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AGE DIFFERENCES IN THE USE OF BENEFICIAL AND
MISLEADING CUES IN RECALL: WITH A COMMENT ON
THE MEASUREMENT OF BETWEEN-GROUP
DIFFERENCES IN ACCURACY

Aaron S. Benjamin

Department of Psychology, University of Illinois at Urbana-Champaign,
Champaign, Illinois, USA

Young and old subjects were tested on their memory for paired-associate
terms when cued with either facilitative or misleading word stems. After
studying a long list of pairs of unrelated words (e.g., hair-turtle), recall
of a particular target term was cued in a facilitative manner (hair—
tu____) or a misleading manner (hair—ta____). The effects of these cues
were assessed relative to a baseline condition in which levels of perform-
ance lay between the other two (hair-t____). To interpret the age-related
effects of the facilitative and misleading cues relative to baseline, the
variance in differences between the baseline and the experimental con-
ditions related to the overall baseline level was factored out, and
age-related differences as a function of cue were assessed on the remain-
ing variability. This analysis revealed that the two age groups differed
both in their ability to overcome the adverse effects of the misleading
cue and also to take advantage of the benefits afforded by the facilitative
cue. This combination of results is consistent with the view that aging
results in a loss of general strategic control, and not specifically inhibi-
tory control, over the effects of retrieval cues.

A primary goal of current research in cognitive gerontology is the
development of a parsimonious theoretical account of the effects of
nonpathological aging on memory function. Not all memory skills
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decline with age, and of those that do, some are more dramatic and
debilitating than others. In this article, I pit two general contempor-
ary classes of theories against one another in their ability to predict
performance on a set of word fragment completion tasks. The first
theory is that first proposed by Hasher and Zacks (1988; see also
Hasher, Zacks, & May, 1999). In that framework, older adults suffer
from a deficit of inhibition, whereby inappropriate, misleading, or
extraneous thoughts are difficult to eliminate from consciousness.
The second theory concerns the ability to deploy mnemonic control
processes in a strategic manner, and is exemplified by such experi-
ments as those reported by Hay and Jacoby (1999). They showed
how the elderly suffer under conditions in which a habitual prepotent
response needs to be suppressed in order to make a more controlled,
nonhabitual response. This control view is not currently as precisely
specified as the inhibitory view, which has made numerous predic-
tions that have been borne out in experimental data (e.g., Hasher,
Tonev, Lustig, & Zacks, 2001). Another interpretation of a lack of
control is that the elderly are less apt to bring effective metacognition
(Benjamin, 2003, 2005; Benjamin & Bawa, 2004; Castel, 2008) or
retrieval strategies (Benjamin & Ross, 2008; Castel, Benjamin, Craik,
& Watkins, 2002) to bear on the task.

For present purposes, the critical difference between the control
view and the inhibition view is that a generalized lack of strategic
mnemonic control in the elderly should cause both debilitated recall
when a cue is misleading and an inability to take advantage of a recall
cue that is facilitative. The inhibition view predicts that misleading
cues should be detrimental for older adults, but—because inhibition
presumably plays little role in the facilitative case—does not predict
a difference between old and young in their ability to take advantage
of facilitative cues. To illustrate how these theories play out in the
context of the experiments reported here, I first discuss the general
paradigm and then review these predictions in greater depth. For a
more comprehensive review of these and other views of aging and
memory, as well as empirical support, see Kester, Benjamin, Castel,
and Craik (2002).

In these experiments, young and old subjects studied a series of
paired-associate terms (e.g., chair-water) and were asked to learn
them so that they would be able to recall the second term when
provided with the first. During the recall test, subjects were then
provided with one of several types of cues. In the baseline condition,
they were given the cue word and the first letter of the target (chair—
w___). In the facilitative condition, they were given the cue and the
first two letters of the target (chair—wa___). Finally, in the misleading
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condition, they were provided the cue, the first letter of the target,
and an incorrect second letter for the target (chair-wo___). All sub-
jects were informed before the test that some of the target-stem recall
cues would contain an incorrect letter, so the effects in this condition
are not likely attributable to differences in “gullibility” between the
groups.

It was assumed that mean performance in the facilitative condition
would be superior to that in the baseline condition, and also that
mean performance in the misleading condition would be poorer than
baseline. The inhibition view clearly predicts that the elderly should
suffer disproportionately, relative to the young, in the misleading
condition, but does not naturally predict smaller benefits than the
young from the provision of the facilitative cue. The control view pre-
dicts impairment in both conditions (and, indeed, in all conditions
that emphasize the strategic component of retrieval): Relative to
baseline performance, recall for the elderly should drop more in the
misleading case and gain less in the facilitative case. The facilitative
condition thus pits the control perspective against the inhibition view,
and also against theoretical viewpoints (e.g., Craik, 1983) that predict
that increasing ‘‘environmental support” will provide a relative
advantage to the elderly.’

Measuring Accuracy on Bounded Scales

One methodological challenge in evaluating the hypotheses discussed
above is that a substantial difference in recall baseline performance
between the age groups is likely to obtain (cf. Craik & McDowd,
1987). Because there is no well-articulated mapping between the
psychological construct of memory fidelity and the scale on which
recall is measured, it is difficult to assess gains and losses relative
to baseline. In general, higher baseline performance should lead to
smaller gains and larger losses simply because of the scale range. This
problem is exacerbated when evaluating means across heterogeneous
groups. A secondary mission of this article is to illustrate a statistical
manner of confronting this ubiquitous problem that permits the
application of commonly used and well-understood linear analytic
approaches.

The solution avoids the somewhat ungainly strategy of attempting
to equate baseline performance by employing different manipulations

'Inconsistent with this prediction, Park and Shaw (1992) reported no difference between
young and older subjects in the facilitation provided by additional letter cues, but the lack of
an advantage for the younger group did not reconcile between the control and inhibition views.
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of learning or study parameters between groups. That approach is
problematic because, although the technique may functionally equate
performance between groups, it does so at the expense of testing
subjects on equivalent tasks. Thus, even though performance may
be comparable, the underlying scale may have been altered in such
a manner that the problem in interpreting between-group differences
remains.

The question of how to best account for group differences in ana-
lytic comparisons has been the basis of much debate in research com-
munities that employ response time (RT) as the primary dependent
variable for interpreting age-related effects (Chapman, Chapman,
Curran, & Miller, 1994; Faust, Balota, Spieler, & Ferraro, 1999;
Myerson, Ferraro, Hale, & Lima, 1992), but the rigor brought to bear
in that debate has not been widely imported into research addressing
group differences in accuracy. That fact likely reflects in part the gen-
erally higher level of sophistication evident in the derivation of basic
principles of response time analysis and comparison (e.g., Luce,
1986), but, at a general level, the problems faced when measuring
accuracy are similar: that interactions between groups and exper-
imentally manipulated variables—the basic stuff of theory-building
in cognitive aging—may arise spuriously due to failures of the
measurement scale to live up to the towering standards of linear ana-
lytic tools. However, whereas that failure in the analysis of RTs is
principally due to the fact that effect magnitudes scale with baseline
scores (e.g., Salthouse, 1985), accuracy suffers because it is typically
measured on scales that are bounded on both ends (such as propor-
tions).> Scale boundaries compromise the validity of traditional
analytic approaches because the asymptotic distribution of the
central limit theorem is symmetric and defined over an infinite
range. That is, analyses that assume linearity of the measurement
scale are doomed to fail when values—Ilike proportions—are restric-
ted. This problem is particularly apparent when scale boundaries
are approached and the tails of the distribution are differentially
truncated.

Here I address this problem with a combination of methodological
and statistical techniques. First, I employ a manipulation of learning
to ensure that performance on the baseline variable overlaps across
the age groups. The reasons for this will shortly be apparent. Second,

2Distance-based measures of accuracy (such as the commonly used d’) have an advantage
over proportions, in that they are only bounded on the low end of the scale (see, e.g., Benjamin,
Diaz, & Wee, 2009; Matzen & Benjamin, 2009).
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and consistent with the typical approach in psychology, I examine
not raw performance in the experimental conditions, but rather dif-
ferences between performance in those conditions and the baseline
condition. Although this rudimentary correction eliminates some of
the variability between facilitative and misleading conditions that is
systematically related to baseline performance, it assumes that the
contributions of those conditions sum linearly across the measure-
ment scale (again: an unlikely possibility, given the bounded nature
of proportional scales). Thus, I also factor out of these difference
scores the linear relation between baseline performance and those dif-
ference variables assessed over both age groups. The residual scores
reflect the degree to which the benefits of the facilitative cue (or the
costs of the misleading cue) are greater or lesser than those linearly
predicted by baseline performance. Because any scalar effects are,
by definition, not group specific, those effects are best estimated by
ignoring group membership. It is for this reason that it is critical to
have overlapping performance ranges between the groups: otherwise,
it is possible that the regression lines relating scale location to effect
magnitude are disproportionately influenced by group differences
and thus poorly reflect the scalar effects in question (as in, for
example, Simpson’s Paradox [Simpson, 1951]).

The residual effects can then be tested across age groups, and
should allow us to claim with greater confidence that the magnitude
of the experimental effects will be relatively free of scaling artifacts.
This technique assumes that the scaling effects (as measured by the
regression) and the effects of the experimental manipulation sum
additively, and is thus subject to the same concerns about the lin-
earity of the underlying effects, but—because it accounts for at least
a proportion of the purely scalar sources of variance—is less subject
to those worries than are most statistical applications of linear
models.

EXPERIMENT

In this experiment, we assessed the ability of younger and older adults
to complete word stems with previously studied words when provided
with the three types of cues described above. To reiterate, the loss of
control view of aging predicts greater losses with misleading cues and
smaller benefits with facilitative cues for the elderly, whereas the inhi-
bition view predicts only greater losses, but not lessened benefits.
Two different study times were employed in order to ensure a greater
amount of overlap between the age groups.
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METHODS
Subjects

Forty-two young (mean age =20, females =34) and 37 elderly sub-
jects (mean age=71, females=23) participated in Experiment 1.
The young subjects were undergraduates in an introductory Psy-
chology course at a large public university, and the elderly subjects
were healthy volunteers recruited through the media. Performance
on the Mill Hill test of vocabulary was superior for the elderly
(73%) than for the young (49%).

Design

The experiment used a 2 (age) x 3 (cue type) x 2 (study duration)
mixed factorial design. Cue type was manipulated completely within
subjects. Study time was manipulated between subjects.

Materials

Fifty-seven word pairs were used. The words in each pair were chosen
to have little or no semantic relation to one another, ranged from
three to seven letters, and were medium-frequency nouns, adjectives,
and verbs. Each subject studied the same 57 pairs, but in a different
randomly generated order.

For the test, each target word was assigned three potential test
cues, one of which was simply the first letter, followed by the appro-
priate number of dashes (p—for pear), one of which was the first two
letters (pe—), and the last of which was two letters, the second of
which was incorrect (pi—). The misleading second letter was always
chosen to allow multiple completions of the word, although no
attempt was made to equate the number of potential completions
across the conditions. The order of items on the test was also ran-
domly generated for each subject. One third of the pairs were
assigned to each of the three cue conditions.

Procedure

Prior to the study, all subjects were informed that they would be
viewing pairs of words and instructed to learn the pair such that they
could recall the second word when given the first. If there were no
questions, subjects cycled through all 57 items at a rate of 3 or 6
seconds/item with a 1-s interitem interval. After study and a ~1-min
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distractor phase during which subjects answered brief autobiographi-
cal questions, instructions for the test were given. Subjects were told
that they would be provided with the first (cue) word and part of the
second (target) word on the computer screen and should type in the
entire target word, if they could remember it. They were also
informed that they would sometimes be given just the first letter
and sometimes the first two letters of the target word, but that second
letter might be wrong. An example of all three conditions was pro-
vided in the instructions. During the test, subjects entered the target
word when they could remember it, and skipped the trial or guessed
when they could not. Errors of commission and omission were scored
the same. After the experiment, all subjects were debriefed and shown
their results.

RESULTS

The raw data are shown in Figure 1. Because the study time variable
was not of relevance to the predictions tested here, and because it did
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Figure 1. Proportion of correct responses to facilitative, baseline, and mis-
leading items as a function of age. Error bars show the standard error of the
mean.
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not interact with the other variables, it is collapsed across in Figure 1.
The results of all inferential tests reported here and throughout the
paper are reliable at the o =.05 level using two-tailed tests unless
otherwise noted. Separate-variance ¢ tests are employed for all
between-group comparisons using degrees of freedom approximated
via Welch-Aspin estimation (Aspin, 1948; Welch, 1947).
Examination of baseline performance revealed differences between
the age groups, as expected (separate-variance #(74.6) =4.08). At this
level of analysis, young (paired #(41)=5.96) and old (paired
1(35)=6.26) subjects showed a beneficial effect of the facilitative
cue. In addition, the detrimental effect of the misleading cue reached
significance for the performance of old (paired #(35)=3.77) but not
young (paired #(41)=1.47) subjects. As noted before, this analysis
is naturally subject to serious concerns about the nature of the
measurement scale. More importantly, comparing performance
between the age groups in the two nonbaseline conditions—the criti-
cal test of the hypotheses laid out here—is even more awkward
because of the between-group differences in mean baseline perform-
ance. Thus, the three scores were converted to differences from
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Figure 2. Benefits of the facilitative cue and costs of the misleading cue,
relative to baseline, as a function of baseline level. Regressions show a likely
artifactual age-independent relation between baseline and the two derived
measures.



Cued Recall and Aging 71

0.06

0.04 -

| Cdsts

Benefits and costs
o
o
o

-0.02

-0.04

-0.06

Age group and experimental condition

Figure 3. Residual benefits and costs as a function of age group following
removal of the effect shown in Figure 2. Positive benefits indicate superior per-
formance; positive costs indicate poorer performance. Error bars show the
standard error of the mean.

baseline. Neither benefits (separate-variance #(72.3) = 1.12) nor costs
(separate-variance #(75.5) = 1.32) differed reliably between age groups
on these corrected scores.

Although this correction serves to remove variance in performance
that owe strictly to differences in baseline between the age groups; it
does not address the important confound that those differences in
baseline likely induce differential scalar artifacts across the two
within-subject conditions. To address this problem, the difference
scores (benefits and costs) were regressed onto baseline performance
across the age groups, and the residual benefits and costs were ana-
lyzed. The regressions are shown in Figure 2 and illustrate the
hypothesized effect: As baseline performance increased, benefits
became smaller and costs became larger. Figure 3 shows the residual
effects and reveals a reliable difference between the age groups for
both costs (separate-variance #(75.7)=2.01) and benefits (separate-
variance #(74) = 2.00).
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DISCUSSION

It is interesting to note that the interpretation of the effects in this
experiment depend critically on assumptions made about the nature
of measurement scales. The raw data revealed one pattern, the devia-
tions yet another, and the analysis of residuals told a third story.
Psychologists often trust their eyes more than their theories, and one
might be tempted to argue that the patterns evident in Figure 1—in
which age differences arose in the misleading but not facilitative con-
dition—are “purer’” than their mongrel cousins shown in Figure 3. I do
not wish to proselytize about the virtues of the present analytic
approach, but I do want to emphasize that an acknowledgement of
underlying assumptions is always in order. The assumptions made
here are straightforward but not entirely noncontentious: that scaling
effects on difference scores sum linearly with true condition effects to
yield the obtained measurements. To rely upon the untransformed
data, one must be willing to accept that the apparata of the general lin-
ear model is appropriate for the current measurement scale. I believe
that scale boundaries seriously compromise that application, and have
thus described one way to attempt to tease out a portion of the
scale-related effects (see also Faust et al., 1992).

The results of our experiments reveal that the elderly suffer more
under cuing conditions that are misleading, a finding that could be
expected on the basis of the wide array of data showing an
age-related deficit in inhibiting irrelevant information that comes to
mind. In the misleading cuing condition, the invalid cue elicits numer-
ous completions, none of which are the correct response. Young sub-
jects may be more able to successfully inhibit the conscious products
of this cue when no answer is apparent, and perhaps engage the same
retrieval processes that they use when only the first letter of the target
word is available, as in the baseline condition. A plausible expla-
nation for the inability of older subjects is that they are unable to sup-
press the automatic influences of the cue, and cannot keep the
retrieval products of that cue out of working memory long enough
to engage in an undisrupted retrieval attempt using only the first let-
ter. This phenomenon is perhaps analogous to the situation in which
an answer to a particular crossword clue feels more difficult to access
because of misleading letters garnered from incorrect neighboring
responses. It is thus conceivably advantageous to maintain a fairly
conservative criterion for responding in such puzzles, lest one be
misled by previous incorrect answers!

However, it is also the case that older subjects benefit less than their
younger counterparts from the provision of an additional facilitative
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retrieval cue. Presumably, unlike the case with the invalid cue, this
difficulty does not arise from an inability to suppress irrelevant and
misleading responses that come to mind. It does appear that the
beneficial cue either orthographically constrains responses that come
to mind more effectively or serves as a useful external validation for
the responses that do come to mind, because recall performance does
improve relative to the baseline condition for both young and old
subjects. The age-related disadvantage in this condition (with facilita-
tive cues) is not naturally handled by the simple version of the
deficient-inhibition view of age-related deficits in memory presented
here.

It could, however, be the case that the same problem of inhi-
bition—namely, suppressing completion alternatives—impairs the
performance of older subjects in the facilitative as well as the mislead-
ing condition. Whereas the misleading condition leads to the gener-
ation of candidates, none of which have been studied, the
facilitative condition leads to the generation of candidates, only
one of which has been studied. If that number of candidates is high,
then the necessity to suppress alternatives is nontrivial, even in the
facilitative condition. Thus, an extension of the deficient-inhibition
view can handle age-related impairments in the facilitative condition,
but additionally predicts that the effects of age should be smaller than
the misleading condition (because the correct answer is more likely to
be a part of the set of generated possibilities in the facilitative than
misleading condition). As can be seen in Figure 3, that effect does
not obtain—in fact, the magnitude of the age-related effect is some-
what larger in the facilitative condition.

The obtained results are, however, consistent with the broad view
that older adults exert generally less control over strategic aspects of
retrieval situations, such as accurately perceiving external cues, trans-
lating those cues into useful internal search cues, and filtering the
retrieved products effectlvely (e.g., Benjamin, 2008 Castel, 2008).
The young adults in our experiment might adopt a strategy, for
example, of searching first for words that match the first letter of
the cue—regardless of whether a second is presented—and then only
using the second letter if the first retrieval attempt is unsuccessful. If
older subjects simply use the strategy of submitting to memory what-
ever retrieval cues are available, even if they are known to be of
occasionally limited potential, then they will have compromised their
retrieval in two ways. First, the misleading cues will lead them astray
and decrease their chances for eventually arriving at the answer.
Second, they have limited the number of useful interrogative cues
in the facilitative case to one, whereas the young have two. Although
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it is obvious that the world of possible completions to “st—"" must be
a logical subset of those to “s——,” it is not necessarily the case that
the retrieval products of the two cues share the same nested relation-
ship, nor that the strategic search initiated by each employs the same
parameters (cf. Tversky & Kahneman, 1983).

This explanation is entirely speculative, of course, but it does pro-
vide an example of a parsimonious view whereby both effects evident
in our data can be explained with a single putative mechanism. It is
my view that any comprehensive view of memory and aging must
account for a general loss of strategic control over the use of memory,
rather than a specific loss of inhibitory processes.
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