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The construct of working memory has become a central component of
many models of cognitive functioning, including thosc developed in the
arcas of thinking, problem solving, and memory, as well as in most aspects
of language processing, such as comprehension, production, and reading.
Generally, working memory is conceptualized as a mental workspace con-
sisting of activated memory representations that are available in a tempor-
ary buffer for manipulation during cognitive processing. These activated
representations may or may not be available to consciousness, but they are
usually thought to be above some threshold of activation (Baddcley, 1986,
1992: ¢f. Cowan, 1988, 1993). Working memory has both storage and
processing functions, cnabling both the temporary maintenance of active
representations in memory and also the manipulation of these representa-
tions in the service of current processing demands. In tasks such as lan-
guage comprehension, in which complex processing of current informa-
tion is ongoing but in which continuity with previous information must
be preserved at all times, efficient operation of both the processing and
storage components of working memory is critical. Demands placed on
working memory at any given time will, of course, vary across situations
and across individuals who differ in expertise or cognitive abilities.

Although there is considerable agreement that working memory plays
a critical rolc in cognitive processing, a lack of conscnsus cxists among
cognitive theorists as to how best to conceptualize working memory and
the role it plays in different cognitive activitics. In this chapter we first
consider conceptualizations of working memory that stress its purported
limited capacity, and then we turn to an alternative (first proposed by
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Hasher & Zacks, 1988) that tocuses on the inhibitory control of the
contents of working memory. Following a review of the evidence relevant
to this alternative, particularly evidence stemming from studics exploring
adult age differences in attention, memory, and language, we shall con-
clude with a discussion of issucs that are in need of further clarification and
investigation.

Working Memory and the Limited-Capacity
Assumption

Almost all conceptions of working memory assumc that there is a limit in
the extent to which working mémory is able to hold and process informa-
tion. However, despite its apparent widespread appeal, significant prob-
lems exist with the limited-capacity assumption, some of which relate to
limited-capacity notions in general, whereas others relate to working
memory in particular. With regard to the former, Allport (1989) and
Navon (1984) among othcrs have provided excellent critiques of the gen-
eral notion of capacity limitations on cognitive processing, and it is not
our wish to reiterate here all of the arguments put forward by these
authors. Suffice it to say that there arc both conceptual and empirical
shortcomings to limited-capacity views. These include the vagueness of
the central constructs and the failures of findings (for instance, from dual-
task situations) to conform to rcasonable predictions derived from the
assumption of a capacity limitation on some central resource.

With respect to working memory, one problem is that the locus of the
‘proposed limitation in the ability to hold and process information has
been hotly debated. Virtually every possible aspect of working memory
has been pinpointed as the capacity limitation by one investigator or
another; these include storage capacity, amount of available activation,
processing capacity, and ability to allocate resources to both processing
and storage components (sec, €.g., Engle, Cantor, & Carullo, 1992). After
~many years of rescarch, no conscasus has been reached as to the particular
source of the working-memory capacity limitation.

Other difficultics for the limited working-memory capacity notion
have become apparent in the actual quest to measure working memory in
terms of both its storage capacity and its processing capacity. Thus far,
considerable cffort has failed to yicld any measure or group of measures
that arc agreed to measure the capacity of working memory in an accu-
rate and reliable manner. Related to this is the existence of conflicting
evidence regarding whether particular working-memory measures tap into
a domain-specific resource or a general resource. For cxample, although
Daneman and Tardif (1987) concluded in favor of the domain-specific
view, Engle et al. (1992) concluded that working memory was a general
resource that served a wide variety of verbal and nonverbal cognitive tasks.

Nonetheless, because of its face validity and intuitive appeal, and
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because it has served as a productive framework in a number of difterent
contexts, the limited-capacity tradition has survived despite the problems
discussed above. Here, we brictly review some of the work exploring the
possibility that individual ditterences among adults and group ditferences
among adults of varying ages might be attributed to variations in their
working-memory capacity.

Individual Differences in Working-Memory Capacity

One main path for verifying specific hypotheses about the way in which
limited capacity affects cognitive functioning is to compare individuals or
groups that arc presumed to difter in working-memory capacity. The
rescarch strategy is to usc some measure of working-memory capacity and
to correlate performance on that task with performance on other cognitive
tasks that arc of intcrest, such as language-comprehension. This sort of
approach has been used to study individual diffgrences in language pro-
cessing and group differénces among, for (.\(lﬂ‘l)l(. younger and older
adults, children of various ages, and paticnts with Alzhcimer’s discase.

As John Richardson mentioned in Chapter 1, the first task used in the
language-comprehension literature to measure working-memeory capacity
was the “reading-span” task (Daneman & Carpenter, 1980). In this task,
subjects arc asked to read sets of sentences of moderate complexity and
then to do two things: to comprehend cach sentence and to remember the
last word of cach sentence (thus tapping both the processing and the
storage components of working memory). “Reading span” is then mea-
sured by the largest sct of sentences in which a subject is able consistently
to remember the last word of cach sentence.

The carly work by Daneman and colleagues showed that their index of
working-memory capacity predicted several performance measures refated
to verbal ability, including the verbal score in the Scholastic Aptitude Test
(SAT), the accuracy in determining the referent of a pronoun, the accuracy
in determining novel word meanings by using the surrounding context,
and scores on items testing comprehension (Daneman & Carpenter, 1980,
1983). Corrclations between reading span and the various language-
comprehension performance scores were in the .70 to .90 range, with
corrclations between reading span and verbal SAT generally above .50.
Other investigators, however, have not been so successtul at finding such
strong corrclations. For example, among a small (and possibly unrepresen-
tative) samplc of papers (Baddeley, Logic, Nimmo-Smith, & Brereton,
1985; Engle, Carullo, & Collins, 1991; Light & Anderson, 1985), the
highest correlation between a version of the reading-span test and compre-
hension is about .54. In somc instances (sce Light & Anderson, 1985,
Experiment 2), the corrclations are not even statistically significant.

Another complication, which has arisen since the carly rescarch on
working memory, involves conflicting findings on the predictive value of
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working-memory—span tasks (which involve both processing and storage
components) versus simple span tasks (which mainly involve storage and
arc usually measured by digit or word span). Although Dancman (c.g.,
Dancman & Carpenter, 1980; Daneman & Tardif, 1987) has argucd that
‘simple span scores are not nearly as predictive as working-memory scores
in a varicty of tasks, others have more recently found that simple span
scores can be as predictive as working-memory—span scores (sce, for ex-
ample, Engle et al., 1991).

Just, Carpenter, and their colleagues (c.g., Just & Carpenter, 1992;
MacDonald, Just, & Carpenter, 1992) have recently corrclated scores on
the original working-memory—span tasks with performance on various
language-processing tasks. The data are compelling in suggesting that the
capacity of working memory accounts for much variance in the. pertor-
mance of young adults, at least in their population (undergraduates at
Carncgic Mcllon University). Despite this success in relating performance
to the capacity of working memory, alternative explanations have been
presented for these individual differences (see MacDonald & Perlmutter,
1993). ' '

Gfoup Differences in Working-Memory Capacity
Associated with Aging

With regard to aging, the basic argument of capacity theorics is that older
adults exhibit poor performance across a wide varicty of -cognitive tasks
because of the reduction in working memory that occurs with increasing
age. This viewpoint predicts that older adults will have lower ‘average
scorcs on measures of working-memory capacity, and furthermore that the
differences in working-memory capacity can account for age ditferences on
the target cognitive tasks (so that, when working-memory capacity is
partialed out, age will no longer exhibit a significant association with the
level of performance). The support for the first of these predicrions is fairly
strong, but, cven so, there are reports of failure to find age differences on
tests of working-memory capacity (c.g., Hartley, 1986, 1993). Further-
more, cven when age differences in the capacity of working memory are
found, it is not always the case that age differences in performance on
memory and language tasks are attributable to the working-memory dif-
ferences (c.g., Hartley, 1986, 1993, Light & Andcrson, 1985; sce Light,
1991, for a review of the relevant literature on both of these points). A
further complication is that there is a lack of consensus as to the specific
aspect of working memory (i.c., storage, processing, or coordination
mechanisms) that is compromised (cf. Craik & Jennings, 19925 Salthousc,
1990). ' :

In sum, the literaturc on age-relared pertformance ditterences, our
central interest, has lent mixed support to the reduced-capacity approach.
Despite the kinds of conceptual and empirical problems mentioned above,
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some authors (such as Craik & Jennings, 1992; Salthouse, 1990) continuc
to hold this up as a good model for generating and understanding. re-
scarch. However, others (Hasher & Zacks, 1988; Light, 1991) have called
for altcrnative accounts. In our vicw, capacity theorics, although both
intuitively appealing and intermittently successful in accounting for a
broad range of findings (at lcast on the surface), are ultimately not as
productive as approaches that scck to reveal underlying processes. These
processes (which may or may not be capacity-limited) will vary in their
cfficiency across individuals and groups and affect processing in complex
and intcresting ways that arc not necessarily predicted by capacity views.
We have generally found capacity explanations for individual as well as
group difterences to be unsatisfying, becausc there could be multiple rea-
sons for capacity reductions and multiple ways in which these capacity
reductions produce performance differences. In fact, we (Hasher & Zacks,
1988; Zacks & Hasher, 1994) have argued that other problems may be
the underlying cause of what appcars to be decreased capacity in older
adults. '

An Alternative View to Capacity

“The failure of the capacity model of working memory to account satisfac-
torily for differences between older and younger adults’ performance led
Hasher and Zacks in 1988 to turn their attention from views that empha-
sized the sheer capacity of working memory to a new view emphasizing the
contents of a working memory that might or might not be limited in size.
At the time, Hasher and Zacks offered their view as an altcrnative to
limited capacity; this is because they considered the notion of limited
resources to be a problematic and possibly unnccessary assumption. At
the very least, they considered capacity views to offer an incomplete ex-
planation for patterns of performance. The alternative view developed by
Hasher and Zacks was based on the idea that it was not the size of a
working memory that would determine performance but how well the
contents of the working-memory (or activated-memory) sct represented
the current task goals. If the activated information in memory werc closely
tied to the goals of the ongoing task, then performance would be good. If,
on the other hand, the set of activated information included thoughts that
were irrelevant to the task at hand, then the simultancously processed
relevant and irrelevant trains of thought would creatc a situation analo-
gous to a divided-attention task. '

A consequence of creating such a divided-attention situation is that
comprchension and memory performance would be likely to suffer
through scveral avenues. First, divided attention could create difficulties at
encoding. “Cross talk” between concurrent streams of information would
be likely to occur, especially if attempts were madec to integrate irrelevant
ideas with ongoing discourse. Because of these encoding complications,
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comprchension and retrieval would be less successful, cither because the
information to be retrieved was not sufficiently encoded or because the
association of relevant and irrelevant material at the time of encoding
created competition at retricval among the relevant and irrelevant aspects
of information. Competition could also cause slowed retrieval during the
immediate memory scarches that would be necessary to maintain coher-
ence in the discourse (for example, searching for the referent of a pro-
noun). In addition, yet more retrieval interference would be likely if, at the
time of retricval, any further distractions were cither internally gencrated
or externally presented.

The key to successful processing, then, from Hasher and Zacks’s view-
point, is to allow relévant information to enter working memory, but to
keep irrelevant information out of working memory. Morcover, because

“the nature of on-line processing ensures that information once relevant
will sometimes become irrelevant as processing proceeds, the compre-
hender must work to remove that currently activated information’ from
working memory in a routine, quick, and cfficient manner. Hasher and
Zacks (1988), thercfore, suggested that the functioning of working mem-
ory was intimately ticd to mechanisms of attentional selection. In particu-
lar, they postulated inhibitory processes that could accomplish the dual
tasks of screening access to working memory and suppressing previously
relevant, but currently irrelevant, information from working memory.

As we previously noted, Hasher and Zacks’s inhibition view of working-
memory processes arose in the context of accounting for adult age dif-
ferences in memory and comprehension performance. There is extensive
documentation in the aging litcrature of increased distractibility and sus-
ceptibility to perceptual interference in elderly adults. Compared with
younger adults, older adults show clevated response times and crrors in
visual scarch when distractors are present in a display and there arc no
spatial cucs to help them to focus their scarch (Madden, 1983, Plude &
Hoyer, 1985; Rabbitt, 1965). Older adults show large Stroop interfer-
ence cffects, possibly because they are less able than younger adults to
suppress the familiar response of reading a color word when asked to name
the word’s color (Cohin, Dustman, & Bradford, 1984; Comalli, Wapner,
& Werner, 1962). In some cases, older adults are also more distracted than
younger adults in “flanker” tasks, in which irrelevant information is visu-
ally presented in close proximity to relevant information (e.g., Cremer &
Zeef, 1987; Shaw, 1991). Such findings of increased interference and
general susceptibility to “noisc” in the environment (Layton, 1975; Wel-
ford, 1958) led some researchers to suggest that an inhibitory process was
impaired in the clderly (c.g., McDowd, Oscas-Kreger, & Fillion, 1995;
Rabbitt, 1965).

Recent work has confirmed that clderly adults are impaired in one
particular task that is thought to be a direct indicator of the inhibitory
processes of attention. The task requires a simple sclection response, but
on some trials the item that previously scrved as a distractor becomes the
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current target. On these trials, younger adults show slower response times
and crrors compared with trials on which successive targets and distrac-
tors arc unrelated (e.g., Dalrymplc -Alford & Budayr, 1966; Neill, 1977;
Tipper, 1985). This difference in responding has been attributed to the
suppression of distractors, which results in making them temporarily less
available as a responsc (Tipper, 1985). If clderly adults suffer from an
inhibitory deficit, they should not show the suppression cffect demon-
strated by young adults, and this is just the pattern that has been ob-
tained in scveral studics (Hasher, Stoltzfus, Zacks, & Rypma, 1991; Kanc,
Hasher, Stoltzfus, Zacks, & Connclly, in press; McDowd & Oscas-Kreger,
1991; Stoltzfus, Hasher, Zacks, Ulivi, & Goldstein, 1993; Tipper, 1991).1
Hasher and Zacks (1988) suggested that the failure of inhibitory selection
mechanisms might be pervasive in elderly adults’ cognitive performance,
impairing not only attention and perception but also memory, thinking,
and language processing, by providing only a loose monitor of the con-
tents of working memory. The ultimate consequence of poor inhibitory
processing in cldcrly adults would be an increase in irrelevant or margin-
ally relevant ideas in working memory, thus dividing attention, producing
interference, and culminating in increased memory and comprdmmon
failures.

Although the inhibition theory was devised as an explicit alternative
to capacity theorics, it is conceivable that it could be interpreted as a
capacity view, in the sense that, when irrclevant information gains access
to working memory, it lcaves less “space” for the storage or processing of
relevant information. In fact, it may be difficult to distinguish empirically -
between, on the onc hand, performance limitations that result from a
reduced capacity for relevant information caused by the maintenance of
irrelevant information and, on the other hand, performance limitations
that are the consequence of “cross talk” between concurrently activated
relevant and irrelevant information in a working memory with no intrinsic
capacity limit. It has also been suggested that inhibition might itsclf be a
resource-limited process (c.g., Neumann & DeSchepper, 1992; and see
Chapter 4 in this volume by Randali Engle), introducing another form of
capacity limitation. The synthesis of inhibition and capacity views may
turn out to be useful, in part because capacity notions by themsclves are
insufficient. We now turn to a summary of some of our recent work that
has been motivated by the reduced-inhibition view.

Although failures in memory and comprehension are predicted by
many theories of aging (including several resource theories), the inhibi-
tion framework makes unique predictions about age differences in perfor-
mance. The major predictions arc as follows:

1. Greater breadth (or envichment) of working-memory information.
Because suppression mechanisms are less cffective in blocking en-
trance to working memory in older as opposed to younger adults,
older adults should show evidence of more information becoming




Working Memory and Aging o 73

active in working memory than younger adults. The additional
active units might include irrclevant word meanings or associatcs,
contextually inappropriate interpretations of sentences, daydreams,
or personalistic items.

2. Sustained activation (or maintenance) of thoughts. Older adults should

~ have difficulty climinating information from working memory
when it is activated but becomes irrelevant. Older adults should
therefore show greater activation of previously relevant informa-
tion, cven, perhaps, when it is inconsistent with their current goals
or other simultancously active representations.

3. Greater interference at encoding and vetvieval. The opportunity for
competition among thoughts should be increased for older adults
at the time of both encoding and retrieval because of the concur-
rent presence of irrclevant thoughts during both cencoding and
retricval and also becausce of the linking of irrclevant thoughts to
target information in memory.

We now review some recent evidence bearing on the above predic-
tions. As will be seen, much of the evidence is consistent with the inhibi-
tion theory, although there are some limits to the findings and the theory.
These will be discussed in the final section of this chapter.

Prediction 1: Greater Breadth or Envichment of Working-
Memory Information

Much indirect evidence exists for the prediction of greater enrichment of
working memory through the inability to suppress extrancous informa-
tion. For example, Connclly, Hasher, and Zacks (1991) presented pas-
sages with distracting text (in standard font) intermixed with the target
text (in italics). As indicated by their reading times and their performance
on comprchension items, older adults had greater difficulty reading the
passages with distracting text. This suggests that older adults werc having
difficulty inhibiting the irrelevant text as they read the target text. But how
exactly is this related to decrements in comprehension? A condition in
which distracting text was semantically related to the target text is relevant
here: Older adults showed particularly compromised speed and compre-
hension in this condition. In thesc circumstances, “irrclevant” information
is actually marginally relevant information, and it appears to enter working
memory and to interfere with target processing to a greater extent in older
adults than in younger adults (who showed no performance difterence
between text-relevant and text-irrclevant passages). As the same distractors
appeared repeatedly throughout a paragraph in this study, an additional .
source of difficulty might have arisen from the opportunity for distractors
to become familiar to older adults and thercfore to become very casily
reactivated when they were encountered again.

Another finding indicating that older adults have difficulty suppress-
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ing nontarget information comes from rescarch using the flanker task. In
this task, subjects categorize a central word (or letter) that is flanked on
cither side by nominally irrclevant words (or letters). Consistent with the
reduced-inhibition view, Shaw (1991) recently found that, although older
adults showed the same amount of facilitation as did younger adults from
flankers whose category membership was consistent with the target, they
showed a greater degree of interference from flankers whose category
membership was inconsistent with that of the target.

A more direct study of the enrichment of working memory explored
the activation of information during sentence processing by examining the
availability of various scentence endings. The study used materials and
procedures similar to thosc employed by Schwanenflugel and collcagucs
(see Schwanenflugel & LaCount, 1988; Schwancnflugel & Shoben, 1985)
to investigate the effects of sentence constraint on the number of sen-
tence endings that were available to subjects. Stoltzfus (1992) presented
younger and older adults with sentences that were missing their final word
(for instance, “The landlord was faced with a strike by the ™.
The availability of sentence endings was tested using a lexical decision
response for words that were highly expected according to production
norms (e.g., tenants) or relatively uncxpected but quite appropriatc for the
context (c.g., residents). Lexical-decision response times were then com-
pared with thosc in a control condition where subjects saw target words
after a neutral context (strings of the letter X). Although younger adults
showed priming only for the highly expected words, thus demonstrating a
relatively narrow range of availability of cndings, older adults showed
priming for both types of endings, suggesting that a broader range of
endings was available to them while processing the sentences.

Several studics of speech production have suggested that older adults
also enrich their speech with a broader range of information than do
younger adults. For cxample, older adults tend to producec morce person-
alistic information and off-track comments in their narratives (Arbuckle
& Gold, 1993; Gold, Andrcs, Arbuckle, & Schwartzman, 1988; Obler,
1980). These ideas may occur to younger adults as well, but they do not
produce them as often as do older adults, perhaps because older adults
cannot casily suppress such thoughts once they come to mind.

Prediction 2: Sustained Activation or Mantenance
of Thoughts

The second prediction, that older adults should have sustained mainte-
nance of activated information, should result from the difficulty in elim-
inating activated information that becomes irrclevant: In other words,
they would fail to update working memory to reflect their current goals.
The reading of garden-path passages represents one situation in which this
ability to updatc is important. These passages begin by misleading their
reader into making an inference that turns out to be falsc. For example, the
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reader might be led to believe that a character is on a hunting safari, when
in fact he or she is on a photographic safari. In one such study, Hamm and
Hasher (1992) presented various passages to younger and oldcr adults and
" measured the availability of critical inferences at two points during the
passages. Although older and younger adults performed in a similar man-
ner on non-garden-path control passages, they showed a very different
pattern of availability during passages that had a garden-path manipula-
tion. For these passages, older adults were much more likely than younger
adults to show activation of two separate, competing interpretations of the
passage, despite the presentation of disambiguating information.

In addition to “on-line” evidence for the maintenance of information
that should be rejected, there is evidence concerning the later retention of
such information. Hartman and Hasher (1991) presented subjects with
single sentence frames that had highly predictable endings. Subjects were
instructed to generate an ending after reading a sentence frame, but were
then sometimes presented with another ending to remember instead of
their own, sclf-generated ending. In a task that, to subjects, appeared
unrelated to the sentence-genceration task, subjects were given an implicit
memory test that tested memory for both generated but disconfirmed
endings, and for the target endings that subjects had actually been in-
structed to remember in place of their own endings. Both older and
younger adults showed memory for the target endings, but only older
adults demonstrated memory for the disconfirmed cndings. Hartman
and Hasher concluded that the better memory shown by the older adults
was a result of a compromised ability to suppress the disconfirmed end-
" ings. .

A similar result arosc in several experiments on directed forgetting
carried out by Zacks, Radvansky, and Hasher (1994). Here, subjects were
presented with lists of words, some of which they were instructed to .
remember, as well as others that they were instructed to forget. In a final
free-recall task in which subjects were asked to recall the “forget” items as
did well as the “remember” items, older adults tended to recall at least as
many “forget” items as did younger adults, while showing much poorer
recall of the “remember” items. This pattern suggests that older adults
were less able to follow “forget” cues at encoding. In some cases, older
adults in this study also showed increased numbers of intrusions from the
previous lists when they attempted to recall cach list’s “remember” words
during the experiment. Such a result is not surprising in the performance
of older adults, who have been reported to show increased intrusions in
the free recall of sentences (Stine & Wingficld, 1987), increased produc-
tions of alrcady-produced responscs (Koriat, Ben-Zur, & Shefter, 1988;
Whitaker, 1992), increascd false alarms for scmantic associates of previ-
ously présented words (Rankin & Kausler, 1979; Smith, 1975), and in-
creased difficulty in changing a highly practised response pattern (c.8-
Dulancy & Rogers, 1992; Hess, 1982, Experiment 3).

The inability to inhibit information that is no longer relevant has
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been targeted in another theory, which has been proposed to account for
ditferences in verbal ability among young adults. Gernsbacher’s (1990)
“structure-building” framework assumes that general-suppression pro-
cesses help comprehenders to build and to maintain an accurate and coher-
ent text representation, and she has been quite successtul in linking sup-
pression efticiency to performance on various memory and comprchension
tasks. Gernsbacher has shown, for example, that poor comprehenders
maintain the inappropriate meanings of homographs longer than do good
comprehenders (sec Gernsbacher & Faust, 1991). The poor compre-
henders in her studies appear to have no difficulty activating correct inter-
pretations, but they are less cfficient in suppressing candidate interpreta-
tions that turn out to be inappropriate. This pattern parallels the findings
we sce with younger and older adults.

Prediction 3: Greater Intevference at Encoding and Retvieval

Data relevant to the prediction that the memory performance of older
adults will show an increased sensitivity to interference effects at both
encoding and retricval come from our rescarch using the “fan-cffect” para-
digm developed by Anderson (1974, 1983). In fan-cffect experiments,
subjects first lcarn a sct of target facts, such as the following cxamples
taken from Gerard, Zacks, Hasher, and Radvansky (1991): “The doctor
took the car for a short test-drive”; “The judge cut the apple pic into six
picces.” In a subsequent speeded recognition test, subjects are asked to
distinguish between the target facts and unstudied foil facts constructed
from re-pairings of the subject and predicate phrases of the targets (c.g.,
“The doctor cut the apple pic into six picces™). The fundamental finding,
the fan effect, is tied to “fan size”: The more facts learned about a particu-
lar concept (such as the doctor), the longer it takes to rctrieve any onc of
those facts and usually the more crrors are made.

Consistent with our cxpectations, Gerard ct al. (1991) found that
older adults showed much larger fan cffects than did young adults in terms
of both reaction times and crrors. We attribute this outcome to the cffects
of reduced inhibition that occur both at encoding and at retricval. To be
specific, we believe that, at encoding, older adults arc less able than young-
cr adults to suppress irrclevant thoughts activated by the experimental
materials, and that they may have a harder time constraining rchearsal to a
single experimental item. Consequently, cach experimental fact is likely to
be associatively elaborated with additional information. At retricval, this
additional information is reactivated, thus creating problems for the older
person in searching for the target information. In addition, older adults
arc likely to suffer more than young adults from additional irrelevant
thoughts that may be clicited by the memory probcs.

It may also be noted that, although there are some negative findings
(cf. Kausler, 1990), the results of studies involving more traditional inter-
ference procedures (that is, retroactive and proactive interference) are,
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under certain circumstances at least, supportive of the notion that older
adults show an enhanced sensitivity to interference from nantarget mate-
rials. These circumstances include the use of sensitive measures such as
error analyses and reaction times and also experimental procedures that
give the opportunity for signiticant amounts of interference. Under thesc
conditions, older adults tend to show enhanced proactive and retroactive
interference. A particularly interesting recent finding comes from a study
by Klicgl and Lindenberger (1993), who used a paradigm in which sub-
jects learned a sequence of paired-associate lists involving the re-pairing of
the same items (in other words, an “A-B, A-Br” paradigim), and found
that, cven when the overall performance was equated across age groups,
older adults showed an increase in intrusion errors consisting of responses
that had been correct on the preceding lists (sce Gerard et al., 1991, and
Kane & Hasher, in press, for other relevant evidence).

Further Considerations and Future Directions

Taken as a whole, the evidence for the inhibition view is encouraging.
Older adults appear to have difficulty inhibiting irrelevant information
whether it is internally generated (e.g., during speech) or externally pre-
sented (e.g., when visual distractions are present during reading). They
further have difficulty rejecting activated information when, under a vari-
ety of circumstances, it Jater becomes irrelevant. These circumstances lead
to increased levels of interference at both encoding and retrieval.

Our modcl-building approach shares with that of Baddeley (1992)
the strategy of using new data to influence the model’s development. To
this end, several issues regarding current findings need to be considered.
First, we will address an empirical problem of separating broad activation
from the sustained maintenance of activation (Predictions 1 and 2 above).
Second, we will consider the issue of memory for irrelevant information,
and the conflicting data in the literature about whether older adults arc
more likely to remember irrelevant information. Next, we will consider a
related problem, that of measuring performance in the case of “relevant”
and “irrelevant” information, since the determination of relevance may be
difficult; especially given the potentially different goals of younger and
older adults. Finally, we will discuss the functions of inhibition and situa-
tions where inhibitory deficits might lead to performance advantages.

Empirical Separability of Predictions 1 and 2

Hasher and Zacks (1988) considered the enrichment of working memory
and the sustained maintenance of activation to be two separate conse-
quences of inhibitory failure, but these might be difficult to scparate cm-
pirically. The root of the problem is that addressing this issuc requirces
precise knowledge of the time course of activation and suppression for
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younger and older adults in cach task. This sort of on-line testing is
ditticult to implement (in studies of text processing, for example), and
hence we have little evidence to distinguish clearly between broader initial
activation in older adults and the failure of older adults subsequently to
suppress information that is initially activated for both younger and older
adulss.

it should also be noted that there is a body of evidence against the
initial-breadth prediction. For example, using word-production measures
and single-word priming measures, both the strength and the breadeh of
the associations produced by younger and older adults are gencerally found
to be the same (e.g., Burke & Peters, 1986; Burke, White, & Diaz, 1987,
Howard, 1980, 1983; Howard, McAndrews, & Lasaga, 1981). There is
also some cvidence that multiple senses of homographs are not differen-
tially activated in older and younger adults (Burke & Harrold, 1988).
Finally, studics that have used introspective methods for determining the
number of task-unrelated thoughts generated by young and older adults
have suggested that older adults actually experience fewer task-unrelated
thoughts and daydreams than do younger adules (¢.g., Giambra, 1989).

On the other hand, one new hine of work that is consistent with the
broad-activation prediction assesses semantic priming under strict and
short deadlines (Laver, 1992, 1994). Even under these bricf and demand-
ing circumstances, older adults show more priming than do younger
adults. Tt might be that the greater number of alternatives activated by
older adults increases the likelihood of a match between the prime and the
target, thus producing the larger priming ctfects seen in older adults. In
summary, evidence for the breadth prediction is more controversial than
cvidence for the failure-to-suppress prediction. It might be premature,
however, to conclude that there is substantial evidence against a broad-
spread activation view without further rescarch. It is increasingly clear
that small diffcrences in the experiment-wide composition of materials can
alter the strategies of younger subjects (e.g., Stoltzfus & Hasher, 1990;
Tweedy, Lapinski, & Schvanceveldt, 1977), and this may also hold true for
older adults. In addition, further exploration of the time course of process-
ing in cach task will be usctul for resolution of this issuc.

Memory for Irrelevant Information

If older adults process more irrclevant information, or if they experience
more sustained activation of this information, it follows that they should
not only have decreased memory for target information but should also
have better memory for irrclevant information (proportionately, at least)
than younger adults. However, the empirical evaluation of this prediction |
is cornplicated by the fact that the increased retrieval interference predicted
for older adults should affect memory for both rclevant and irrclevant
information. With respect to target information, the impact of an in-
creased sensitivity to interference is demonstrated by the following ‘pattern
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of data, for which there is ample cevidence: Older adults remember less
target information on explicit memory tasks (see Kausler, 1990, for an
overview), but they show a smaller or nonexistent impairment on implicit
tasks that may involve minimal retricval interference (e.g., Howard 1988;
Light & Singh, 1987).

The findings regarding memory for irrelevant information are likewise
dependent upon the type of test used to measure memory (sce also Hart-
man & Dusck, 1994). To illustrate this point, we return to a study that we
described carlier, in which Connelly ct al. (1991) asked subjects to read
storics presented amid distracting text printed in a different typeface. Old-
cr adults showed a greater slowdown in reading time than young adults
when distraction was present during reading, which suggests that they
were paying more attention to the distracting words. However, younger
and older adults showed cqual retention for distractor items from the
reading task when those distractor items were used as foil answers in a
series of multiple-choice questions. In fact, some studies have found that
older adults remember less distracting information than do younger adults
when explicit memory tests are used (c.g., Kausler, 1990; Kausler &
Kleim, 1978).

On the other hand, Shaw, Rypma, and TotHe (1992) recently used a
procedure similar to that employed in the study by Connelly ctal. (1991),
and they found that older adults actually showed better memory for dis-
tractors using a priming measure in an implicit memory task, suggesting
that older adults will show better memory for irrelevant intormation than
will younger adults under certain circumstances, including those that min-
imize retrieval interference.,

Patterns of memory performance within tests of implicit memory and
within tests of explicit memory throughout the aging literature are not
entircly consistent across studics, perhaps reflecting the mix of direct and
indirect retrieval processes that together determine performance on a par-
ticular task (c.g., Jacoby, 1991). Close examination of the retrieval de-
mands involved in different memory tasks may help to resolve this issue
(seec Hartman & Dusck, 1994). Nevertheless, there certainly appears to be
evidence that older people show refatively better memory on tests that do
not require explicit retricval, and further that they may even outperform
younger adults when irrclevant information is the focus of retrieval (see
Hartman & Dusck, 1994; Hartman & Hasher, 1991; Shaw et al.; 1992).

What do these differing results on various memory tests suggest about
the nature of retrieval processes or representations in working memory for
younger as compared to older adults? It would be expected that irrelevant
information, c¢ven when activated, should be less thoroughly processed
and less likely to enter rehearsal cycles, since it is not strongly supported by
the context. Therefore, irrelevant information should be less likely to be
remembered than target information, at least in explicit tests. Implicit
tests, especially perceptually driven ones, are less sensitive to interference
or competition at retrieval (Graf & Schacter, 1987) and are less sensitive
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to semantic cncoding manipulations (Blaxton, 1989) than are exphcit
tests, and thus they might be more likely to pick up activation of irrelevant
information in clderly adults. Tt is important to note that, alchough irrele-
vant information might not be available for explicit retrieval in older adults
because of inappropriate or inadequatce encoding and rchearsal, it might
still interfere with the explicit retrieval of other relevant information.

What Is “Irvelevant” Information?

Thus far in our discussion of performance on various memory and lan-
guage tasks we have assumed that the goals of the experimenter are gener-
ally the goals of the experimental subjects. This assumption is important to
note, because selection of information to be attended to (and therefore the
contents of working memory) will be determined by the goals of the
reader or listener. In a text-comprehension situation, for example, we
generally assume that the reader’s goal is to comprchend the passage being
read. However, the reader might be concerned about how the current text
rclates to his or her youngest daughter or how the moral of a story applics
to one’s own life. The reader could also be maintaining thoughts that are
important to that individual but have little or nothing to do with the text,
such as whether he or she should make lasagna or pizza for dinner. In cach
case, the contents of working memory will be somewhat ditferent, reflect-
ing the goals of the reader, who is also, of coursc, a person with individual
values and interests. In this scnse, nothing in working memory is ever truly
“irrelevant,” because the goals of the reader will always be reflected in the
reader’s thoughts. Thus, for cxample, both depressed (Ellis & Ashbrook,
1988) and anxious individuals (Eysenck, 1992) may have many irrelevant
thoughts in mind, but these thoughts arc only irrclevant by the standards
of those whose goals are uninfluenced by these concerns.

This acknowledgment of the individual goals of the reader was par-
ticularly important to the theory of Hasher and Zacks (1988), as the
populations compared in aging research are likely to have ditferent goals in
many situations, such as psychological cxperiments (LaBouvice-Vief &
Blanchard-Ficlds, 1982). This may, in turn, cause older adults to consider
a wider range of information to be relevant o their task. It older adults are
bringing ditferent values and thercfore broader goals to the reading situa-
tion, they will necessarily have different information (and perhaps, as we
have argued, more information) activated in working memory. Thus, dis-
tinguishing between the performance patterns associated with aging per se
and performance determined by age differences in goals becomes a con-
cern. This can probably best be handled experimentally by using, for
example, text materials that are of special interest to older adults, as well as
by studying the impact of inhibitory mechanisms upon performance in
nondiscourse tasks, where goals of the sort identified by LaBouvie-Vief
and Blanchard-Ficlds (1982) may play less of a role.

Beyond particular sets of goals, several other factors might influence
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which information gains access to and is maintained in working memory.
For example, the function of the presented information may be important:
If the information is clearly irrclevant when presented, older adults might
find it casier to reject such information, as opposed to situations in which
information is initially thought to be relevant, and only later is identitied
as irrelevant (as is the case in many of the studics discussed here). The
spatial scparation of the relevant and irrelevant information (especially
when that separation may be used as an carly cue to derermine allocation
of attention) also appears to benefit older adults’ sclection of target infor-
mation (c.g., Carlson, Hasher, Connelly, & Zacks, 19955 Madden, 1983;
Plude & Hoyer, 1985) and therefore may also affect patterns of memory
for irrelevant information in older adults. Recent data from our laboratory
have suggested another variable that may moderate the ability to suppress
previously ‘activated information: synchrony between the time of day
when a subject is tested, and the particular subject’s optimal time-of-day
tendency, as. measured by the Morningness-Eveningness Questionnaire
(Horne & Ostberg, 1976). When older adults are tested at their nonopti-
mal time of day (generally the late afternoon), they may have more diffi-
culty suppressing irrclevant information than at their optimal time of day
(generally the morning) (May, Hasher, & Bhatt, 1994). '

Potential Functions of Reduced Inbibition

Although we have generally focused on the difficultics arising from re-
duced inhibitory abilitics (and they seem substantial and pervasive), there
could be benefits as well, which we have only begun to pursuc. Actually, in
several of the tasks described in this chapter, age difterences occur in the
form of benefits (or a lack of decrement) in performance in critical condi-
tions. For example, the basic finding in “negative-priming” tasks used to
tap inhibitory processes is a slowdown in response time when a current

" response has been suppressed on an carlier trial. Older adults show no
such response-speed decrement, presumably because they have not previ-
ously suppressed the current response. Such findings are interpreted as a
decrement in inhibitory processes, and they are used to cxplain many of
the negative cognitive effects of aging, but in these particular instances the
lack of inhibition actually leads to performance advantages.

Although the negative-priming task scems unlike real sicuations, the
results suggest that situations n which “irfelevant” information becomes
relevant are places to look for performance advantages for older adules.
Such situations might include garden-path passages, where keeping active
those interpretations that were previously sclected against would be an
advantage if they were to become relevant again. Decision making might
also offer situations in which performance could be cnhanced if subjects
did not climinate or inhibit alternative choices prematurcly.

The enrichment of the working memorics of clderly adults that results
in interference and memory failure might be another source of benetits for
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older adults. Discourse (including, potentially, lectures) may be more in-
teresting if personalistic anccdotes and other “extrancous” information arc
routincly included. In fact, evidence shows that older adults are judged to
tell storics of higher quality than younger adults (sce Kemper, Rash,
Kynette, & Norman, 1990; Mergler, Faust, & Goldstein, 1985; Pratt &
Robins, 1991). Older adults might also be more likely to take multiple
perspectives or to see multiple interpretations of a problem or a social
situation once they are activated, which can often be an advantage, and
this may be related to what we commonly refer to as “wisdom” (Baltes &
Staudinger, 1993). The routine maintenance of all sorts of enriched infor-
mation from various sources may, under certain circumstances, lead to the
increasced integration of ideas. Indeed, evidence shows that older adults arc
more integrative in their interpretations of metaphors than are young
adults (Boswell, 1979). ’

The idea that processing benefits may be accounted for by the same
cognitive mechanisms that produce processing deficits is an appealing one.
Inhibitory efficicncy may be uscful in exploring all types of performance
differences, whether those related to aging or other group or individual
diffcrences. In fact, theorics involving inhibitory mechanisms have been
proposcd to cxplain various aspects of the performance of young adults
(Gernsbacher, Varner, & Faust, 1990; and sce Chapter 4 in this volume by
Randall Engle), schizophrenics (Beech, Powell, McWilliams, & Claridge,
1989; Cohen & Scrvan-Schreiber, 1992), patients with frontal-lobe dam-
age (Dempster, 1992), and both normal and abnormal children (Bjorklund
& Harnishfeger, 1990; Pennington, Groisser, & Welsh, 1993). Indeed,
though the inhibition theory that we have described here was developed in
the context of explaining age differences, it can be scen (and indeed was
always intended) as a:more general cognitive framework for understand-
ing the role of working memory in determining performance across a
broad range of cognitive tasks and subject populations.
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Note

1. We are focusing here on identity suppression tasks: That is, on tasks in
which subjects must respond to the identity of a target (¢.g., by naming it). Tasks
that require subjects to respond to the location of a target show a different pattern.
It has been suggested that this reflects the existence of separate visual processing
systems concerned with object location and object identity, and that these systems
show a differential decline with age (see Connelly & Hasher, 1993). There are;
however, some circumstances under which older adults show significant negative
prlmmg of identity (May, Kane, & Hasher, 1995; Sullivan & Faust, 1993). These
circumstances appear to involve situations in which basic inhibitory processes are
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supplemented By other processes (such as backward retrieval) occurring during a
multiply determined rask (see May et al., 1995).
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