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Inhibitory control over no-longer-relevant
information: Adult age differences
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Hartman and Hasher (1991) used a garden-path task in which younger and older adults generated
the final word for each of a series of high-cloze sentences. Under instructions to remember the final
word, the experiment included critical sentences for which the generated word was replaced by a
new, to-be-remembered target. Using an implicit priming task, the first experiment replicated a basic
finding: Younger adults showed priming only for the target words, whereas older adults showed prim-
ing for both the generated and target words. Two experiments explored boundary conditions. One
showed that an additional sentence that interpreted the new target word enabled older adults to nar-
row access to only the target word. The provision of additional time following the introduction of the
new target word did not. Specific information, not more time, is required for inefficient inhibitory

mechanisms to clear the recent past from memory.

One model of cognition proposes that, together with
goals, inhibitory attentional mechanisms control at least
three aspects of the contents of consciousness and of ac-
tion: (1) they determine which activated representations
gain entrance into working memory, (2) they suppress
those representations in working memory that are no lon-
ger relevant, and (3) they help to prevent prepotent or re-
cently rejected candidates for response from gaining con-
trol over thought and action before weaker alternative
candidates can be considered (Hasher, 1994; Hasher &

Zacks, 1988; see also Stoltzfus, Hasher, & Zacks, 1996;

Zacks, 1995; Zacks & Hasher, 1994). Applied to lan-
guage comprehension, attentional inhibition thus func-
tions to keep processing efficient by maintaining activa-
tion centered along the intended meaning of a message
(see Stoltzfus, Hasher, Zacks, Ulivi, & Goldstein, 1993,
see also Gernsbacher, 1990; Kintsch, 1993).

When inhibitory mechanisms are inefficient, a broader
range of information will enter working memory, informa-
tion that is no longer relevant will continue to remain ac-
_tive, and the frequency of inappropriate overt responses
and of momentary, irrelevant or marginally relevant
thoughts will increase. Under what conditions and for
whom is inhibition likely to be inefficient? Recent work
strongly suggests that inhibition is less efficient at non-
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optimal times of the day than at optimal times of day
(May, 1995; May & Hasher, in press). Inhibition may also
be less efficient for depressed and stressed young adults
relative to age-mate controls (Linville, 1996}, as it may
be for younger children relative to older children (e.g.,
Dempster, 1992; Harnishfeger & Bjorkiund, 1993; Pen-
nington, 1994), for people with schizophrenia (e.g., Beech
& Claridge, 1987 Frith, 1979), with frontal lobe damage
(Shimamura, 1995), with attention-deficit disorder (Pen-
nington, Groisser, & Welsh, 1993), and with obsessive~
compulsive disorder (Ferraro, Johnson, & Wonderlich,
1995).

_Inhibition is also considerably less efficient for older
adults than for younger adults (e.g., Dempster, 1992;
McDowd, Oseas-Kreger, & Filion, 1995; Stoltzfus et al.,
1996; Zacks & Hasher, 1994). For example, older adults

have a broader range of information active in working

memory than do younger adults (Hamm & Hasher, 1992;
Stoltzfus, 1992; see also Laver, 1992, 1994). In reading,
older adults are likely to form multiple inferences in situ-
ations in which younger aduits do not. For example, older
adults infer that multiple instruments (e.g., both a cam-
era and a gun) are consistent with a scenario that includes
a person on a photographic safari who is about to take a
“shot” (Hamm & Hasher, 1992). By contrast, younger
adults, exposed to the same information, infer a single in-
strument (for this example, a camera). Similarly, older
adults have speeded access both to a normatively pre-
dicted word as the ending of a high-cloze sentence (e.g.,
tenants, for the sentence “The landlord was afraid of a
strike by his __")and to a normatively unlikely end-
ing of that same sentence (e.g., residents; Stoltzfus,
1992). By contrast, younger adults have speeded access
only to the normatively predicted ending (¢enants). Thus,
diminished inhibition appears to result in a broader range
of information entering working memory for older adults,
enriching its contents relative to that of younger adults.
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The working memories of older adults are additionally
enriched because, relative to younger adults, they are less
able to abandon no-longer-relevant thoughts and action
plans from working memory (Zacks & Hasher, 1994).
The need to clear no-longer-relevant information from
working memory is critical across domains of behavior.
In comprehension, for example, topics, settings, and focal
characters all change with regularity in both spoken and
written discourse. The failure to efficiently abandon no-
longer-relevant topics, for example, can easily result in
disruptions to understanding. Similarly, the need to clear
working memory also occurs when an initial interpreta-
tion is incorrect, as occurs when there has been a misun-
derstanding. Such misunderstandings are often simu-
lated in the laboratory by using “garden-path” sentences
and passages. These are materials in which an initial in-
terpretation proves to be incorrect, requiring a new inter-
pretation for a final, accurate understanding of the mes-
sage. Younger adults have relatively little difficulty with
garden-path materials. When reading, they respond im-
mediately to the critical information that disconfirms their
original understanding, and they quickly generate a new,
more appropriate understanding (Zacks & Hasher, 1988).
Having done this, younger adults abandon their first, no-
longer-correct interpretation (Hamm & Hasher, 1992).
Although older adults also both respond immediately to
disconfirming information and generate an appropriate
new understanding (Stine, Ruh, & Hindman, 1994), they
do not abandon their initial interpretation (Hamm &
Hasher, 1992).

A garden-path sentence-processing task introduced by
Hartman and Hasher (1991) also assesses the impact of
inhibition on deleting no-longer-relevant ideas from work-
ing memory. In this task, participants read and then gen-
erate a final word for each of a series of high-cloze sen-
tence frames (e.g., stamp for “He mailed the letter
without a ™). For critical sentences, the generated
word is replaced by a new word (e.g., check). For non-
critical sentences, the generated word is not replaced.
For all sentences in the series, participants are instructed
to remember the final word. An indirect test of the acces-
sibility of the two alternative endings to critical sentences,
the self-generated but disconfirmed one (stzamp) and the
to-be-remembered target (check), is given subsequently
in the guise of collecting norms for medium-cloze sen-
tence frames, each of which is missing its final word. So,
for the two endings of the example critical sentence above,
there are two medium-cloze sentences that are given to
participants on the subsequent indirect test: “For his col-
lection he found a particularly rare ” (for stamp),
and “She paid all her bills by ” (for check). The
measure of sustained access to either or both of the end-

.ings for each critical high-cloze sentence is defined as
priming above-baseline completion rates (approximately
50% for naive participants) for each medium-cloze sen-
tence. Consistent with the Hamm and Hasher (1992) work
suggesting that younger adults are efficient at clearing
no-longer-relevant information from working memory but

that older adults are not, younger adults showed no prim-
ing for the self-generated but disconfirmed words (stamp)
coupled with above-baseline priming only for the to-be-
remembered target words (check); older aduits showed
priming for both the self-generated, disconfirmed words
and the experimenter-provided, target words (Hartman
& Hasher, 1991). Thus, diminished inhibition appears to
result in sustained activation of words (see also Zacks &
-Hasher, 1994). . : o

The central goal of the present work was to begin the
process of determining circumstances that enable older
adults (and by extension others having inefficient inhibi-
tion) to successfully abandon those ideas that are no lon--
ger relevant for a task. Using the Hartman and Hasher
(1991) task, we explored two such circumstances: the
provision (1) of elaborative semnantic context and (2) of ad-
ditional processing time. There is a rich literature in cog-
nitive gerontology pointing to the beneficial role that ad-
ditional context can play (in at least some circumstances)
in supporting the performance of older adults across a
range of tasks (see. e.g., Craik & Jennings, 1992). Consis-
tent with such findings is the recent report that additional,
elaborative meaningful context enables older adults to
reduce the range of ideas (sentence-ending words) that
initially enter working memory (Stoltzfus, 1992). There
is also, of course, a literature suggesting that slowing asso-
ciated with aging may contribute to disruptions in pro-
cessing (e.g., Cerella, 1985; Myerson, Hale, Wagstaff,
Poon, & Smith, 1990; Salthouse, 1988). To anticipate, we
found that semantic context that explicates a change in
meaning is effective in helping older adults to successfully
delete no-longer-relevant thoughts from working mem-
ory. We also found that the simple provision of additional
processing time following a change in meaning—with-
out additional, elaborating semantic context—is not ef-
fective. The suggestion is that more information, not more
time, is required for inefficient inhibitory mechanisms
to clear the recent past from working memory.

. EXPERIMENT 1

The Hartman and Hasher (1991) procedure demon-
strates clearly the increased access that older aduits have
to no-longer-relevant words that were generated as end-
ings to high-cloze sentences. Because of the task’s im-
portance as a measure of continued access to disconfirmed
information, a straightforward replication of the original
study was undertaken (see also Hartman & Dusek, 1994,
Experiment 1).

Method

Participants. Twenty-four younger adults (M = 18.3 years.
range = 18-21 years; 10 women and 14 men) and 24 older adults
(M = 69.1 years. range = 60~74 years; 8 women and 16 men)
participated. The participants were native English speakers. All
had normal or corrected-to-normal vision. The younger adults in
Experiment [ (and in Experiment 2) were university undergradu-
ates who participated in experiments as one option for satisfying
“a course requirement. The older adults in Experiment | (and in
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Experiments 2 and 3) were volunteers from a registry maintained
by the Duke University Center for the Study of Aging and Human
Development. The older adults had completed more years of ed-
ucation (M = 16.3 years) than had the younger adults (M = 12.4
years) [F(1,46) = 52.54, MS, = 3.5]. The older adults also had a
higher vocabulary score (M = 26.8, SD = 6.3) than did the younger
adults (M = 17.6, SD = 6.3) [F(1,46) = 25.17, MS, = 39.57]}, as
assessed by the Extended Range Vocabulary Test, Form 4 (ERVT;
Educational Testing Service, 1976), a very difficult multiple-
choice test. ‘

Materials and Procedure. In the first phase of the study, the

participants read a series of 28 high-cloze sentences, each of which

was missing its final word. The task for the participant was to pro-
duce, aloud, a likely ending for each sentence. For critical sen-
tences, the ending provided by the participant (and the one we
anticipated) was replaced by a low-probable, but plausible, alter-
native as the targeted, to-be-remembered item. There were two
sets of the 14 critical, high-cloze sentences and one set of 14 high-

cloze sentences that served as filler items. Each filler had its |

participant-generated ending confirmed. The filler sentences
were given to all participants, with each of the two sets of critical
sentences given to half of the participants in each age group. Dur-
ing the presentation phase, filler sentences were intermixed with
experimental sentences, with the constraints that two fillers ap-
peared at the beginning of the series and two appeared at the end
and that no more than three experimental sentences (ones that had
their participant-generated endings disconfirmed) appeared consec-
utively. In addition, two orders of presentation were constructed,
and each order and sentence set combination was used equally
often within each age group.

" Sentence frames were presented one at a time on a computer
screen, each following a warning signal (a plus sign) that appeared
centered on the screen for 750 msec. Each sentence frame was ex-
posed until the participant generated a completion aloud. This
response-initiated voice key generated a pause of 400 msec, after
which the experimenter-provided final word appeared on the screen
for 2,500 msec. For the 14 filler sentences, the experimenter-
provided word was intended to match the participant-generated
word, and it most often did so given the very high cloze value of
those sentences. For critical sentences, the experimenter-provided
word was the unexpected ending word. The participants’ task was
to remember the final word that appeared on the screen for a later.
unspecified memory test. The materials were structured so that, for
approximately half of the time, the word that appeared on the screen
was the one the participant generated (filler sentences), and, for
half of the time, it was a new word (critical sentences).

After finishing the sentence completion task, the participants
performed an unrelated task for 5 min and then were asked to help
norm materials for a new, unrelated experiment. Their task (an in-
direct memory test) was to read each of a series of 56 new sen-
tence frames aloud. The participants were instructed to generate
the first word that came to mind as a completion for the missing
final word of each sentence. These were medium-cloze sentences,
28 of which were written (and normed) to converge about 50% of
the time on an experimenter-provided target ending of a critical
initial sentence and 28 of which were written (and normed) to
converge on a self-generated but disconfirmed ending of a criti-
cal initial sentence.! As a result, each of the 28 critical high-cloze
sentences available for use in the first phase (14 of which were
actually presented to a given participant) was associated with 2
medium-cloze sentences, and all 56 medium-cloze sentences were
given to each participant under a self-paced procedure.

The critical question on the indirect test was the rate with which
the participants completed moderate-cloze sentences with the tar-
get and disconfirmed words from the first part of the experiment.
relative to the baseline rate of completion by controls who never
saw the critical. first-phase sentences that suggested those words.

Thus, priming of self-generated, disconfirmed endings and of
experimenter-provided target endings were the central effects of
interest. : .

Because each participant saw only half of the critical high-cloze
materials during Phase 1 and because all medium-cloze test phase
sentences were presented to all participants in Phase 2, 28 of the
medium-cloze sentences matched the two endings of the 14 criti-
cal sentences that half the participants had seen, whereas 28 matched
the two endings of 14 critical sentences that the other participants
had seen. This enabled us to counterbalance 28 high-cloze sen-
tences across the experiment in such a way that, within each age
group, the high-cloze sentences that served as the critical items
{whose initial endings were rejected and replaced by to-be-
remembered targets) for half of the participants served as never-
seen controls for the remaining participants.

The experiment proper began with two practice sentences. An
informal quiz was used to ensure that each participant understood
exactly what word was critical for the ensuing memory test (it was
always the final word, and it was always presented on the screen).
Following completion of the self-paced indirect memory test, the
participants were questioned about their awareness of the rela-
tionship between the two main phases of the experiment. Two gen-
eral questions were asked of all subjects: “What is your under-
standing of the purpose of'this study so far?” and “When you were
doing the sentence completions, did you think there was anything
unusual about the sentences?” Further questions were more lead-
ing and were pursued only if a participant reported any awareness
of the connection between the two tasks. After this interview, the
participants were debriefed and were asked to complete the ERVT
and a detailed health questionnaire. Four participants, 3 young
adults and | older adult; were aware and were replaced by new

_participants from the same sources. This replacement procedure

was also used in Experiments 2 and 3, with no more participants
in those experiments reporting awareness than in Experiment 1.2

Results and Discussion .

Study-trial sentence completions were examined to
ensure that, for the critical experimental sentences, the sub-
jects actually generated the expected, normatively highly
probable endings. For younger adults, the mean propor-
tion completed in this way was 96%; for older adults, the
mean was 95%. These did not differ (F < 1). These com-
pletion rates were virtually identical for the two follow-
ing experiments (range = 94%-97%, again with no age
differences). For all three experiments reported here,
when the participants failed to produce the expected end-
ing for a sentence during the first phase, performance on
the two critical medium-cloze test-phase sentences was
not scored. :

There were three types of sentence frames present on
the indirect memory test: (1) target word frames, which
assessed the accessibility of the to-be-remembered words
(e.g.. check) that were provided by the experimenter,
(2) disconfirmed word frames, which assessed the acces-
sibility of expected words (e.g., stamp) initially generated
by the participants, and (3) control word frames, which
assessed the accessibility of the endings of critical sen-
tences not actually presented to that participant (but pre-
sented to other participants). Completion rates for the
three frame types, and priming scores measured as the
difference in completion rates between each experimen-
tal condition and the control, are shown for each age group
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Table 1
Mean Proportions (and Standard Deviations) of Critical Endings Produced by Younger and
Older Aduits for Each of Three Types of Sentence Frames (Target, Disconfirmed, and
Control) and for Target and Disconfirmed Effects in Experiments 1-3

Effect

Sentence Frame Type

Adult Target* Disconfirmed? Control Target Disconfirmed
Participants M SD M SD M SD M SD M SD
Experiment | :
Younger 622 136 52.2 12.1  "50.6 12.0 11.6 13.8 -~ 1.6 14.4
Older 58.3 10.7 60.6 11.4 46.7 9.5 11.6 12.4 13.9 - 111
Experiment 2
Younger 62.9 14.6 49.6 15.6  48.1 10.4 14.8 15.7 1.5 14.3
Older . 61.2 = 117 51.5 12.7 49.0 7.8 12.2 1.6 2.5 11.6
Experiment 3 . .
Older 58.7 . 139 59.0 12.3 514 8.1 7.3 15.5 7.6 14.0

*For example, check for “He mailed the letter without a

the letter without a

_in Table 1. An initial analysis was done to determine
whether there were age differences in completion rates
for control sentences. There were not [F(1,46) = 1.52,
MS, = 117.89, p > .22]. Remaining analyses were then
done on priming effect scores (also shown in Table 1).

A 2 (ages) X 2 (sentence endings) mixed analysis of
variance (ANOVA) was conducted on the priming scores.
This confirmed what is apparent in the table: There was
an overall age effect, with older adults showing greater
priming than younger adults [F(1,46) = 4.18, MS, =
205.11]. The overall difference between target and discon-
firmed effects was not reliable [F(1,46) = 2.47,p =
.12]: however, the interaction between age and priming
condition was significant [F(1,46) = 6.46, MS, = 132.6].
Since older adults showed approximately equivalent prim-
ing for the two item types (F < 1), the interaction was
clearly the result of younger adults’ showing more prim-
ing for the target items than for the disconfirmed items
[F(1,23) = 10.02, MS, = 224.2]. In fact, for young adults,
the priming effect was reliably above the control baseline
only for target items [F(1,23) = 16.93, MS, = 103.7]; the
disconfirmed effect was not reliable (F < 1). For older
adults, both target and disconfirmed endings were reli-
ably different from controls [Fs(1,23) = 20.94 and
37.51, MS,s = 77.21 and 61.7, respectively].

These data are generally consistent with those origi-
nally reported by Hartman and Hasher (1991): Young
adults have sustained access only to the experimenter-
provided target ending of the initial high-cloze sentence.
Older adults, by contrast, have access to both the target,
or experimenter-provided final word, and their self-
generated but disconfirmed ending word. The heightened
access that older adults show to no-longer-relevant infor-
mation is, we believe, the outcome of inefficient inhibi-
tory mechanisms that fail to quickly suppress the activa-
tion of no-longer-relevant information, such as words and
their meanings (see also Gernsbacher, 1990; Kintsch,
1993).

+For example,.stamp for “He mailed

There is one difference between the present data and
those reported by Hartman and Hasher (1991; see also
Hartman & Dusek, 1994): Here, the overall priming shown
by older adults was actually higher than that shown by -
younger adults. This was the result of priming seen for
disconfirmed words. These indirect memory findings, it
should be noted, stind in sharp contrast to direct mem-
ory test findings reported by Hartman and Dusek (1994),
who also used the Phase 1 disconfirmation procedure
used here. They found better recall and recognition of tar-
get than of disconfirmed items, by both older and younger
adults, and they also reported the overall age advantage
that younger adults often have in laboratory memory
tasks.

EXPERIMENT 2

Although the idea of inhibitory inefficiency has ap-
peal at a theoretical level and, in fact, explains a range of
findings in cognitive gerontology (see, e.g., Hasher &
Zacks, 1988; Stoltzfus et al., 1996; Zacks & Hasher,
1994), it has problems at a pragmatic level in dealing with
everyday behavior. This is because if inefficient inhibition
continuously exposes working memory to overloading—
particularly, by nonrelevant information—the expected
outcome would be disorganized behavior. That is, people
with inefficient inhibitory mechanisms should have a
great deal of difficulty in developing coherent streams
of thought and action. Obviously, chaotic behavior does
occur in older adults (as it does in adolescents and young -
adults), but it is clearly not common—particularly, for
those community-dwelling adults who volunteer to par-
ticipate in studies such as the present one.

What then spares older adults from the chaos that
might be predicted on the basis of inefficient inhibition?
Several factors have been suggested, including the fact
that inhibitory mechanisms that serve spatial location in-
formation do not appear to be damaged with age (Carlson,
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Hasher, Connelly, & Zacks, 1995; Connelly & Hasher,
1993; see also Hasher & Zacks, 1988). This enables in-
formation that occurs in predicted physical and imagined
locations (see Radvansky, Zacks, & Hasher, 1996) to be
successfully ignored, thus reducing sources of distraction
(see also Murphy & McDowd, 1994). Another sparing
factor has been reported in the emerging literature on
chronocognition: Older adults have their optimal time of
day in the morning, and performance (including inhibi-

tory control) is often better, if not quite up to the level of

younger adults, when older adults are tested at their opti-
mal times (May & Hasher, in press; May, Hasher, &
Stoltzfus,1993). An additional sparing factor, and the
one explored here, might well be tied to the fact that in-
formation is often embedded in a rich and meaningfully
appropriate elaborative semantic context.

For example, there is evidence that the size of the
memory deficits shown by older adults across most ex-
plicit memory tasks can sometimes be reduced when
precise, relative to imprecise, elaborators are available
(e.g., Hashtroudi, Parker, Luis, & Reisen, 1989; Rankin &
Collins, 1986; see also Craik & Jennings, 1992). There
is also evidence that context aids perceptual recognition
of both visually and auditorially presented words (Cohen
& Faulkner, 1983). Stoitzfus (1992) has recently shown
that the provision of a meaningfully appropriate, enriched

semantic context enables older adults to narrow the-

range of ideas that initially enter working memory. In
one study, she found that for a high-cloze sentence, such
as “The landlord was afraid of a strike by the ”
older adults had speeded access to at least two d)fferent
endings (tenants and residents) when only one (tenants)
was normatively highly predicted. Under these same cir-
cumstances, younger adults had access only to the highly
expected ending (tenants). In an additional experiment,
participants read each of the critical, high-cloze sentences
but only after they read a context-setting sentence (e.g.,
“The living conditions in the apartment building had de-
teriorated seriously. The landlord was afraid of a strike by
the ). In this instance, both older and younger
adults showed speeded access only to highly predicted
endings, suggesting that relevant semantic context may
offer the kind of contextual support that Craik (1986) has
argued particularly boosts the cognitive efficiency of
older adults. In any event, the Stoltzfus data suggest that
relevant semantic context can aid impaired inhibitory
mechanisms that control access to working memory.
Here, we considered the possibility that the active in-
hibitory process of abandoning no-longer-relevant in-
formation from working memory can also be aided by
relevant semantic context. We used the garden-path dis-
confirmation procedure and materials of Experiment I,
but, in Experiment 2, each sentence was followed by an
additional, elaborating sentence. For example, the critical
sentence, “He mailed the letter without a " (to which
most participants generated siamp and for which the
experimenter-provided target word was check), was fol-
lowed by an elaborating sentence, “He was expecting the

money.” The elaborating sentences were designed to ex-
plain‘the unexpected ending of the preceding sentence.

The question in Experiment 2 was whether or not the pro-
vision of an elaborating sentence would result in older
adults’ successful elimination of no-longer-relevant words
(the self-generated endings to high-cloze sentence frames).

Method

Participants. The participants were sampled from the same
groups as in Experiment | and now included 24 younger adults (15
women and ¢ men) and 24 older adults (13 women and 1] men),
none of whom had served in Experiment 1. The mean age of the
younger adults was 18.8 years (range = 17-22 years). They had
completed a mean of 12.5 years (SD = 0.88) of education. The
mean age of the older adult participants was 69.6 years (range =
63-79 years). They had completed a mean of 15.4 years (SD = 2.75)
of education, which was reliably more than that for the younger
adults {F(1,46) = 23.13, MS, = 4.17). The older adults had higher
vocabulary scores (M = 34.5, 5D = 8.0) than did the younger
adults (M = 29.0, 5D = 7.4) [F(1,46) = 6.12, MS, = 59.32].

Materials and Procedure. Twenty-eight sentence pairs served
as critical experimental materials. Each set consisted of 2 sen-
tences, with the first one missing a final word and the second one
elaborating on the meaning of an unexpécted ending that was pro-

"vided for the first one. The first sentence in each set was the same
-as the critical sentences from Experiment 1. As before, the initial

set of 28 pairs of sentences was divided into two subsets of 14 sen-
tence pairs, with each set used for half of the subjects in each age
group. The participants received the identical set of 14 filler sen-
tences from Experiment 1, together with a second sentence that
elaborated upon the expected ending word. No other aspects of
the materials were changed from Experiment 1.

The procedures were identical to those of Experiment | except
that, following the exposure (for 2,500 msec) of the target ending,
the elaborating sentence appeared on the screen along with the first
sentence for an additional 3,000 msec, after which the sequence
began again until the last of the 28 pairs {14 critical, 14 fillers)
was presented. As before, the experiment began with two practice
sentence sets, both with unexpected endings. and an informal quiz
to ensure that each participant understood exactly which word was
critical for the ensuing memory test.

Results and Discussion

The completion rates for target, disconfirmed, and
control items are shown in Table 1. As before, and again
consistent with norms, the expected completion rate of
words for sentences that had never been seen in the con-
text of the study hovered at around 50%. Because there
were again no age differences in completion rates in the
control condition (p > .10), further analyses were con-
ducted using the repetition priming scores for the target
and disconfirmed conditions.

A two-way ANOVA was conducted with age (young vs.
old) as a between-subjects variable and condition (target
vs. disconfirmed) as a within-subjects variable. The total
amount of repetition priming did not differ between
younger and older adults (F < ); in contrast to the results
of Experiment 1 and to earlier findings, there was no in-
teraction between age and priming condition (F < 1). In
Experiment 2, the older adults showed the same patterns
of repetition priming as did the younger adults. As can
clearly be seen, there was greater repetition priming for
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target words than for disconfirmed words (overall, 13.5%
vs. 2.0%) [F(1,46) = 19.2, MS, = 166.3]. Priming for
the targets, but not the disconfirmed items, was reliably
greater than zero [F(1,46) = 46.6, MS, = 94.5, and
F(1,46) = 1.2, MS, = 83.2, respectively, p > .25]. Thus,
both younger and older adults showed repetition prim-
ing for the target words but not for the disconfirmed
words. The provision of elaborating, explanatory context
apparently does enable older adults to narrow processing
to an experimenter-provided, unexpected word, even in the
face of having available a more plausible, self-generated
word. The results of Experiment 2 are consistent with the
findings of Stoltzfus (1992) in showing that, under some
circumstances, older adults can narrow the maintenance
of interpretations to the one that is consistent with the
final interpretation of a message.

The garden-path nature of the sentences (in which a
highly probable, participant-generated word is replaced
by a less probable, experimenter-provided one) requires
the use of materials that are not counterbalanced (i.e., the
words that serve in the disconfirmed condition are differ-
ent from those in the target condition). Therefore, the find-
ings from Experiments 1 and 2, taken together, discon-
firmed one interpretation (see Hartman, 1995) of the
findings of Experiment 1—that is, that there is a materi-
als X age interaction such that for young adults those
items that served as targets are more memorable than
those that served as the disconfirmed items, while for
older adults (with their greater word knowledge); the two
sets of items were equally memorable. Since the provision
of an elaborating context for the new target word makes
that item equally memorable for older adults (and the dis-
confirmed word equally unmemorable), such an inter-
pretation of Experiment 1’s findings is untenable.

In Experiment 2, two factors might have contributed to
the effective narrowing of activation of meaning shown
here by older adults: (1) the additional sentence, which
provided an integrating explanation for the unexpected
ending of the critical first sentence, or (2) the additional
3,000 msec of processing time available to the partici-
pants following the provision of the unexpected, to-be-
remembered ending. This was the time provided for the
participants to read the elaborating, second sentence and
to consider the two sentences together. Thus, the presence
of the second sentence in Experiment 2 created an inter-

sentence interval that did not exist in Experiment 1. Since
many behaviors are slowed with age (e.g., Salthouse, .

1988), it is conceivable that the additional time alone—
not the meaningful context—was responsible for the re-
duced activation that the 6ider adults showed for the ini-
tially self-generated ending. This issue was addressed in
. Experiment 3.

EXPERIMENT 3

The central question here was whether the priming ef-
fects seen for the older adults in Experiment 2 were the
result of the additional interpretive context provided by

the elaborating sentence that followed the critical, initial
sentence, or whether the narrowed meaning access was
the result of the additional time that was available to in-
terpret the initial sentence, time-provided during the read-
ing of the second, elaborating sentence. To determine
whether time alone allows older adults to successfully
abandon a disconfirmed interpretation, a replication of
Experiment 2 was conducted, with two changes. First,

‘the elaborating sentence used in Experiment 2 was elimi-

nated, leaving only an unfilled interval of 3,000 msec be-
tween the end of one sentence and the onset of the warn-
ing signal for the next sentence. Second, only older adults:
were tested. [f time alone is sufficient to eliminate activa-
tion to no-longer-relevant interpretations, the meaning ac-
cess pattern of older adults in this experiment should
replicate that seen in Experiment 2 for both older and
younger adults; only the experimenter-provided target
ending should be accessible. If, however, elaborative in- ‘
formation is required for suppression of no-longer-
relevant interpretations to occur, the priming pattern pro-
duced by older adults who are given more time should
look like those reported in Experiment 1, in which older’
adults showed sustained activation for their self-generated,
expected endings and for the experimenter-provided, un-
expected endings. On the basis of findings reported by’

Stoltzfus (1992), our expectation was that the latter find-

ing would obtain.

Method .
Participants. The participants were 24 healthy older adults (16
women and 8 men) who had not participated in Experiments 1 and
2. The mean age of these participants was 69.3 years (range =
62-77 years, SD = 3.9). They had completed an average of 16.2
years (SD = 2.9) of education. Neither the ages nor the years of

_education of the older adults in Experiment 3 differed from those

of the older adults in Experiment 2 (F < 1.02). Their mean vo-
cabulary score (ERVT) was 35.5 (8D = 8.7), a score that did not
differ from that obtained by the subjects who participated in
Experiment 2 (F < 1).

Materials and Procedure. The materials and procedures of
Experiment 3 were identical to those of Experiment 2, with the cri-
tical exception of the omission of the elaborating sentence used
during the study phase in the previous experiment. Instead, after
the provision of the experimenter-provided ending, the screen re-
mained blank for an additional 3,000 msec (the same amount of
processing time allowed for reading the second sentence in Ex-
periment 2). The participants were instructed here, as before, that
the task was to remember the last word provided for each sentence.

Results and Discussion _
An inspection of the data (see Table 1) shows a very

different pattern from that seen in Experiment 2: Here,

older adults showed equivalent priming for both target
and disconfirmed endings (7.3% and 7.6%, respectively)
(F < 1). Both the target priming effect [F(1,23)= 5.3,

MS, = 120.75] and the disconfirmed effect [F(1.23) = -

7.1,MS, = 97.85], were significantly different from zero.

To assess the patterns of priming effects that older
adults show when additional context plus processing
time are provided (in Experiment 2) versus when only

_additional time is provided (Experiment 3), a two-way
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mixed ANOVA was conducted for the older adult partici-
pants with study condition (or Experiment 2 vs. Experi-
ment 3) as a between-subjects variable and item type (tar-
get vs. disconfirmed) as a within-subjects variable. The
context condition X item type interaction was at a border-
line value for significance [F(1, 46) = 3.65, p = .06], sug-
gesting different patterns of priming in the two experi-
ments. Equivalent target and disconfirmed effects are
seen when additional time only is provided (Experiment 3).
There is reliable priming only for the target, but not the
disconfirmed item, when additional context is provided
(Experiment 2).

The presence of reliable and equivalent priming for
targets and disconfirmed items seen here is, in pattern,
similar to the data for older adults from Experiment | and
also to those reported initially by Hartman and Hasher
(1991; see also Hartman & Dusek, 1994); When the gar-
den path was reversed, older adults, unlike younger adults,
maintained access to both sentence-ending words (the
self-generated and experimenter-provided ones) of many
sentences. The results of Experiment 3 clearly demonstrate
that additional time after the provision of an unexpected
ending does not alter what words older adults continue to
_ maintain access to across time. This suggests that, for
older adults, reversal of a garden path (or recognizing the
existence of a misunderstanding) does not automatically
elicit a process that eliminates no-longer-relevant or in-
correct information from consideration—a suggestion
consistent with the earlier findings of Hamm and Hasher
(1992), who used both different materials (paragraphs)
and a different testing procedure (speeded decisions) from
those in the present instance. Of particular importance is
the conclusion that slowing is not a viable explanation
of the activation patterns shown by older adults when
they have been led down an interpretive garden path.
Nor, given the high, verbal skills and levels of education
of the present groups of older adults, can one attribute
the pattern of findings of sustained activation seen here
to a misunderstanding or to a lack of relevant interpretive
knowledge.

The present data suggest that, although older adults can
acquire a new interpretation for the ending of a sentence,
they neither (1) suppress a no-longer-relevant ending nor
(2) spontaneously generate elaborative interpretations
that would, if otherwise provided, enable them to abandon
a no-longer-correctinterpretation (see Craik & Jennings,
1992). For clder adults (and possibly for others with in-
efficient inhibitory systems), the successful elimination
of no-longer-relevant words or interpretations requires

additional information that elaborates and specifies the |

meaning of the new interpretation. Elsewhere, it-has been
argued that the establishment of meaning from discourse
requires elaboration and suppression processes (see, e.g.,
Kintsch, 1993) that are believed to be well developed in
skilled readers (Gernsbacher, 1990). Since the older adults
in the present experiments surely have high levels of ver-
bal ability, the extension of such models to aging requires
careful consideration of possible age differences in such
processes. At a pragmatic level, the present data suggest

that discourse targeted to even highly verbal older adults

-needs to take into account differences in spontaneous ¢lab-

oration and suppression processes.
GENERAL DISCUSSION

_ Three experiments used a garden-path methodology
in which an initial, high-probable ending of critical sen-
tences was replaced by a low-probable, but plausible, to-
be-remembered word. The empirical question was whether
older adults can abandon their initially generated, but no-
longer-relevant word, ta focus on a new, relevant one. This
question is an important one in ordinary language pro-
cessing because the present garden-path situation mod-
els many everyday occurrences in which a once-relevant
idea (or topic, character, or setting) is replaced by a new
one. We (Hasher & Zacks, 1988) and others (e.g., Gerns-
bacher, 1990; Kintsch, 1993) have assumed that the dele-
tion of a once-relevant interpretation from working mem-
ory requires the operation of active inhibitory processes.
Since an increasingly extensive line of work suggests that
older adults have deficient inhibitory attentional mech-
anisms (e.g., Arbuckle & Gold, 1993; Hasher, 1994;
Lindfield, Wingfield; & Bowles, 1994; McDowd et al.,

~1995; Stoltzfus et al., 1996; Zacks, 1995; Zacks & Hasher,

1994; but see, e.g., Stoltzfus et al., 1996, for criticisms and
limitations of aging claims), it is reasonable to anticipate
that situations in which there is a change in focus—or in
which errors of interpretation need to be deleted—will
present particular problems for older adults.

Using a sentence-completion task as an implicit test,
the present experiments assessed the degree to which the
relevant, to-be-remembered target items and the no-longer-
relevant, self-generated items were accessible sometime
after a switch of interpretation occurred. The results of
Experiment 1 replicated findings initially reported by
Hartman and Hasher (1991): Under these testing circum-
stances, younger adults showed access only to the target
words; the no-longer-relevant words returned to their
baseline of accessibility. By contrast, older adults showed
access to two ending words, both the previously correct
one and the currently held one. Experiment 2 demon-
strated one critical circumstance under which older adults
can succeed in eliminating no-longer-relevant informa-
tion from working memory: when an elaborating inter-
pretation is provided for an unexpected or unlikely end-
ing of a sentence. In this case, older adults look like
younger adults; their originally generated sentence-ending
words returned to baseline accessibility levels and only
the final, experimenter-provided ending was still acces-
sible. Experiment 3 demonstrated that the narrowing of
activation that additional elaborating context enabled for
older adults in Experiment 2 cannot be explained by the
additional time that was needed to read that elaborating
sentence: An equivalent unfilled interval did not permit
narrowing of activation to a single target interpretation.

~ Other evidence suggests that additional information
alone, just like additional time alone, does not enable older
adults to narrow their interpretation to a final, correct
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one. This evidence comes from a study that used garden-
path paragraphs to mislead older and younger readers to

an initial inference that subsequently turned out to be in--

correct (Hamm & Hasher, 1992). In those materials, two
or three sentences followed the point in the passage at
which the garden path was reversed. However, those ad-
ditional sentences did not elaborate on the new inference;
instead, they generally continued the story, without spe-
cific reference to the new interpretation. There, older
adults maintained two inferences: the original, misguided,
but highly probable one, and the final correct, but less
- likely one. Thus, together, these two sets of studies sug-
gest that neither filled nor unfilled intervals allow older
adults to narrow activation to a single interpretation. In-
stead, on the basis of the results of Experiment 2, it ap-
pears that specifically relevant, elaborative context is re-
quired to abandon an activated interpretation.

It is possible that the interpretive behavior of older
adults in these garden-path studies represents a style that
attempts an inclusive interpretation. That is, when a gar-
den path is traversed, young adults’ goal is to have a sin-
gle, exclusive interpretation available, whereas older
adults’ goal is to have an integrative one that encom-
passes multiple possible interpretations (see Boswell,
1979).3 If so, perhaps the inclusive interpretational at-
tempts are abandoned only when additional information
clearly dictates an exclusive interpretation. Such an ar-
gument is similar to the suggestion that older adults have
difficulty selecting an interpretation in the face of a po-
tential competitor, as is the case for garden-path materi-
als (e.g., Hartman, 1995). Alternatively, it is possible
that, like younger less-skilled readers, older skilled read-
ers fail to spontaneously generate “topic-level” inferences
or situation models that explain and link more local infer-
ences and propositions that are themse}ves largely text-
driven (see, e.g., Kintsch, 1993; Long, Oppy, & Seely,
1994). It is conceivable that these high-level interpreta-
tions trigger the inhibition of any lower level interpreta-
tions that are inconsistent. Furthermore, it is possible that
the generation of a larger number of lower level interpre-
tations slows or even makes difficult the generation of
higher level, integrative interpretations. These specula-
tions, in turn, suggest that there may be circumstances in
which explicit text-level linkages must be provided for

“older adults. _
What general cognitive mechanisms might account
for the present'data? Capacity-type arguments (see, .8.,
Hasher & Zacks, 1979; Just & Carpenter, 1992; Light,
~1991), which assume that older adults have less capacity

‘than do younger adults, would suggest that narrowing of
meaning is a more demanding process than is establish-
ing a broad interpretation. Such an explanation of the
present data seems unsuitable, however. Consider that suc-
cessful narrowing of activated meanings (which, on such
an account, requires capacity) occurs under the load con-
ditions of Experiment 2 (the processing of an extra sen-
tence), but not under the no-load conditions of Experi-

ment 3 (unfilled time). This is the reverse of findings -

expected from a capacity perspective. Of course, one
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would also predict that limited capacity would lead to
fewer, not more, interpretations being available to com-
prehenders in the first instance. QOlder adults do have more
interpretations per sentence available than younger adults
do. Slowing, too, seems an inadequate interpretation: More
time (without explicit elaboration) clearly does not allow
for older adults to narrow activation to a single meaning.

One alternative interpretation is tied to deficient inhi-
bitory mechanisms, which, in turn, permit sustained ac-
tivation of the most recent information, even when that
information is no longer correct. Sustained activation, in
turn, may limit or preclude the self-initiated activities
that effective text-level interpretations and remembering
(e.g., Kintsch, 1993) both require. Evidence consistent
with the inhibitory view comes from recent work with
young adults who were tested in the task used in Exper-
iment 1 at their optimal versus their nonoptimal time of
day (May & Hasher, in press). At their nonoptimal time,
young adults showed priming to both disconf irmed and
target endings. (This is, of course, the pattern shown by
older adults in Experiments 1 and 3 and, as we now know,
the pattern seen even when older adults are tested only at
their optimal times.*) However, at their optimal time,
young aduits showed access only to the target ending; ac- .
cess to the disconfirmed ending was actually below .
baseline—that is, the disconfirmed words were actually
less accessible than were never-presented control words.
It is difficult to account for such suppression-type effects
without relying on an inhibitory attentional mechanism
that functions to clear working memory so as to orient
the comprehender away from no-longer-relevant topics.
Note that, in May and Hasher’s (in press) study, older
adults who were tested at their nonoptimal time showed
memory only for the disconfirmed item; they were to- '
tally unable to suppress their self-generated ending. This
is a finding consistent with a deficient-inhibition view-
point.

Thus, taken together, these findings (from the present
experiments and the work of Hamm & Hasher, 1992, and
from May & Hasher, in press) would suggest that older
adults have deficient inhibition that makes it difficult to
clear working memory of no-longer-relevant informa-
tion.5 Older adults are able to compensate, to some de-
gree, for inefficient inhibitory attentional mechanisms
when explicitly elaborating information provides the
text-level interpretative materials that they seem not to
produce spontaneously in the face of sustained activa-
tion of alternative meanings. Finally, the present work also
strengthens arguments made in some text-comprehension
frameworks (e.g., Gernsbacher, 1990; Kintsch, 1993)
and in attentional-control frameworks (e.g., Hasher &
Zacks, 1988; Hasher, Zacks, & May, in press; Stoltzfus ~
et al., 1996) that inhibitory mechanisms are critical for
the establishment of cohesion in thought and action.
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NOTES
1. These norms were reconfirmed within the context of the present

experiment, with 49.8% of the participants generating the “self-
generated” word and 51.0% generating the “target” word to the medium-

295

cloze sentences, when the critical initial sentence was not exposed
during Phase 1 of the task. :

2. No comparisons were possible between aware and unaware par-
ticipants, because so few fell into the former category. ]

3. It is possible (as Stoitzfus et al., 1996, have argued) that this ten-
dency toward inclusion is part of the process that results in more in-
teresting stories being told by older adults than by younger adults
(Kemper, Rash, Kynette, & Norman, [990; Mergler, Faust, & Goldstein,
1985; Pratt & Robbins, 1991),

4. Explicit records of time of testing, along with an assessment of

" circadian rhythms, were not kept for the present investigation. How-

ever, since 1993, this laboratory has tended to test older aduits only in
morning hours, at least whenever possible (see May et al., 1993).

5. Enriched (or cluttered) working memory, we have argued eise-
where {Hasher & Zacks, 1988), creates comprehension problems via
the larger memory “fans” that are created during encoding, which, in
turn, can result in slowed and inaccurate retrieval of target items in
the cluttered fans {e.g., Zacks & Hasher, 1994). These retrieval errors,
then, result in failed on-line attempts to create the critical links be-
tween separate ideas that enable understanding and that aid the for-
mation of coherent representations of discourse. It is worth noting that
the enrichment of working memory during encoding (or the failure to
narrow activation to just that information most relevant to ongoing in-
terpretation) may also result in the more highly regarded stories that
older adults tell relative to those told by younger adults (see Pratt &
Robbins, 1961).
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