Journal of Experimental Psychology:
Learning, Memory, and Cognition
2001, Vol. 27, No. 4, 948-957

Copyright 2001 by the American Psychological Association, Inc.
0278-7393/01/85.00 DOI: 10.1037//0278-7393.27.4.948

Removing Irrelevant Information From Working Memory:
A Cognitive Aging Study With the Modified Sternberg Task

Klaus Oberauer
University of Potsdam

Two experiments with a modified Sternberg recognition task explored the ability of young and old
adults to remove irrelevant information from working memory. The task involved 2 memory sets, 1
of which was later cued as irrelevant. The recognition probe was presented at a variable time after
the cue. Two indicators of inhibition, the setsize effect of the irrelevant set and the reaction time cost
of intrusion probes (i.e., negative probes present in the irrelevant list), were dissociated. Irrelevant
setsize effects lasted less than 1 s after the cue and did not differ between old and young adults.
Intrusion costs lasted up to 5 s and were disproportionally large for old adults. With the additional
requirement to remember both lists until after the probe, young adults’ intrusion costs in Experi-
ment 2 were equivalent to those of old adults in Experiment 1, but the setsize effects of the irrelevant
set was larger. The results are compatible with a dual-process model of recognition in combination
with a working-memory model distinguishing the focus of attention from the activated portion of

long-term memory.

Working memory can be characterized as a system that
temporarily holds information available for ongoing cognitive
processes (e.g., Baddeley, 1986; Miyake & Shah, 1999). Most
memory theories assume that a mental representation is avail-
able to the degree that it is activated. Therefore, some authors
proposed to identify working memory simply with the most
activated subset of representations in long-term memory
(Anderson, 1983; Cantor & Engle, 1993). Several recent models
of working memory, however, draw a distinction between the
activated part of long-term memory and a more central
component.

Cowan (1988, 1995) described the central component as a
capacity-limited focus of attention, holding those representa-
tions that a person is aware of at any moment. The focus of
attention is distinguished from activated representations in
long-term memory, which are not subject to a capacity limit, but
decay over time if they are not refreshed. Cowan (1995) linked
his focus of attention to the feature-integration theory of Tre-
isman (1988), suggesting that the focus is needed to bind
together the features of an object (e.g., color, form, location).
An analogous distinction between representations activated in
long-term memory and representations linked to the present
goal chunk is made in the most recent version of the ACT-R
architecture (Anderson & Lebiere, 1998). As in Cowan’s (1995)
model, there is no limit to the activation of representations in
long-term memory, but the fixed amount of source activation

This research was funded through Deutsche Forschungsgemeinschaft
Grant INK 12, Project C. I thank Petra Gruettner for her assistance with
collecting the data, and Nelson Cowan, Reinhold Kliegl, Stephan Lewan-
dowsky, Ulrich Mayr, Lynn Hasher, and two anonymous reviewers for
their valuable comments on an earlier version of this article.

Correspondence concerning this article should be addressed to Klaus
Oberauer, Allgemeine Psychologie I, University of Potsdam, P. O. Box 60
15 53, 14415 Potsdam, Germany. Electronic mail may be sent to
ko@rz.uni-potsdam.de.

948

that can be distributed among representations in the present
goal chunk is responsible for the pervasive capacity limits of
cognition.

The first goal of the present study was to provide evidence for
the distinction between the activated part of long-term memory
and the focus of attention, and to gain information on the different
functions of the two subsystems. To this end, I used a combination
of the Sternberg recognition task (Sternberg, 1969) with directed-
forgetting instructions. The rationale of the modified Sternberg
task will be described in the next section. A second goal was to test
predictions from the inhibition deficit account of cognitive aging
advanced by Hasher and Zacks (1988). This aspect of the study
will be elaborated in a later section.

The Modified Sternberg Task and Dual-Process Models
of Recognition

The distinction between the focus of attention and the acti-
vated part of long-term memory, as introduced above, can be
mapped to the much older distinction between two processes
involved in episodic recognition: familiarity matching and rec-
ollection (e.g., Atkinson, Herrmann, & Wescourt, 1974; Man-
dler, 1980). According to dual-process models of recognition,
the cognitive system receives evidence for or against the ac-
ceptance of a probe as “old” from two sources. The first is a
familiarity signal, computed quickly by a parallel matching of
the probe to representations in long-term memory. The famil-
iarity signal is strong if there is at least one item in long-term
memory that is highly similar to the probe and at the same time
is highly activated. The second source of evidence comes from
a slower process that recollects specific instances in which the
probe item was encountered before. While a familiarity match
is based on the identity and the activation of memory represen-
tations alone, recollection necessarily involves the context of
the episode in which an item had appeared before. Thus, rec-
ollection, but not familiarity matching, requires that the mem-



IRRELEVANT INFORMATION IN WORKING MEMORY _ 949

ory contents are kept in the focus of attention, which provides
the binding of content elements to their context.’

In the case of the classical Sternberg recognition task (Stern-
berg, 1969), both sources provide useful evidence, and the cogni-
tive system can discriminate old from new items fairly accurately
on the basis of either source of information or a combination of
both. With the modified Sternberg task, however, familiarity and
recollection can be discriminated. In the task version used here,
two memory lists are presented simultaneously. After the lists are
memorized, a cue indicates which of the two lists is relevant for the
recognition task. The probe that follows the cue must be compared
with the relevant list alone, and probes included in the irrelevant
list must be rejected like new probes. In this task, a probe that has
been present in either list will elicit a strong familiarity signal, and
this signal does not discriminate between a probe item that has
been in the relevant or in the irrelevant list. Only with recollection
can the system determine in which list context the probe item has
been presented. Recollection is particularly needed to reject intru-
sion probes, that is, probes that were part of the irrelevant list.

One intention motivating the design of a modified Sternberg
task was to study the fate of informatign in working memory that
is no longer relevant. The cue can be taken as an instruction to
forget the irrelevant list. The person can begin to forget the
irrelevant items when the cue is presented, and presenting the
probe at various cue-stimulus intervals (CSIs) will therefore re-
flect memory states with more or less complete directed forgetting.
By manipulating the CSI between the list cue and the probe, one
can trace the dynamics of intentional forgetting in working
memory.

Within a model such as Cowan’s (1995), clearing irrelevant
information from working memory can be assumed to involve two
processes. One is removing the irrelevant memory contents from
the focus of attention, thereby freeing limited resources. The other
process is to deactivate the no-longer-relevant contents in long-
term memory, thereby reducing the probability that activated ir-
relevant representations intrude into cognitive operations per-
formed with the relevant information in the focus.

These two aspects of intentional forgetting can be measured by
two indicators. The first one is the setsize effect of the irrelevant
set. Reaction times in the Sternberg task increase with the size of
the memory set to which the probe is compared. The setsize effect
most likely reflects the limited capacity of the focus of attention.
As long as there is a setsize effect not only of the relevant list, but
also of the irrelevant list, one can conclude that the irrelevant list
is still kept in the focus of attention. The second indicator is the
size of the intrusion effect. Previous research with a similar ex-
perimental paradigm (Monsell, 1978; Neumann & DeSchepper,
1992) has shown that probes that were present in the to-be-
forgotten list were rejected with longer latencies than probes that
were completely new. In the context of dual-process models this
effect can be interpreted as resulting from the invalid familiarity
signal elicited by a probe from an irrelevant list. A speed-
accuracy-tradeoff study by McElree and Dosher (1989) provided
direct evidence that such probes elicit an early tendency to respond
“yes,” which is later overridden. The reaction time difference
between intrusion probes (i.e., probes from the irrelevant list) and
truly negative probes (i.e., completely new items) can be taken as
an indicator of the residual activation of memory contents that are
declared to-be-forgotten.

An important prediction from a model such as Cowan’s (1995)
is that the two indicators of intentional forgetting can be dissoci-
ated. In particular, it should be possible that memory elements are
activated, but outside the focus of attention. In the context of the
modified Sternberg task introduced here, this means that memory
elements from an irrelevant list can elicit strong familiarity signals
without using up limited capacity. Evidence compatible with this
suggestion comes from a study by Neumann and DeSchepper
(1992). In a modified Sternberg paradigm, they found intrusion
effects, while the reaction times did not increase with the setsize of
the irrelevant list (varied from one to four). With the paradigm
used by Neumann and DeSchepper, however, it was not possible to
trace the time course of intentional forgetting, because the irrele-
vant list and the signal to forget it always preceded the presentation
of the relevant list, and hence the probe could only follow several
seconds after forgetting of the irrelevant list had begun.

Aging, Working Memory, and Inhibition

The ability to remove no-longer-relevant information from
working memory has been an important topic in cognitive aging
research because of the inhibition-deficit hypothesis advanced by
Hasher and Zacks (1988; Hasher, Zacks, & May, 1999). According
to this hypothesis, older adults are generally less efficient in
actively inhibiting irrelevant information. Applied to working
memory, this means that older adult’s working memory tends to be
overloaded with irrelevant information, because this information
cannot be efficiently removed by inhibition.

Research from Hasher, Zacks, and their colleagues (summarized
in Stoltzfus, Hasher, & Zacks, 1996), as well as other groups, have
provided considerable support for the inhibition-deficit hypothesis.
Older adults show signs of having no-longer-relevant sentence
endings available to a higher degree than do younger adults in an
implicit memory test (Hartman & Hasher, 1991; Hasher, Quig, &
May, 1997; but see Paul, 1996). In studies of directed forgetting
for supraspan word lists, older adults remembered fewer to-be-
remembered words than did young adults, but an about-equal
number of to-be-forgotten words (Zacks, Radvansky, & Hasher,
1996, Experiments 1 and 2). When equated for overall perfor-
mance in an A-B, A-Br paired-associates task, older adults
showed more intrusions from previous lists than did young adults
(Kliegl & Lindenberger, 1993). Older adults also showed a larger
fan effect in the fact-learning paradigm introduced by Anderson
(1974). The fan effect is interpreted as resulting from the spread of
activation from a cue to its associates; less effective inhibition of
wrong associates increases reaction time and error rates for items
with many close associates (i.e., those with a large “fan”; Gerard,
Zacks, Hasher, & Radvansky, 1991). The smaller negative-
priming effect in older as compared with young adults (Verhae-
ghen & De Meersman, 1998) can also be interpreted as resulting
from reduced inhibition (Hasher, Stoltzfus, Zacks, & Rypma,
1991). Most relevant in the present context is a study by Zacks et

! This analysis focuses on a situation where new information is pre-
sented for a short time and probed within seconds, as in typical short-term
and working-memory experiments. With longer times to learn, it might be
possible to link contents to contexts by associations in long-terrn memory.
As a consequence, the capacity limit of the focus of attention should not
limit recollection in long-term recognition tasks in the same way as it does
in the Sternberg task.
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al. (1996, Experiment 3). They compared young and old adults
with a modified Sternberg paradigm. In an experiment using words
as material, they found disproportionally larger intrusion effects
for old than for young adults, compatible with the assumption that
older adults could not reduce the activation of the irrelevant list as
efficiently as could the younger adults.

All of these findings suggest that older aduits have difficulties
with the deactivation of irrelevant information in long-term mem-
ory. They do not speak directly to the issue of whether older adults
have problems with clearing irrelevant material in the focus of
attention. If Cowan (1995) is correct and only the focus of atten-
tion is capacity limited, this might be the more important issue
with respect to an explanation of older adult’s reduced working
memory capacity. Zacks et al. (1996) observed no setsize effect of
the irrelevant set on reaction times of both younger and older
adults, but in their task, as in Neumann and DeSchepper’s (1992),
the time course of intentional forgetting could not be observed, so
that it is not known whether older adults are slower in removing
irrelevant contents from the focus. The second goal of the present
experiments, therefore, was to test the hypothesis that older adults
are slower or less successful, or both, in (a) deactivating irrelevant
representations in long-term memory and (b) clearing the focus of
attention from irrelevant material.

Experiment 1

The first experiment tested young and old adults with the
modified Sternberg task. Two memory lists were presented simul-
taneously, and a cue preceding the probe indicated which list
would be relevant for the recognition test. The CSI that separated
the probe from the cue varied in six steps from 100 ms to 5 s. I
expected that the short CSIs would not leave sufficient time to
remove the irrelevant list from the focus of attention, so that it
would still draw on the limited capacity of working memory. As a
consequence, the setsize of the irrelevant list, like the setsize of the
relevant list, would affect reaction times. With longer CSIs, I
hypothesized that the irrelevant list would already be excluded
from the focus of attention when the probe appeared. The irrele-
vant setsize effect would then be very small or absent. If older
adults are impaired in the efficiency of removing the irrelevant list
from the focus of attention, they should show a larger irrelevant
setsize effect or show irrelevant setsize effects at longer CSIs than
should the young adults.

In addition, I expected slower responses to intrusion trials than
to true negative trials (i.e., an intrusion effect). The reduction of
the intrusion effect with increasing CSIs should reflect the speed
with which activation of no-longer-relevant representations in
long-term memory is reduced, either by passive decay or by active
inhibition. If the irrelevant setsize effect and the intrusion effect
follow different time courses, this would provide evidence for a
distinction between the focus of attention and the activation of
information in long-term memory. In addition, if older adults are
less efficient in deactivating representations in long-term memory,
they should show proportionally larger intrusion effects than
should young adults.

Method

Participants. A total of 24 young adults (M age = 19.1 years,
SD = 1.90; 9 men and 15 women) and 24 older adults (M age = 70.3,

SD = 3.17; 12 men and 12 women) were recruited from the Potsdam
participant pool. The older participants had less formal education (young:
11.7 years, old: 10.0 years), #(46) = 3.32. Young adults scored higher on
the Digit Symbol Substitution test, #(46) = 8.76, but there was no signif-
icant difference on a vocabulary test, #(46) = —.71. Thus, the present
sample was comparable in cognitive status with samples usually reported
in the aging literature.

Design and procedure. There were four within-subjects factors: The
setsizes of the two memory lists were varied orthogonally, each list
comprising either one or three words. There were three probetypes; 50% of
the probes were positive (i.e., they were members of the relevant list), 25%
were true negative, and 25% were intrusion probes. Finally, the CSI was
varied over six steps: 100; 300; 600; 1,000; 2,500; and 5,000 ms. The CSI
was fixed within each block. The other three factors were varied within
blocks in a random order. Thus, there were six blocks corresponding to the
six CSIs, each one comprising 64 test trials preceded by 12 practice trials.
A seventh block consisted of control trials; both lists were displayed in
white, and participants were instructed that throughout the block the probe
must be compared with both lists. The control block, thus, was comparable
with the standard Sternberg task (Sternberg, 1969). Order of the seven
blocks was counterbalanced over participants.

Each trial started with the simultaneous presentation of the two memory
lists. The list elements were selected at random without replacement from
a pool of 270 common German one- or two-syllable nouns. Thus, no word
was repeated as part of a memory list within a block. Negative probes were
selected at random with replacement from the same pool, so that negative
probes hardly ever occurred as list elements or probes in recent trials. The
lists were displayed in separate rows centered in the upper half of a
computer screen; the top row was blue and the bottom row was red. The
presentation time was 1.3 s times the total number of words in the two lists.
A small rectangular frame was displayed in the middle of the screen 800
ms after the memory lists disappeared. The frame was either red or blue
and indicated the color of the relevant list. After the CSI, the probe
appeared inside the frame in the same color. Participants gave their
response by pressing either the right or the left arrow key on the computer
keyboard; feedback was given by a high tone for correct responses and a
low tone for incorrect responses.

Results

To eliminate outliers, reaction times exceeding the individual’s
mean within a block by more than 3 SDs were set to the mean
plus 3 SDs. One older adult had extraordinarily long reaction times
in a whole block (CSI = 1,000 ms). The data of this participant
were excluded from the analyses.

All reaction times were log-transformed for the statistical anal-
yses to move into a proportional measurement space. This is
important because in cognitive aging research general proportional
slowing of older compared with younger adults must be taken as a
baseline model (cf. Cerella, 1985; Kliegl, Mayr, & Krampe, 1994).
Proportional slowing effects reduce to additive effects of task
conditions and aging when reaction times are log-transformed.
Specific age deficits that go beyond proportional slowing can then
be detected as Age X Condition interactions in the log-
transformed reaction times.

Reaction times for correct responses were analyzed by univar-
iate analysis of variance (ANOVA), with Relevant Setsize (2),
Irrelevant Setsize (2), Probetype (3), CSI (6), and Age (2) as
factors. The control condition was not included in this analysis.
The significant effects are summarized in Table 1. Several inter-
actions involving the Age factor were significant with the log-
transformed, but not with the untransformed data. This indicates
that an experimental factor had an effect in the older group that
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Young (El)-old (El)

Young (El)-young (E2)

Young (E2)-old (E1)

F(df) MSE F(df) MSE F(df) MSE
Group 114.3 (1, 45) 2.31 34.7(1, 44) 5.51 ns
CSI 35.7 (5, 225) 0.18 22.8 (5, 220) 0.25 15.9 (5, 215) 0.28
Relevant setsize 706.6 (1, 45) 0.07 476.1 (1, 44) 0.09 330.3 (1, 43) 0.11
Relevant Setsize X Group 8.2%(1, 45) 0.07 9.6° (1,44) 0.09 ns
Irrelevant Setsize 26.1 (1, 45) 0.02 36.5 (1, 44) 0.05 3.3(1,43) 0.05
Irrelevant Setsize X Group ns 6.0 (1,44) 0.05 6.0 (1,43) 0.05
Probetype 285.5 (2,90) 0.08 258.6 (2, 88) 0.07 241.8 (2, 86) 0.11
Probetype X Group 15.9 (2, 90) 0.08 17.6 (2, 88) 0.07 4.4 (2, 86) 0.11
Probetype X CSI 7.9 (10, 450) 0.03 8.9 (10, 440) 0.02 4.6 (10, 430) 0.03
Probetype X Relevant Setsize 47.1 (2, 90) 0.03 76.1 (2, 88) 0.02 35.4 (2, 86) 0.03
Probetype X Relevant Setsize X Group 5.4% (2, 90) 0.03 ns ns
Probetype X Irrelevant Setsize ns 3.3(2,88) 0.02 ns
Relevant Setsize X CSI 18.8 (5, 225) 0.02 15 (5, 220) 0.02 9.1 (5, 215) 0.03
Irrelevant Setsize X CSI 4.6 (5,225) 0.02 8.8 (5, 220) 0.02 2.3 (5, 215) 0.02
Irrelevant Setsize X CSI X Group 3.12(5, 225) 0.02 ns ns
Relevant Setsize X Irrelevant Setsize 16.6 (1, 45) 0.02 ns ns
Relevant Setsize X Irrelevant Setsize X Group ns 9.4 (1,44) 0.02 15 (1,43) 0.03
Relevant Setsize X Probetype X CSI 4.2 (10, 450) 0.02 3.8 (10, 440) 0.02 3.8 (10, 430) 0.02
Irrelevant Setsize X Probetype X CSI 3.8 (10, 450) 0.01 3.32 (10, 440) 0.02 ns

Note. Data from 2 young participants in E2 were excluded due to empty design cells. ANOVAs = univariate analyses of variance; E1 = Experiment 1;

E2 = Experiment 2; CSI = cue-stimulus interval.
? The interaction was not significant with untransformed reaction times.

was less than could be expected from the effect in the young group,
multiplied by a proportional slowing factor. Instead, the effect was
of about equal size on an untransformed time scale. Most of these
findings are not related to the hypotheses, and I will not discuss
them further.

Setsize effects. Relevant setsize had a strong effect on reaction
times. Its interaction with age resulted from setsize effects of older
adults being smaller than can be expected from proportional slow-
ing (mean reaction times over all experimental conditions were
697 ms for young and 1,236 ms for older adults, corresponding to
an old-young ratio of 1.77. Mean relevant setsize effects were 181
ms for young and 249 ms for older adults, the ratio being
only 1.38). This observation is consistent with a meta-analysis by
Sliwinski and Hall (1998), who found old-young ratios close to
one for slopes in the Sternberg recognition task. The relevant
setsize effect also interacted with CSI; this curvilinear interaction
is displayed in Figure 1.

Irrelevant setsize had a weaker, but still highly significant main
effect, which depended on CSI. As displayed in Figure 1, both
young and older adults showed an irrelevant setsize effect only for
the short CSls.

Irrelevant setsize interacted with relevant setsize. Irrelevant
setsize had a very small effect in combination with a relevant
setsize of one (mean over conditions and age groups = 2 ms) and
a much stronger effect when relevant setsize was three (M = 45
ms).

To make the theoretically most interesting effects transparent,
mean reaction times are displayed in Table 2, broken down by CSI
as well as relevant and irrelevant setsize. Statistical tests on setsize
effects within each age group and condition were computed with
untransformed reaction times, because setsize effects in the Stern-
berg task are usually tested as linear effects on reaction times. As
expected, significant effects of relevant setsize were observed

throughout all conditions for both age groups. The effects of
irrelevant setsize were significant in the young group for CSIs up
to 600 ms (in the control condition, the so-called irrelevant setsize
was also relevant). For older adults, the irrelevant setsize effect
was significant only at the shortest CSI. As can be seen in Figure 1,
both young and older adults’ irrelevant setsize effects were virtu-
ally zero for CSls larger than 600 ms, maybe with one exception:
Older adults showed a marginally significant effect of irrelevant
setsize at a CSI of 2.5 s, #(22) = 2.07, p = .051. Inasmuch as the
irrelevant setsize effects of the two neighboring CSI conditions
were around zero, I see no reason to regard this as a systematic
deviation from the general pattern.

To summarize, both young and older adults reduced the irrele-
vant setsize effect to a nonsignificant level for CSIs longer than
600 ms. Thus, there was no evidence for an age difference in this
indicator for removal of irrelevant information from working
memory. This is also shown by the fact that the three-way inter-
action of irrelevant setsize, CSI, and age was significant in the
analysis of log-transformed reaction times, but not in the analysis
of untransformed reaction times, F(5, 225) = 1.5. As mentioned
above, this means that the change of the irrelevant setsize effect
over increasing CSls is equivalent for young and older adults when
measured on an absolute time scale; on a log scale this translates
into an even faster decline of irrelevant setsize effects in old than
in young adults. The results on irrelevant setsize are generally
consistent with Zacks et al. (1996, Experiment 3), who found no
effect of irrelevant setsize for young and older adults several
seconds after a list was declared as irrelevant.

Intrusion effects. The significant effect of probetype was due
to the fact that intrusion probes were reacted to much slower than
both positive and negative probes. The intrusion effect (i.e., the
difference of intrusion probes and negative probes) was dispro-
portionally larger in older adults compared with young adults
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Figure 1. Differences of reaction times to Setsize 3 and Setsize 1 (setsize

effects) for relevant and irrelevant lists, plotted over six cue—stimulus
intervals. Top panel: Young adults in Experiment 1. Middle panel: Old
adults in Experiment 1. Bottom panel: Young adults in Experiment 2. Error
bars represent two standard errors. Exp. = Experiment.

(mean intrusion effects over all CSIs were 147 ms for young and
416 ms for older adults, yielding an old—young ratio of 2.83). This
replicates the finding of Zacks et al. (1996) with the modified
Sternberg task. As can be seen from Figure 2, intrusion effects
were larger when the relevant setsize was three, and they gradually
became smaller with longer CSIs, in particular for small relevant
setsizes (for Relevant Setsize 1, intrusion effects dropped from 390
ms at the shortest CSI to 183 ms at the longest; for Relevant
Setsize 3 the drop was from 419 to 272 ms). Nonetheless, the
intrusion effect was still highly significant for both age groups and
both setsizes at a CSI of 5 s, minimum #23) = 3.2, p = .004.
To summarize, intrusion effects were much longer lived than
irrelevant setsize effects, as can be seen in the reliable slowing of
reactions to intrusion probes even 5 s after a cue to forget one list.
Moreover, older adults showed clear signs of a specific problem

with the fast rejection of intrusion probes, as evidenced by their
disproportionate intrusion effects. In contrast, there were no age
differences in the irrelevant setsize effect.

Comparison with the control condition. The data from the
modified Sternberg task differed in several ways from those in the
control condition that realized the standard Sternberg task. The
reaction times in the experimental conditions with CSI = 100 ms
were larger, F(1, 45) = 100.4, MSE = 0.09, and they were still
larger with a CSI of 5 s, but only for the old adults, F(1,
45) = 4.88, MSE = 0.11, for the main effect of condition, and F(1,
45) = 5.2, MSE = 0.11 for the interaction with age. This is
remarkable, because in the experimental condition the setsize of
the relevant list was one or three words, whereas in the control
condition, the combined setsizes of the two lists were two, four, or
six words. It is obvious that even 5 s after a cue indicating to forget
one of the two lists, participants did not turn the task into some-
thing equivalent to a standard Sternberg recognition task with the
remaining relevant set. This is also shown by the fact that the
relevant setsize effect in the experimental condition was much
larger than in the control condition, F(1, 45) = 474,
MSE = 0.014, for the Condition X Relevant Setsize interaction.

Errors. Overall error rate was low and did not differ between
age groups (young: 5.3%, old: 5.6%). The ANOVA reported for
the experimental reaction times above was repeated with percent-
age correct as dependent variable.

The effects of the experimental factors were generally small (4
percentage points maximum), with one exception: There was a
large difference in error rates between negative probes (1.7%) and
intrusion probes (9.3%), with positive probes in between (5.3%),
resulting in a highly significant effect of probetype, F(2,
90) = 60.3, MSE = 0.027. The probetype effect interacted with
relevant setsize, F(2, 90) = 28.0, MSE = 0.014; the intrusion
effect was 11% for large relevant setsizes, but only 4% for small
ones. The probetype effect did not interact with age.

All significant effects in the error data pointed in the same
direction as those observed in the reaction time analysis, again
with one exception: An interaction of irrelevant setsize with age
was observed, so that the effect of irrelevant setsize on error rate
was larger in old adults (3.0%) than in young adults (0.3%), F(1,
45) = 11.1, MSE = 0.014. This was the case regardless of CSI, so
it did not precisely trade-off with the tendency of older adults to
show smaller irrelevant setsize effects on reaction times at short
CSIs.

Discussion

Two main findings emerged from the present study: First, irrel-
evant setsize effects on reaction times were diminished to a non-
significant level for CSIs of 1 s or more, for both young and older
adults. Second, intrusion effects were observed for all CSIs up to
5 s, although with a diminishing trend over increased CSlIs, and
they were disproportionally larger in old than in young adults.

I propose to interpret these resuits as follows: The dynamics of
the irrelevant setsize effect mirror the efficiency with which people
can focus their attention on one of the two lists in working
memory. This implies that the irrelevant set is removed from the
focal part of working memory within about 1 s. Young and older
adults do not differ in the speed of this process. The Age X
Irrelevant Setsize interaction on error rates, however, could be a
hint that older aduits did succeed slightly less well in eliminating
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Table 2

Mean Reaction Times (in ms) by Relevant and Irrelevant Setsize in Experiments 1 and 2

CSI Relevant Setsize 1 Relevant Setsize 3 t (diff) Irrelevant Setsize 1 Irrelevant Setsize 3 t (diff)

Young (Experiment 1)

Control 590 (100) 633 (96) 4.8%* 591 (89) 633 (103) 8.4%%
100 787 (166) 923 (166) 5.8%% 809 (136) 901 (181) 5.5%*
300 657 (169) 831 (187) 9.6** 724 (160) 764 (190) 3.0%%
600 553 (121) 777 (180) 12.4%* 651 (146) 679 (152) 2.4*

1,000 520 (90) 729 (141) 13.0%* 619 (106) 630 (122) 0.1

2,500 539 (90) 725 (142) 12.5%+* 636 (109) 628 (122) 0.8

5,000 581 (107) 739 (138) 12.4%* 666 (119) 654 (124) 0.1

Old (Experiment 1)

Control 883 (206) 1,012 (236) 9.9% 904 (200) 991 (246) 4.7%%
100 1,331 (338) 1,518 (427) 4.4%* 1,391 (371) 1,458 (385) 2.3*
300 1,235 (311) 1,449 (272) 8.7%* 1,344 (330) 1,340 (256) 0.2
600 1,060 (318) 1,335 (347) 8.3%* 1,173 (293) 1,223 (367) 0.2

1,000 966 (211) 1,278 (261) 12.1** 1,113 (241) 1,131 (226) 1.0

2,500 1,001 (273) 1,282 (354) 6.7** 1,119 (303) 1,163 (305) 2.1

5,000 1,076 (314) 1,299 (355) 5.9%* 1,180 (331) 1,196 (325) 0.7

Young, with recall demand (Experiment 2)

Control 917 (306) 980 (298) 4 4% 916 (307) 981 (299) 3. 7%
100 1,269 (463) 1,457 (550) 5.2%% 1,294 (501) 1,433 (515) 3.9%x
300 1,155 (428) 1,350 (463) 5.7%* 1,225 (437) 1,279 (453) 0.2
600 1,060 (456) 1,309 (496) 7.4%% 1,126 (429) 1,242 (518) 3.8%*

1,000 1,047 (472) 1,260 (459) 6.2%* 1,119 (444) 1,186 (480) 2.6

2,500 944 (362) 1,162 (362) 7.4%* 1,045 (346) 1,061 (374) 0.7

5,000 1,098 (443) 1,273 (376) 5.0%* 1,161 (391) 1,211 (420) 2.2%

Note. Cell entries are mean reaction times with standard deviations in parenthesis. For all values, df = 23, except for Old (Experiment 1) where df = 22.
CSI = cue-stimulus interval; diff = difference of Relevant Setsizes 1 and 3.

*p <.05. **p< .0l

the irrelevant set completely from focal working memory. The
intrusion effects, on the other hand, show that the representations
of elements in the irrelevant set are still activated above baseline.
The activation of these elements is reduced only slowly, as shown
by the substantial intrusion effects even after S s. This is consistent
with working memory models that distinguish between a focus of
attention in which information is entered and removed quickly, and
an activated part of long-term memory in which activation is
reduced only slowly. The lasting effect of a familiarity signal that
is occasionally misleading could also explain why the reaction
times in the modified Sternberg task are longer than in the standard
task (i.e., the control condition). Although in the standard task
many decisions can be based on the fast estimation of familiarity,
in the modified task a high level of accuracy can be reached only
by waiting for the slower accumulating evidence from the recol-
lection process. This is so even 5 s after the cue, because the
familiarity signal still can be a misleading one coming from an
irrelevant list item.

The present data do not speak directly to the issue of whether
activation of irrelevant information decays passively or is actively
inhibited. Consistent with an active inhibition account as proposed
by Zacks et al. (1996) is the finding that older adults show
disproportionally larger intrusion effects than do young adults.
This does not rule out the passive-decay hypothesis, but as there is
no theoretical rationale for assuming slower decay in old as com-
pared with young adults, the active inhibition account seems the

more plausible one (see also Jonides, Smith, Marshuetz, Koeppe,
& Reuter-Lorenz, 1998, for evidence from brain imaging support-
ing an active inhibition account).

Both indicators of inhibition, the irrelevant setsize effect and the
intrusion effect, depended on the size of the relevant list. The
irrelevant setsize effect was substantial only when relevant setsize
was three, and intrusion effects (most notably on error rate) were
more pronounced for the larger relevant setsize. There are at least
two potential interpretations for this finding. One could assume
that inhibitory functions depend on the same cognitive resource as
the retention of relevant material in working memory (Engle,
Conway, Tuholski, & Shisler, 1995). A larger relevant list in
memory would then take away more from this resource, leaving
less for efficient inhibition.

A second explanation could be that inhibition depends on list
discrimination; one cannot exclude an element from focal attention
or deactivate it in long-term memory when it is not clear which
element is irrelevant. It can be assumed that longer lists are more
difficult to discriminate, because there are more potential pairwise
confusions among single elements. The present data cannot dis-
criminate between these two accounts. Conway and Engle (1994)
tested participants with low and high working-memory capacity on
a speeded recognition task involving several lists in long-term
memory, only one of which was cued as relevant for each trial. The
two capacity groups differed in their slopes over setsize only when
the two lists were difficult to discriminate because of overlapping
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Figure 2. Reaction times by probetype, for Relevant Setsizes 1 and 3,
young and old adults (Experiment 1).

list elements. This could mean that the conjunction of low capacity
and low discriminability leads to a particular difficulty of exclud-
ing an irrelevant list.

The problem of list discrimination also offers a second potential
explanation for the age effect on intrusion costs. Distinguishing
between probes from the relevant and the irrelevant list is essen-
tially a source-memory task, and older adults are known to have
particular deficits in source memory (e.g., Emegrund, Mintyla, &
Nilsson, 1996; Kliegl & Lindenberger, 1993; Spencer & Raz,
1995). It could be that older adults suffer larger intrusion costs not
because they cannot dampen the activation of irrelevant represen-
tations, but because they cannot retrieve the list context (i.e., the
source) of the probe word quickly. Such an account does not seem
very plausible, however, in light of the fact that older adults are
very successful in selectively removing the irrelevant list from the
focus of attention, thereby effectively discriminating the two lists.
I will come back to the issue of list discrimination in the discussion
of Experiment 2.

Experiment 2

If intrusion effects arise from residual activation of no-longer-
relevant elements in memory, then it should be possible to vary
their size by manipulating the degree of activation for the elements
of the irrelevant list. This was the goal of Experiment 2. A group
of young adults worked on the modified Sternberg task with words

as materials, with the additional requirement to memorize both
lists until after the recognition part of a trial. Thus, the cue could
not be taken as a signal to forget the irrelevant list. Instead,
participants had to exclude the irrelevant list from the recognition
process, but retain it in working memory nonetheless. I assumed
that this is done by keeping the activation of all list elements at a
high level, whereas only the relevant list needs to be in the focus
of working memory during the recognition part of the task. Thus,
intrusion effects are predicted to be larger, compared with the
baseline condition without additional retention requirement. Fur-
thermore, higher activation of irrelevant list elements in long-term
memory does not necessarily prevent exclusion of this list from the
focus of working memory. Therefore, I wished to explore whether
the memory manipulation of the present experiment also affected
the dynamics of the irrelevant setsize effect.

The design of Experiment 2 mirrored exactly that of Experi-
ment 1, so that it can be compared directly with both age groups
in the previous experiment. Therefore, Experiment 2 can be
thought of as an attempt to simulate the effects of aging in younger
adults by a manipulation that reproduces the hypothesized effect of
an inhibition deficit in old age. I expected that when young adults
are not allowed to forget the irrelevant list, they will show dispro-
portionate intrusion effects as did the old adults in Experiment 1.

Method

Participants. Participants were 24 psychology students from the Uni-
versity of Potsdam (M age = 23.8 years, SD = 3.32; all were women).
Compared with the young participants in Experiment 1, they were older,
#46) = 5.94, and had more years of formal education, 46) = 7.94,
because they had already studied at a university for 1 or 2 years. The two
young groups did not differ in Digit Symbol Substitution and vocabulary
scores, #(46) < .50. Compared with the old adults in Experiment 1, the new
group again had more years of formal education, H46) = 8.67, as well as
higher scores on the Digit Symbol Substitution test, #46) = 7.88. There
was no difference on the vocabulary score, #(46) = 0.26. Thus, although
the two young samples are not equivalent in all respects, they did not differ
in their overall cognitive status, as measured by Digit Symbol Substitution
and vocabulary. Moreover, with respect to all biographical parameters the
new group of young aduits stood in the same relation to the oider adults as
did the participants in Experiments 1.

Design and procedure. The experimental design and the task were
exactly the same as in Experiment 1, with the exceptions that there was
only one age group and the task included a secondary demand. Participants
were instructed to keep both lists in memory, regardless of the cue given
for the recognition part of the task. After the participant reacted to the
recognition probe, an empty frame appeared at each location of a word
from the two memory lists on the screen, and one of the frames was
selected for retrieval at random from both lists. The retrieval request was
signaled by a question mark in the respective frame. The participant had to
type the first two letters of the required word. After a brief display of the
word “right” or “wrong,” the next trial began.

Results

The reaction time data were treated as in Experiment 1, and two
ANOVAs were computed with Group (2), Relevant Setsize (2),
Irrelevant Setsize (2), CSI (6), and Probetype (3) as factors. One
analysis compared the new group of young participants with the
young group of Experiment 1, the other compared the new young
group with the old group of Experiment 1. The significant effects
of these two ANOVAs are summarized in Table 1. As can be
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expected, most of the effects of within-subjects factors observed in
Experiment 1 were again significant in the present analyses. I
comment only on the new results arising from the group
comparisons.

Setsize effects. Young adults in Experiment 2 (with require-
ment to recall one word) were about 500 ms slower overall than
young adults in Experiment 1 (without recall), thereby reaching the
speed level of the older adults. The relative setsize effects of all
three groups were equivalent on an absolute time scale. Irrelevant
setsize effects, however, were proportionally larger in the young
group with recall than in both groups from Experiment 1, as shown
by the significant interaction of irrelevant setsize and group in both
ANOVAs. Young adults with a recall requirement did not consis-
tently reduce the irrelevant setsize to a nonsignificant level for
even the longest CSI (see Figure 1, bottom panel, and Table 2).
Nonetheless, the irrelevant setsize effect became smaller with
longer CSIs in Experiment 2 as well, F(5, 105) = 2.59, MSE =
0.02, for the interaction of irrelevant setsize and CSI in this group
alone. The interaction of relevant and irrelevant setsize observed in
Experiment 1 was not present in the new data, resulting in an
interaction of the two setsize factors with group in both analyses
(see Table 1).

Intrusion effects. As predicted, intrusion effects were dispro-
portionally larger in Experiment 2, compared with the young group
of Experiment 1, as indicated by the significant Probetype X
Group interaction in the middle column of Table 1. When recall of
one list element was required, intrusion trials were 375 ms (37%)
slower than negative trials, whereas the intrusion effect was only
147 ms (23%) without the recall requirement. The intrusion effect
of young adults with recall requirement was equivalent to that of
older adults without such a requirement (417 ms = 39%). Figure
3 shows that the development of intrusion costs over increasing
CSIs was remarkably similar for the older adults in Experiment 1
and the young adults in the present experiment. The significant
Probetype X Group interaction in the young—old comparison was
due to a larger advantage of negative, compared with positive
probe reaction times in the young group of Experiment 2 (young
with recall: 132 ms or 12% over all CSlIs; old: 46 ms or 4%).

Errors. Accuracy in the word-retrieval task was high (93%)
and did not vary with condition. Accuracy in the recognition task
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Figure 3. Intrusion costs (reaction time differences of intrusion trials and
negative trials) for young and old adults in Experiment 1 and young adults
in Experiment 2.

was also high (95%). In an ANOVA, with CSI, Relevant Setsize,
Irrelevant Setsize, and Probetype as factors, there were main
effects of Relevant Setsize, F(1, 23) = 20.6, MSE = 0.012, and of
Probetype, F(2, 46) = 439, MSE = 0.022, together with an
interaction of these two factors, F(2, 46) = 5.93. Error rate was
highest for the intrusion trials and lowest for the negative trials;
when the relevant set was large, error rate was higher overall, and
the probetype differences were increased. Thus, all of the effects
observed in error rates are in accordance with those found with
reaction times.

Discussion

Asking young adults to recall one word after the recognition
task had a dramatic impact on the reaction times in the modified
Sternberg task. First, overall latencies increased by several hun-
dred milliseconds, both in the control task and in the experimental
tasks. Second, there was a disproportionate increase in the intru-
sion effect, which was comparable in size with that of the older
adults in Experiment 1. Third, the irrelevant setsize effect was
considerably larger overall than in both groups of Experiment 1,
mainly due to the fact that it was not consistently reduced to zero
over the range of CSIs tested.

In several aspects, the present experiment yielded a very suc-
cessful age simulation of the results from Experiment 1. Young
adults with an added recall requirement were equivalent to older
adults in overall reaction time and in the size of the intrusion
effects. But there was one noticeable difference as well: The young
group of Experiment 2 showed longer lasting irrelevant setsize
effects.

The comparison of the young group of Experiment 2 with the
older adults from Experiment ! thus lends further support to the
dissociation of the two indicators of inhibition; the retention re-
quirement had the same effect as aging on the intrusion costs, but
a quite different effect on the slope of RTs over irrelevant setsize.
This rules out an alternative explanation of Experiment 1: Intru-
sion effects and irrelevant setsize effects might reflect the same
underlying variable (e.g., memory activation), but the irrelevant
setsize effect is less sensitive to a change in this variable (e.g., an
increase with age). Experiment 2 shows that the irrelevant setsize
effect is sensitive to a manipulation that affects intrusion effects in
the same way as aging does.

I conclude that the two dependent variables in fact reflect two
different parameters of memory: The presence of irrelevant items
in the focus of attention and their activation in long-term memory.
Only the latter is affected by age. The requirement to remember the
irrelevant list, in contrast, affects both parameters; the irrelevant
list is not deactivated in long-term memory, and it cannot be
removed completely from the focus of attention. Therefore, the
presence of the irrelevant list is evident in both indicators of
inhibition even 5 s after the cue.

The alternative explanation that large intrusion costs arise from
problems with list discrimination is less likely in Experiment 2.
There is no obvious reason why young adults in Experiment 2
should have had more difficulties discriminating the two lists than
should the young adults in Experiment 1. If we assume that the
disproportional intrusion costs of older adults stem from the same
source as those observed for young adults in Experiment 2, this
would make an account of the age effects in terms of discrim-
inability or source memory deficits unplausible. The simplest
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explanation for the present data is that older adults in Experi-
ment 1, as well as young adults in Experiment 2, showed increased
intrusion costs because they could not deactivate the irrelevant set.

General Discussion
Summary of Findings

Two indicators for the removal of irrelevant material from
working memory could be identified by the present experiments:
(a) An effect of irrelevant setsize on reaction times was observed
at short CSIs (up to 600 ms). When the irrelevant list could be
forgotten (as in Experiment 1), the irrelevant setsize effect largely
disappeared with longer CSls. There was no age difference in the
size of the irrelevant setsize effect, nor in the time course of its
reduction with increasing CSIs. An additional memory load, how-
ever, increased irrelevant setsize effects in young adults in Exper-
iment 2. (b) There were large intrusion costs that declined with
increasing CSI, but were still substantial even 5 s after the cue. The
intrusion costs were larger with longer relevant sets. Intrusion
costs were disproportionately larger in older than in young adults.
With the additional requirement to remember the irrelevant mem-
ory list until after the recognition probe, young adults showed
intrusion costs as large as those of older adults without the reten-
tion requirement.

Dual-Process Models of Recognition and the Structure of
Working Memory

The results of the present experiments are consistent with a
segmentation of working memory into a focus of attention and a
more peripheral region of activated representations in long-term
memory (Anderson & Lebiere, 1998; Cowan, 1995). This model
can be linked with dual-process models of recognition (e.g., At-
kinson et al., 1974; Hintzman, Caulton, & Levitin, 1998; Mandler,
1980; Yonelinas, 1994). These models postulate that recognition is
based on a mixture of familiarity based processes and recollection.
I propose that a familiarity signal is built from a parallel match of
the probe with all elements that are activated above baseline in
long-term memory, the strength of the signal being a function of
the probe’s similarity to the memory elements and the activation
level of the latter. Recollection, on the other hand, requires that a
memory episode is retrieved that links a content element (e.g., a
word) to a spatio—temporal context. The focus of attention is
needed to bind content and context representations together.
Therefore, recollection is a capacity-limited process based on
information in the focus of attention.

I assume that in the modified Sternberg task, participants first
hold both lists within the focus of attention. When the probe
appears shortly after the cue, a correct response can be given on
this basis, because the focus of attention binds each word to its list
context. The response time, however, will depend on the load on
the capacity of the focus, which depends on the setsizes of both
lists. About 1 s after the cue, the irrelevant list is removed from the
focus, whereas the relevant list is still held in the focus. A probe appear-
ing after a longer CSI will be compared for recollection only with
the relevant list, so that only the relevant setsize affects latency.

Alternatively, we could assume that the words from both lists
are remembered in the activated part of long-term memory, and
only a tag or list cue associated with them is held in the focus.”

‘When the probe appears, the relevant set, but not the irrelevant set,
will be retrieved into the focus for comparison. With short CSIs the
tagging process is not completed, so that selective retrieval of the
relevant set is imperfect and parts of the irrelevant list also enter
the focus. This would generate an effect of irrelevant setsize
besides the relevant setsize effect at short CSIs. The tagging
account seems less plausible in light of Experiment 2. If both list
elements are kept in long-term memory and associated with a tag
or cue that indicates to which list they belong, then it should be
possible to compare the probe exclusively with the relevant set,
even though both sets must be kept in memory for later recail. The
tagging account offers no good explanation for the larger irrelevant
setsize effects in Experiment 2, compared with Experiment 1.

1 assume that the two sources of evidence, the familiarity signal
and the outcome of the recollection process, feed into a common
accumulator. Evidence for a positive or a negative response is
accumulated until a response criterion is met (Ratcliff, 1978). In
case of a negative or a positive trial, the familiarity signal and the
outcome of recollection provide consistent evidence, but there is a
conflict in case of an intrusion trial. Reactions to intrusion probes
are slowed, because the recollection process must override the
misleading evidence from the familiarity process (cf. McElree &
Dosher, 1989). The longer it takes to retrieve an episode that
provides relevant evidence, the more false familiarity evidence
will have accumulated. Thus, every factor that slows recollection
will increase the intrusion cost.

A larger relevant setsize is such a factor; therefore, intrusion
effects can be expected to be larger when the relevant list is long,
which was the case in both experiments. Old age, as well as the
added requirement to remember both memory lists, could also be
factors that slow down the recollection process, thereby leading to
increased intrusion costs. Reduced capacity of focal attention,
however, should also lead to an increase in (relevant) setsize
effects, which was not the case for older adults compared with the
young group in Experiment 1, nor for the young participants in
Experiment 2. Therefore, an explanation of the group differences
in intrusion costs along this line is not fully convincing.

A second factor that will have an impact on intrusion costs is the
degree of activation of the irrelevant list elements in long-term
memory. With higher activation, these memory elements will con-
tribute to a stronger familiarity signal in case of a match with the
probe. The evidence from the present experiments is compatible
with the idea that older adults are less able than young adults to
deactivate irrelevant material in long-term memory. Likewise, the
young adults in Experiment 2 were not allowed to deactivate the
irrelevant list. In both cases, the relatively high activation of
irrelevant information could have generated strong evidence for a
positive response, which took long to be overridden by
recollection.

To conclude, the present experiments provide strong evidence
for a dissociation between a central component of working mem-
ory (the focus of attention) and the activated part of long-term
memory. Irrelevant information can quickly be removed from the
focus, but it takes much longer to reduce their activation in
long-term memory. The dissociation is supported by a differential
sensitivity of the two processes to aging. Older adults have specific

2 This account was suggested by Nelson Cowan, as well as one anony-
mous reviewer.
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difficulties rejecting intrusions from irrelevant information in
long-term memory, in accordance with Zacks et al. (1996). At the
same time, there was no evidence that older adults are less efficient
than young adults in removing irrelevant information from the
focus of attention. Moreover, there was little evidence that the
efficiency with which the probe is compared with the relevant list
(i.e., the recollection process in the model proposed here) is
reduced in old age. It seems that older adults’ working-memory
deficits do not arise from a reduction in general capacity, but from
a decline of specific functions.
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