1993)
structural equation program, were conducted on the data from each study. The first
analysis examined the relations between age and the measure of percentage correct

Percentage Correct

Feedback Loss

Percentage Correct

Fig. 3 Path diagrams illus-
-------------------------------------------------------------------- trating independent relations
among age, reaction time
speed, feedback loss, and
percentage correct across
the first four associative
learning trials, Study 1. Fit
statistics for the models
were: Top panel — X? (df=3)
Feadback Loss =31.99, RMR = .044, QFI =
94, AGFI = .76; Middle
panel — X2 (df=15) = 53.48,
RMR = .055, GFI = .95,
Percentage Correct A GFI = .88; Bottom panel —
X? (df=19) = 55.84, RMR =
Trials .050, GFI = .95, AGFI =
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the early trials and the effects on later trials would be mediated through performance
on the early trials. The existence of independent age-related effects on trials 2, 3,
and 4 suggests that new, or additional, variance is available for association with age
on successive trials. This may reflect an increase in the amount of reliable variance,
or the emergence of different age-sensitive processes from one trial to the next.

The addition of the feedback-loss measure (in the middle panel of Figure 3) alters
the pattern of age-related influences considerably. That is, when the measure of
feedback loss is considered, the only direct link between age and percentage correct
is the path of -.14 on trial 3. This pattern suggests that a large proportion of the age-
related influences are mediated through increased levels of feedback loss. That is,
increased age is associated with a greater probability of failing:to retain feedback,
which in turn is associated with lower accuracy in selecting the correct response for
a target stimulus.

Examination of the bottom panel of Figure 3 reveals that including the composite
processing-speed measure in the model attenuates the direct age-related effects on
the feedback-loss measure. At least some of the increase with age in the loss of
feedback may therefore be mediated by an age-related decrease in the speed of exe-
cuting relevant processing operations.

Inspection of Figure 4 reveals that the age-related effects were weaker in Study 2
than in Study 1. Only one of the relations between age and percentage correct was
significant, and no significant relations occurred between age and the measures of
feedback loss in this study. Both of these patterns may be consequences of the much
higher levels of performance in Study 2 (cf. Figure 2 vs. Figure 1), which could be
attributable to the use of fewer stimulus-response pairs (i.e., four instead of six), to
the use of more familiar stimulus terms (i.e., digits rather than symbols), to the self-
paced inspection duration as opposed to the 1.5 sec duration in Study 1, or to the
fact that the participants in this study had higher average levels of education than
the participants in Study 1 (i.e., 15.5 years compared to 13.9). It is nevertheless in-
teresting to note that all of the age-related effects in the percentage correct measure
in this study (on trial 2) were apparently mediated by speed of processing.

Conclusions

Several conclusions can be derived from the path diagrams in Figures 3 and 4. First,
independent age-related influences initially occur on the second trial, and at least in
Study 1, continue to be manifested on the third and fourth trials. These latter effects
imply that either the type, or the amount, of variance in the percentage correct
measures increases across successive trials because if this were not the case then all
of the age-related influences would be mediated through the earlier measures. That
is, the existence of independent and distinct influences on measures in an ordered
sequence implies that later measures in the sequence have new or additional vari-
ance available for association above that present in the early measures in the se-
quence. One conclusion from the present analyses, therefore, is that somewhat dif-
ferent processes appear to be involved at successive phases of learning in this task,
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and that the efficiency or effectiveness of several of these processes is negatively

related to age. ‘

A second conclusion pertains to the role of retaining feedback about one's prior
response in the trial-by-trial improvement on this task. This rple is evident in the
moderate relations between the feedback-loss measure ‘and the percentage correct
measure, and by the reduction, or even elimination, of the age-related influences on
percentage correct when the feedback-loss measure was inclu}ded in the analyses.
The coefficients for the paths between the feedback-loss anjd percentage-correct
measures were only moderate in magnitude, and thus not all o;f the variance in the
percentage-correct measures could be accounted for by the feedback-loss measures.
Nevertheless, it is apparent that one of the correlates of poorlperformance on this
task is a high proportion of errors in which the subject behaves as though he or she
failed to retain the feedback concerning his or her prior resporise to a target stimu-
lus. The second conclusion from the present analyses, tperefo‘re, is that one factor
contributing to individual differences, and particularly age-re‘lated differences, in
associative learning is the ability to remember and use feedbac‘?k regarding the cor-

rectness of previous responses. : ‘

The third conclusion from the analyses reported here concens the role of proc-
essing speed on the relations between age and associdtive-learning performance.
The speed construct in éthese analyses was represented bly the reaction times in two
tasks (i.e., physical identity judgments in the Digit D"igit ta‘sk, and substitution
judgments in the Digit Symbol task) that have little resemblance to the associative
learning task. Despite the lack of similarity, the speed variable was significantly
related to several of the percentage-correct and feedback-los$ measures. Further-
more, when the speed variable was included in the analyses, most of the relations
between age and the other measures were reduced or eliminated. These results are
consistent with the speculation that the composite speed variable serves as an index
of the speed with whicﬁ many processing operations can be exekuted, and that faster
execution of relevant Q:perations leads to higher percentage correct values and to
lower levels of feedback loss. Because of the strong negative relations between age
and speed, the third major conclusion of these analyses is that the slower speed of
processing with increasled age contributes to some of the adult age differences in
associative learning. This conclusion is compatible with the results of many other
recent studies (e.g., Salthouse, 1992, 1993, 1994), and provide‘s further support for
the hypothesis that the!rate at which elementary cognitive operations can be exe-

cuted is an important fafctor in adult age differences in coinitio -

Although these threé conclusions help explain the ag diffe;i‘ences in associative
learning, the level of understanding is still far from complete. 'I“he factors responsi-
ble for the remaining d?rect or unmediated age effects have not yet been identified,
nor have all of the determinants of the percentage correct and feedback-loss meas-
ures been specified. Future research should therefore adﬁﬁess these issues, as well as
explore the generalizability of the present conclusions to other|types of tasks. Nev-
ertheless, the present analyses demonstrate the usefulness of the decompositional or
analytical perspective on adult age differences in cognition, and provide another
means of identifying saiient factors contributing to age differences in learning.
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