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Two experiments assess adult age differences in the extent of inhibition or negative priming
generated in a selective-attention task. Younger adults consistently demonstrated negative prim-
ing effects; they were slower 10 name a letter on a current trial that had served as a distractor on
the previous trial relative to one that had not occurred on the previous trial. Whether or not
inhibition dissipated when the response to stimulus interval was lengthened from 500 ms in
Experiment 1 to 1,200 ms in Experiment 2 depended upon whether young subjects were aware
of the patterns across trial types. Older adults did not show inhibiticn at either interval. The age
effects are interpreted within the Hasher-Zacks (1988) framework, which proposes inhibition as
a central mechanism determining the contents of working memory and consequently influencing

a wide array of cognitive functions,

There are many findings in the cognitive gerontology liter-
ature that are consistent with the suggestion that older adults
are more likely to be distracted by both environmental events
and internal thoughts than are younger adults (see Layton,
1975). Such evidence can be found across cognitive domains
ranging from visual selective attention {e.g., Madden, 1983)
to memory (e.g., Mueller, Kausler, Faherty, & Oliveri, 1980;
Winthorpe & Rabbitt, 1988) to language production (e.g.,
Gold, Andres, Arbuckle, & Schwartzman, 1988; Obler, 1980).

One critical question concerns the mechanisms that under-
lie presumed increases in distractibility with age. Recent the-
oretical and empirical develapments in the understanding of
selective attention may provide insight into the basis for these
behaviors. In particular, one line of work in selective attention
has converged on the notion that the process of selecting a
target stimulus may entail, in addition to any excitation
associated with the target, a suppression or inhibition process
that operates on response tendencies toward unselected stim-
uli (see, e.g., Keele & Neill, 1978; Lowe, 1985; Neill, 1977,
1979; Neumann & DeSchepper, 1989a; Tipper, 1985; Tipper
& Cranston, 1985). The presence of inhibition incurred during
selection on one trial may be seen when a previously unse-
lected distractor becomes the target on the subsequent trial.
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Young adults are reliably slowed (as measured, e.g., by the
time to name the target) when distractors become targets
relative to when a current target was not the previous trial’s
distractor, Carryover or suppression effects of this sort {some-
times called megative priming) have been reported for a broad
range of stimuli, including letters (Tipper & Cranston, 1985),
pictures (Tipper, 1985), pictures and words (Tipper & Driver,
1988), and Stroop items (Lowe, 1985).

It is possible that the mechanism underlying heightened
distractibility for older adults is a reduction in the effectiveness
of the inhibitory mechanisms that otherwise operate to facil-
itate, if not to permit, seleclive attention. We report iwo
experiments whose findings are consistent with the assump-
tion of an age-related decline in inhibitory efficiency. As well,
we report data on the time course of dissipation—ar lack
thereof—of suppression effects for young adults. In the dis-
cussion, we relate the developmental finding to a theory
{Hasher & Zacks, 1988) in which inhibitory attentional mech-
anisms play a central role in memory and language.

Experiment |

To compare the ability of younger and older adults to
suppress irrelevant information in the context of a selection
procedure, we used a letter-naming task introduced by Tipper
and Cranston (1985, Experiment 2). Subjects were asked to
name one of two letters (on the basis of color) on each of a
series of trials, Half of the trials were termed seguential
because the previous trial’s irrelevant letter served as the
current trial’s target, The remaining trials served as controls
on which both the target and distractor were different from
those on the previous trial. We expected to see a greater
carryover effect on sequential trials for younger adults than
for older adults; older adults were not expected to efficiently
suppress the irrelevant letter an a given trial and therefore
would not be slowed to name it when it became the target
letter on the next trial.
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Method

Design and subjects. The performance of vounger and older
subjects was compared on a task in which two letters—a target in one
color (e.g., red) and a distractor in another color (e¢.g., green)—
appeared on a screen. One color served to identify the target letter on
all trials. There were two letter-naming conditions: a sequential one
in which the current target letter had been the previous pair's distrac-
tar letter, and a control condition in which both the current target
letter and its distractor were different from both members of the
previous pair.

Thirty younger (range = 18-24 vyears, M = 19.4 years) and 30
older (range = 62-74 years, M = 67.9 vears) adults participated. The
young adults were students and were either enrolled in an introduc-
tory psychology course or were recruited from the undergraduate
population at large. Those in the course received credit toward a
requirement, and the others were paid $5 for their participation. The
older adults were recruited from the subject poel maintained by the
Duke University Center for the Study of Aging and Human Devel-
opment. These participants were paid $10 plus parking, the local
standard rate for experiments of approximately an hour’s duration.

Materials. Twelve letters served as experimental stimuli (A, B,
C.D,E 1, K, N,0,S, T, and V). The letters were presented in pairs
in the middle of a Mitsubishi color moniter, which was controlled by
a program executed on an AT-compatible microcomputer with an
enhanced graphics adapter (EGA) card. Each letter was 6 mm in
height and width. A single 6-mm space separated the two letters.
Subjects sat approximately 75 cm from the screen. For the two-letter
stimulus array, the visual angle subtended by the distance from the
extreme outer edge of one letter to the outer edge of the other was
1.37°.

Stimuli were presented in lists of 10 letter pairs. There were 12
unique sequential lists and 12 unique control lists. On Trials 3 to 9
of the sequential lists, the target was always the distractor of the
previous trial. (The sequence from Pair | to Pair 2 and from Pair 9
to Pair 10 was randomly determined in order to decrease the chances
of subjects noticing the sequential pattern in the critical lists.) Target
letters were randomly assigned to the right- or left-hand position with
the constraint that targets could not occur in the same position maore
than three times in succession,

Control lists were constructed so that the target letter and target
position in each of the 12 lists matched the target letter and target
position in each of the sequential lists. The distractor letter for each
control trial was then chosen randomly from the i1 remaining letters
with the constraint that no distractor letter appear as a target or
distractor letter on the subsequent trial.'

Each of the 12 sequential hists and each of the 12 control lists
appeared twice in the experimental session, once in the first half of
the experiment and once in the second half, for a total of 48 list
presentations. The order of presentation of lists was determined
randomly for each of the halves of the experiment, with the restriction
that no list type could occur more than three times in succession.

Procedure. Subjects were tested individually, One-half of the
subjects in each age group was instructed to name the red letter, and
the other half was instructed to name the green letter.? [nstructions
encouraged subjects to place equal emphasis on speed and accuracy.

The experiment began with a familiarization procedure in which
subjects first saw each stimulus letter on the screen. They then saw
the sequence of events within a single trial and practiced using the
voice-activated relay, which was used to record the onset of a response
to a letter pair. During the familiarization procedures, the sensiivity
of the relay was adjusted to each participant’s voice, using a counting
task. Subjects then received five full practice lists of 10 control trials
each. Only control lists were used in this phase of the experiment to
diminish the opportunity for participants to become aware of the

structure of the sequential lists, As will be seen in Expriment 2, this
concern was more important than initially anticipated.

In the experiment proper, each list began with an instruction to
the participant to press the kevboard’s space bar. A trial then consisted
of the following sequence of events: White fixation crosses appeared
for 500 ms at the points at which the red and green letters would next
appear. The letters were then presented for 200 ms and were imme-
diately replaced by a pair of asterisks, each in the color of the letter
it had replaced. The asterisks remained on the screen until the subject
inttiated a response, which then reinstated the fixation crosses for the
next trial. Reaction times were measured from the offset of the array
to the onset of the response. They were recorded on all trials, but
only responses on Pairs 3 to 9 were entered into the analysis of the
data.® With 24 lists of cach type, a maximurn of [68 responses was
scored for each condition.

If the subject missed a letter display, he or she said “go” to start
the next trial, as instructed during the familiarization procedure.
Subjects were formally offered a break after 24 lists, although because
all trials were self-initiated they were able to take breaks at their own
convenience. No records were kept of these pauses.

Immediately after the experiment proper, subjects werc asked a
series of questions about their perceptions of the nature of the lists of
letter pairs. In particular, our goals were twofold. First, we were
interested in the degree to which subjects became aware of the
sequential nature of some of the lists. To this end, subjects were asked
whether they noticed any patterns in the lists. Subjects who said ves
were then asked to specify those patterns and, if they did so correctly,
were classified as being aware of the sequential manipulation. The
data of these subjects were deleted, leaving 25 younger subjects and
28 older subjects whose data constituted the set analyzed for the main
experiment.”

We were also interested in the emphasis subjects placed on speed
versus accuracy. To this end, subjects were asked to assign a ratio
value to represent their relative emphasis on these two task demands
(e.g., 60% emphasis on accuracy). Following this procedure, subjects
were given the Shipley-Hartford vocabulary test and were debriefed.

Resulis and Discussion

Subject comparisons. The mean ages of the 25 vounger
and 28 older unaware subjects were 19.4 and 68.1, respec-
tively. These groups of subjects did not differ in years of
education (14.0 and 15.0, respectively), #(51) = 1.73, p < .09,
in number correct on the Shipley-Hartford vocabulary test

"An error in programming resulted in rare occurrences of the
reappearance of a previous distracting letter as a target on a subse-
quent trial in the control condition. Across subjects, this occurred on
fewer than 2% of control trials. This error might be expected to
reduce differences between sequential and control trials. A rescoring
of protocols omitting these trials did not alter any conclusions.

* Although no test for color blindness was given, only 1 subject
reported any difficulty with determining the appropriate ¢olor. That
subject received additional practice trials and produced error rates in
the main task that were acceptable. One older subject was replaced
for failing to follow instructions. The data from 3 other subjects were
replaced because of equipment problems.

? Tipper and Cranston (19835, Experiment 2) used data from odd-
numbered trials only.

* A similar procedure was followed in the second experiment, at
which time we became aware ourselves of the impact of this difference
between subjects, a matter discussed at the end of Experiment 2.
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Table 1

Mean Reaction Times and Proportions of Errors (in parentheses) for Sequential and Control Trials for Younger and Older,

Unaware Adults for Experiments 1 and 2

Experiment 1 (RSI = 500 ms)

Experiment 2 (RSI = 1,200 ms)

Group n ng:qpeAnrtri%lrm ~_ Control Inhibition ] Sequential Control Inhibition
Younger 25 284.4 (.056} 275.5(.034) 21 298.8 (.033) 291.2(.022) 7.5
Clder 28 337.5 (075} 335.1 (.061) 28 365.3 (.066) 367.1 (059 —1.8

Note. RSI = response-to-stimulus onset interval.

(scores of 34.5 and 34.0 of 40 possible, respectively), (51} <
1, or in the relative emphasis placed on accuracy (57.1% and
64.8%, respectively), ¢(50) = 1.58, p < .13.°

Errors.  As an initial step, trials on which errors occurred
were removed from the data set. To this end, we started with
five categories of errors: task unrelated (e.g., when environ-
mental noises triggered the voice relay); miss trials (when a
subject did not see the target pair); uncorrected error trials
(when a subject said the distractor letter); corrected error trials
(when a subject corrected his or her output before the onset
of the next pair); and short-latency responses {occurring
within 100 ms of the offset of the letter pair). These errors
were determined by listening to a tape recording of each
subject’s perfarmance.® Because there were too few errors in
each of these subcategories to analyze them separately, we
collapsed across the categories to produce a total error score
in each condition. These error rates are shawn in Table 1. A
2 x 2 (Ages X Trial Types [sequential vs. control]) mixed
analysis of variance (ANOVA) was performed on errors, Older
adults made more errors than younger adults, F(1, §1) =
5.76, MS. = 67.2, p < .03, and subjects made more errors on
sequential than on control trals, F{1, 51) = 21.06, M8, =
12.3, p < .001. The interaction between age and trial iype was
not significant, F < 1. There was no evidence, for either
younger or older subjects, of a speed/accuracy trade-off.

Reaction time.  All remaining scores were then averaged
within sequential and control trials to produce two reaction
time measures per subject. These means are given in Table 1.
Reaction times were subjected to a 2 x 2 (Ages X Tral Types
[sequential vs. contral]) mixed ANOVA. As is apparent from
Table 1, older adults were reliably slower than younger adults,
F(1, 51) = 8.63, p < .01, M5, = 9727.7. Overall, responses
on sequential trials were slower than those on control trials,
F(1, 51) = 14.38, p < .01, MS, = 58. Of particular relevance
to the present hypothesis was the reliable interaction between
Age and Trial Type, F(1, 51) = 4.78, p < .04. Post hoc tests
revealed significant (8.9 ms) slowing for younger adulis on
sequential compared with control trials, F(1, 24) = 24.50, p
< .01, MS, = 40.03. This slowing is of the order of magnitude
reported elsewhere (e.g., Neumann & DeSchepper, 1989a,
Experiments 2 and 3; Tipper & Cranston, 1985, Experiment
2), although larger effects have also been reported with differ-
ent sorts of materials (e.g., Neill & Westberry, 1987, Experi-
ment 2; Tipper, 1985; Tipper & Cranston, 1985, Experiment
3). Thus, young adults in the present study demonstrate the
now frequently reported “negative priming” effect thought to
be associated with suppressing an unselected stimulus on a
previous selection irial. No such suppression effect was found

for older adults, F{1, 27) = 1.07, whose net difference between
sequential and control trials was only 2.4 ms.

Awareness. Because only 2 older adults became aware of
the sequential patterns of trials, we focus here on the perform-
ance of 5 vounger adults who were aware of the sequential
dependencies in the experimental lists. Aware subjects were
slower than unaware subjects on both sequential (327.9 ms
and 284 .4 ms, respectively) and control (320.5 ms and 275.5
ms, respectively) trials, #(28) = 1.96 and 2.01, respectively, ps
< 06. However, their mean inhibition score (7.4 ms) did not
differ from that of unaware subjects (8.9 ms), #{28) < 1. These
two groups of youuger subjects also did not differ on any
other measured dimension, including Age, Education, Vocab-
ulary, Errors, and self-reported Emphasis on Accuracy {largest
t= 177, ps > .09).

The present data are quite straightforward in showing the
presence of suppression effects for younger adults, a finding
that replicates the work of many investigators (e.g., Tipper,
1985; Tipper & Cranston, 1985). What is important here is
the absence of a detectable suppression effect for older adults.

Experiment 2

Neill and Westberry (1987, Experiment 2) traced the time
course of inhibition: using Stroop materials by varying the
interval between the response made on one trial and the onset
of stimuli on the next trial. Their data suggested, for young
subjects, that the time course of inhibition follows a pattern
of a buildup from 20 to 520 ms, followed by a decline
thereafter from 520 ms to 1,020 ms to 2,020 ms. Inhibition
was assumed by those investigators to passively dissipate over

* One subject gave no speed/accuracy ratio and so is not included
in this analysis.

¢ Another less time-consuming scoring procedure has been intro-
duced by Neumann and DeSchepper (1989b). They eliminated all
scores greater than 2,000 ms and less than 200 ms as well as scores
on trials following such deletions. In addition, they removed scores
greater than 5 standard deviations from each conditions mean. The
present data were rescored using a very similar method. All scores
under 50 ms from the offset of the target were deleted, as were scores
greater than 5 standard deviations and the immediately following
trials. We also took out trials on which subjects did not see the
stimulus display. The correlations between the two scoring tech-
nigues—that used in the text and that described here—are 99 for
both scquential and control trials for both expriments. No conclusions
would have been altered using this less time-consuming scoring
procedure.
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time. In the present experiment, we extended the response-
to-stimulus cnset interval to 1,200 ms. Our expectation for
young subjects was that performance would be consistent
with that reported by Neill and Westberry in showing a decline
in the amount of inhibition.

With respect to older adults, the increased response-to-
stimulus interval might be an opportunity for an inhibitory
system that is siow or inefficient, or both, to build up to
detectable levels of activity. This view is consistent with a
broad range of findings showing older adults to be slower than
younger adults on a wide range of tasks (e.g., Salthouse, 1982).
Thus, our expectation was the reverse of the pattern of data
found for Experiment 1: We now expected to see less suppres-
sion for younger adults and measurable suppresston for older
adults. In neither of these instances were our expectations
confirmed. Indeed, the data suggest quite a different picture
than hitherto seen of the time course of inhibition, while
adding support to the finding from the first experiment that
older adults have reduced inhibition.

Method

Subjects. Thirty younger {range = 18-22 years, M = 18.7 years)
and: 30 older (range = 62-75 years, M = 69.0 years) adults were
tested. All the younger subjects were recruited from an introductory
psychology course, Older subjects were recruited from the same
source as in the first experiment and were paid for their participation.
Five younger subjects were replaced because of equipment failures.

Procedures.  The major procedural change was introduced by the
increase in the response-to-stimulus onset interval. This was adjusted
by lengthening the exposure duration of the white fixation crosses
from 500 to 1,200 ms, An additional change was that the vocabulary
test was given first in the sequence of events rather than last. In all
other respeets, the procedures and matenals of Experiment 2 were
identical to those of Experiment 1.

Results

Subject comparisons. One alder and 9 younger subjects
were aware of the list structure. Their data, together with that
of one older participant who had a deviantly high rate of
errors (26%), were deleted. The mean ages of the remaining
21 younger subjects and 28 older subjects were 18.6 and 68.6
years, respectively. The older subjects had more years of
education (16.1) than did the younger subjects (13.2), ((47) =
4.67, p < .01, as well as a higher mean on the Shipley-
Hartford vocabulary test (36.0 vs. 33.0), ¢{47) = 3,12, p <
.01). Older and younger subjects did not differ in the relative
emphasis they reported placing on accuracy {(60.2% wvs.
55.3%), 1(42) = 1.05.7 Differences in education and vocabu-
lary scores had little relation to the measure of inhibition,
75 = —.10 and —.21, respectively.

Errors. Table | shows the mean proportton of errors for
younger and older subjects on sequential and control trials.
Asin Experiment 1, errors were subjected to a 2 X 2 ANOVA,
Here again, there were main effects of Age, (1, 47) = 14.36,
MS. = 56.3, and Trial Type, F(1,47) =713, M5. =73, p<
.02, but no interaction, F < 1, Again, although errors differed
with age, there was no evidence of a speed/accuracy trade-off
for either younger or older adults.

Reaction time. Al trials having errors were deleted, and
the remaining scores were then averaged for sequential and
for control trials. The resulting mean reaction times may be
seen in Table 1. A 2 x 2 mixed ANQVA showed a pattern of
results similar to that seen in Experiment 1. Older adults were
slower than were younger adults, F(1, 47) = 9.21, p < .01,
MS. = 13213.6. The absence of an overall difference between
sequential and control trials, F(1, 47) = 1.58, is attributable
to the reliable interaction between Age and Trial Type, F(1,
47) = 4.16, p < .05, MS. = 125.2. Again, younger adults
showed a significant inhibition effect (of 7.5 ms), F(1, 20) =
20,02, p < .01, MS, = 29.72, that is comparable to that seen
in Experiment |. By cantrast, older adults still showed no
evidence of reliable inhibition (—1.8 ms), F(1, 27) < I,
MS, = 195.6.

It is clear that a longer intertrial interval does not necessarily
permit the buildup of inhibition for older adults. They con-
tinue to show no carryover effects across successive scquential
trials. Although somewhat unexpected, these findings, like
those of Experiment 1, are consistent with the hypothesis
advanced by Hasher and Zacks (1988) that, relative to
vounger adults, older adults show reduced inhibition in the
context of selective-attention tasks.

More surprising here, based on expectations from the work
of Neill and Westberry (1987), is the absence of any evidence
of diminution of inhibition for young adults across the length-
ened intertrial interval. Aithough Neill and Westberry did not
actually test subjects at the present intervals, testing instead
at 20, 320, 1,020, and 2,020 ms, interpolation from their
Figure | leads to the expectation of a decline. OQur data suggest
another source for declines in suppression: strategics adopted
by subjects who become aware of the sequential nature of
experimental trials. We thus considered the possibility that
awareness plaved a substantial role in performance at the
present response-to-stimulus onset interval.

Awareness.  An inspection of the data of the 9 aware,
younger subjects is particularly revealing. They took a mean
of 302.9 ms to respond on control trials and a shorter mean
of 291.8 ms to respond on sequential trials, This produced a
facilitation on sequential trials of 11.1 ms, an effect that was
not significant, #(8) = 1.54, p < .16, although 7 of 9 subjects
showed facilitation. However, because the overall inhibition
score includes performance on both early trials, during which
subjects were probably unaware, as well as later trials, during
which they were aware, an analysis of inhibition scores on
just the trials in the second half of the experiment was
performed. Facilitation was now 32.8 ms and was marginally
significant, #(8) = 2.28, p = .052. Thus, young adults who
were aware of the nature of the relationship across successive
sequential trials actually tended to be faster on those trials
than on control trials. These subjects were able to use their
knowledge of the irrelevant letter on one trial to speed their
production of that letter’s name on the next trial. The aware
subjects in the present study did not differ from unaware
subjects in Age, Education, Vocabulary, Errors, or self-re-
ported Emphasis an Accuracy, largest 1(28) = 1.53, p> .13.

7 Five subjects gave no speed/accuracy ratio and so are not included
in this analysis.
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Although facilitation on sequential trials has been reported
for subjects who were urged to be quick rather than accurate
in responding (Neill & Westberry, 1987, Experiment 1; Neu-
mann & DeSchepper, 1989b), our aware subjects did not have
faster reaction times overall than their unaware agemates,
1(28) < 1. Instead, 1,200 ms between trials appears to be
sufficient to permit some subjects to become aware and for
aware subjects 1o use their knowledge of the unselected letter
on ong trial to prepare for a speeded response to that letter
an the next trial. Further consideration of the data of the 5
young, aware subjects of Experiment 1 supports the latter
point. Recall that these subjects did not show facilitation; they
actually produced an inhibition score of 7.4 ms, which was
not different from that of unaware subjects. Apparently, the
300 ms available to subjects in Experiment | permitied a
small number of subjects to become aware of the relations
across sequential trials, but it was not sufficient time for those
subjects to successfully use this knowledge. An analysis of
inhibition scores for only the second half of the irials confirms
this. The inhibition scores for aware and unaware subjects
were not significantly different at the 500-ms response-to-
stimulus onset interval, {(28) = 1.15. The data also suggest
that the number of subjects who became aware increases with
the intertrial interval.

Crossexperiment comparisons. The pattern of perform-
ance in Experiment 2 suggests the possibility that evidence
interpreted as decay of inhibition may be produced by col-
lapsing across data from two groups of subjects (aware and
unaware), particularly in long intertrial-interval conditions.
To assess this possibility, we considered the data of all young
subjects, aware and unaware, in both experiments. These
means are reported in Table 2. A 2 X 2 (Intervals [500 ms vs.
1,200 ms] x Conditions [sequential vs. control]) mixed AN-
OVA was conducted on reaction times. The small overall
difference between sequential and control trials was still reli-
able, F(1, 58) = 10.21, p < .01, MS, = 81.9. The difference
in response-to-stimulus onset intervals did not impact on
performance as a main effect, F < 1, although as can be seen,
there was a reliable interaction between the time interval and
the trial conditions, F(1, 58) = 4.08, p < .05, MS. = 81.9.

Simple effects revealed that the difference between sequen-
tial and control trials was reliable at a 300-ms interval between
response and stimulus onset (Experiment 1), F(1, 29) = 27.3,
p < .01, MS, = 40.82. However, that same difference was no
longer reliable at 1,200 ms (Experiment 2), F(1, 29) < 1, This
is precisely the pattern that would be predicted by interpolat-
ing from Figure 1 of Neill and Westberry (1987). However, if
only data from unaware subjects are considered, the present

Table 2

Mean Reaction Times and Proportion of Errors (in
parentheses) for Sequential and Control Trials for Al
Younger Participants Experimenis 1 and 2

Experiment Sequential Control Inhibition
1 (RSI = 500 ms) 291.6 (.051) 283.0(.032) 8.6
2 (RSI= 1,200 ms) 296.7 (.037) 2947 (.024) 2.0

Note. RSI = response-to-stimulus onset interval, For both experi-
ments, #.= 30,

findings show stability of suppression effects across increasing
response-to-stimulus onset intervals.

General Discussion

The present experiments address two empirical issues re-
garding the role of suppression in selective attention: (a) the
time course of suppression effects, and (b) age differences in
suppression effects across the adult lifespan. The findings are
quite straightforward. Suppression effects were maintained for
young, unaware subjects as the response-to-stimulus onset
interval increased from 500 to 1,200 ms. Recently, persistent
inhibition has been found for even longer intervals (Stoltzfus,
Hasher, Zacks, & Smith, 1990; Tipper, Weaver, Cameron,
Brehaut, & Bastedo, 1990), raising the question of when or
how inhibitian does actually dissipate. One possibility is that
release from inhibition may require that a response actually
be made to the previously suppressed stimulus or to some
other stimulus or event.

With respect to age differences, the data are also straight-
forward: Younger adults show a suppression or negative prim-
ing effect that is comparable to that reported elsewhere (Neu-
mann & DeSchepper, 1989a; Tipper & Cranston, 1985, Ex-
periment 2). Older adults, however, show no negative
priming. Unlike the younger adults, older adults were able to
select an item on one trial without that choice having a
measurable consequence for the unselected item when that
item subsequently served as the target. This result was ob-
tained even in Experiment 2 in which the response-to-stimu-
lus onset interval was lengthened in an attempt to allow the
effect of what might be a sluggish inhibitory system to become
manifest.

The absence of a carryover effect (either positive or nega-
tive) from one sequential trial to the next for older adults
might suggest that they were not processing the distractor
letter while selecting the target. Recall, however, that the task
itself gave no clue as to the position in which the target letter
would occur on each trial. Presumably, subjects had to fixate
on the center of the screen 1o be prepared 1o find the target
at either spatial location. Further, there was not sufficient
time, once the two letters appeared, for subjects to make an
eye movement from one letter to the other should the first
letter have been the incorrect one. Therefore, if subjects could
accurately select the target, they must also have processed the
distractor to some extent. The error rate of older adults,
although higher than that of younger adults, affected only 6%
to 7% of trials, confirming that older adults were indeed
processing both stimuli on most trials.

Two other findings are consistent with the view that older
adults processed the unselected stimulus term. First, we have
found, using the same exposure conditions as in these exper-
iments, that both older and younger adults are slower to
respond on trials on which a subject must select and name
one letter of two compared with trials on which subjects name
a single letter occurring in one of two locations (Stoltzfus et
al., 1990; see also McDowd & Oseas, 1990; Tipper, 1990).
Clearly, the presence of a second letter causes interference for
older participants, as it does for younger participants.
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Second, there is also recent evidence that older adults, like
vounger adults, can benefit from the presence of a distractor
that repeats across several selection trials of the sort used in
the present experiment (McDowd & Oseas, 1990). Facilitation
an such trials suggests that older subjects acquired informa-
tion about the identity of the distractor on ane trial that made
it casicr (o ignare that distractor on the next.

Although older adulis can consistently select a target, they
show no residual effects of their exposure to a distracting
stimulus on a subsequent naming trial (see also McDowd &
Oseas, 1990; Tipper, 1990). This finding suggests that there
are age differences in the mechanisms, particularly those
involving suppression, that are thought to underlie selective
attention. or more specifically, the consequences of selective
attention. The second experiment suggests that the problem
for older adults is not with a suppression system that is itself
slowed; a longer response-to-stimulus onset interval does not
permit a detectable buildup of suppression for the unselected
item

We turn now to an account of these findings that ties them
to a recent model interrclating attention, memory, and lan-
guage (Hasher & Zacks, 1988). In this maodel, a central focus
is on the mechanisms that control access to activated (Cowan,
1988) or working memory, or both. Centrally important is a
suppression process that acts on stimuli that are off the goal
path as determined by the objective task or by the motives of
the subject, or by both. These inhibitory mechanisms operate
at encoding, to influence the range of contents of working or
activated memory, as well as at retrieval, when they determine
the breadth of search paths through memory. Hasher and
Zacks (1988) speculated, on the basis of existing findings in
the attention, memory, and language literatures, that older
adults have attentional deficiencies in the mechanisms that
control access to activation, A diminished inhibitory system
will permit, at the time of input, an “enriched™ memory that
is working or activated or both, because fewer stimuli will be
excluded from consideration. As well, irrelevant stimuli that
are activated will receive richer processing becausc they will
not be as effectively dampened, as can occur with a more
efficient suppression system. Finally, at retrieval, inefficient
inhibition will also prevent the dampening of activation along
irrelevant retricval pathways.

Consistent with the prediction of enriched activation is
recent cvidence that shows that, relative to younger adults,
older adults are more likely o consider interpretations of
material they are reading that are not central to the objective
meaning of a passage (Hamm & Hasher, 1990). They also are
more likely to maintain alternative interpretations even when
they have been contradicted or superseded by new informa-
tion (Hamm & Hasher, 1990; Hartman & Hasher, 1990).

The theorv also predicts that reduced suppression will be
associated with heightened levels of competition at retrieval
(e.g.., Anderson, 1983; Postman & Underwood, 1973) for
older subjects. Their lack of inhibitory effectiveness will allow
a large number of traces to become associated while simuita-
neously active in working memory. Heightened competition
may also be the resuit of the inability to suppress irrelevant
ideas at retrieval. Recent evidence suggests that older adults
are, in fact, differentially susceptible to competition effects

(Gerard, Zacks, Hasher, & Radvansky, in press; Winocur,
Moscovitch, & Witherspoon, 1987).

Thus, diminished inhibitory efficiency may be a central
mechanism underlying both the heightened distractibility and
poor recall often reported for older adults. From the perspec-
tive of this model, the present findings represent the first
direct evidence of age-related declines in what may be a basic
mechanism of selective attention.

We turn now to consider selective attention and the role of
suppression processes. Negative priming results are taken as
evidence that the process of selecting one stimulus from an
array also entails the suppression of one or more unsclected
elements. The present data suggest that selection can oceur
without necessarily engaging suppression for unselected itcms
(contrast Navon, 1987; Neumann, 1984), because clder sub-
jects can select the target yet show no distractor suppression.
Similar findings have been reported by Tipper, Borque, An-
derson. and Brehaut (1989) in research with second-grade
children. Although selection may be possible without inhibi-
tion, one consequence of diminished suppression might well
be reduced efficiency of selection (see McDowd & Oseas,
1990; Tipper, 1990). Indeed there is evidence that people who
scare high on a questionnaire that indexes absent-mindedness
also show less suppression (Tipper & Baylis, 1987). As well,
if evidence of widespread and sustained activation of inappro-
priate mcanings can be taken as evidence of the failure of
inhibitory control, as we and others have suggested (Netll,
1989), then there is cvidence of individual differences in
suppression among both children (Merrill, Sperber, & Mc-
Cauley, 1981) and young adults (Gernsbacher & Faust, 1990;
Gernsbacher, Varner, & Faust, 1990).

The present findings appear to confirm a central assump-
tion of the Hasher and Zacks (198R) theory: the existence of
age differences in inhibition at the level of selective attention.
Although most often thought of as occurring during the
presentation of information, mechanisms of selective atten-
tion probably play a rolc at retrieval as well, at least insofar
as choices must be made along thc search path between
relevant and irrelevant responses to retrieval cucs. Thus, older
adults (and others) may be impaired both at inputl and at
retrieval by inefficient inhibitory mechanisms enabling acti-
vation of irrelevant ideas or search paths that ultimately slow
or impede retricval of target facts.

¥ On the basis of the persistence of inhibition for vounger adults
across the two response-to-stimulus onset intervals, it seems unlikely
that the absence of negative priming for older adults can be accounted
for by suggesting that what inhibition older adults have builds up
quickly and is dissipated by the time we attempted to mecusure it.
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