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Difficulty with memory retrieval is a salient feature of cognitive aging and may be related to a reduction
in the ability to suppress items that compete for retrieval. To test this hypothesis directly, we presented
a series of words for shallow coding that included pairs of orthographically similar words (e.g.,
ALLERGY and ANALOGY). After a delay, participants solved word fragments (e.g., A _ L _ _ GY) that
resembled both words in a pair but could only be completed by one. We measured the consequence of
having successfully resolved competition by having participants read a list of words including the
rejected competitors as quickly as possible. Response time was compared with control conditions that did
not require resolving competition. Older adults showed no evidence of suppression; instead they showed
priming for the competitors, in sharp contrast to strong suppression effects previously observed in
younger adults. Whereas previous studies have provided clear evidence for suppression deficits by
examining the ability to produce targets in high interference situations, here we provide direct evidence
for a suppression deficit by examining the accessibility of rejected competitors.
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Difficulty remembering is one of the most salient features of
cognitive aging (Balota, Dolan, & Ducheck, 2000; Grady & Craik,
2000; Hasher & Zacks, 2006; Light, 1991; Lindenberger & Ghis-
letta, 2009) and understanding the source of these difficulties is a
key goal of both basic and applied research. For young adults,
memory failure is often caused by interference between competing
memories (Anderson & Bower, 1974; Postman & Underwood,
1973; Radvansky, 1999a, 1999b; Underwood, 1957; Underwood
& Postman, 1960). Indeed, interference between competing re-
sponse tendencies is a cause of cognitive failures in many domains
including language processing (Thompson-Schill et al., 2002) and
attention (Mayr, 2002). The inability to resolve interference has
also been linked to a variety of developmental disorders (Linden-
berger, 2008; Nigg, 2000) as well as to individual differences in
fluid intelligence (Burgess, Gray, Conway, & Braver, 2011;
Hasher, Lustig, & Zacks, 2007). It is, therefore, not surprising that

interference has an even greater negative impact on older adults,
suggesting that an inability to resolve interference underlies age
related memory impairments (Campbell, Hasher, & Thomas, 2010;
Hasher & Zacks, 1988; Hulicka, 1967; Ikier & Hasher, 2006; Ikier,
Yang, & Hasher, 2008; Kane, 2002; Logan & Balota, 2003;
Radvansky, Zacks, & Hasher, 2005; Winocur & Moscovitch,
1983). The question is: Why do older adults have trouble resolving
interference?

Many researchers have proposed that the ability to suppress
competing memories, a key interference resolution mechanism in
young adults (Anderson & Spellman, 1995; Bäuml, Pastötter, &
Hanslmayr, 2010; Healey, Campbell, Hasher, & Ossher, 2010;
Norman, Newman, & Detre, 2007; Storm, Bjork, & Bjork, 2007),
becomes impaired with age (Hasher et al., 2007; Hasher & Zacks,
1988; Ikier et al., 2008; Ikier & Hasher, 2006). We directly address
the issue of whether or not there is a suppression deficit in older
adults using a three-phase task that has provided dramatic evidence
of suppression during interference resolution by younger adults
(Healey et al., 2010).

In the interference condition, the potential for interference is
created in Phase 1 (Figure 1, Column B) by presenting a word list
that includes pairs of orthographically similar words (e.g., allergy
and analogy) under the cover of a vowel counting task. Phase 2
creates competition between candidates by presenting a series of
fragments for completion, some of which resemble both words in
a pair (e.g., a _ l _ _ gy), but that can only be completed by a target
word (e.g., allergy) and not by its competitor (e.g., analogy). Phase
3 tested for suppression by measuring how accessible the compet-
itors (e.g., analogy) are after interference resolution using a
speeded naming task, which required participants to read a list of
words, including the critical competitors, as quickly as possible.

Healey, Campbell, Hasher, and Ossher (2010) provided evi-
dence for suppression in young adults by comparing the Phase 3
naming times of competitor words (e.g., analogy) with naming
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times in several control conditions that did not require resolving
interference in Phase 2. In the no-resolution condition (Figure 1,
Column C), both target and competitor words (e.g., allergy/anal-
ogy) are presented in Phase 1, creating the potential for interfer-
ence, but neither word can be used to complete any word frag-
ments in Phase 2. Thus, the Phase 3 data from the no-resolution
condition provides a measure of naming time (or priming) when
the potential for interference is created during Phase 1, but never
resolved in Phase 2. In the no-conflict condition (Figure 1, Column
D), Phase 1 presents competitor words (e.g., analogy) but not the
corresponding targets (e.g., liberty is presented instead of allergy),
providing a measure of priming of the critical competitor word
(e.g., analogy) in the absence of either potential interference at
encoding or conflict resolution at retrieval during fragment com-
pletion. In the baseline condition, participants merely read the
words of Phase 3 with no prior exposure to them. Evidence of
suppression by young adults was reported in Healey et al. and can
be seen in Figure 2: By contrast with the two control conditions
(no-resolution and no-conflict), both of which showed priming of
the competitor relative to baseline (Healey et al., 2010), words in
the interference condition showed no priming. For young adults,
resolving interference entailed suppressing the accessibility of the
competitor words to a pre-exposure baseline.

Here we use the same paradigm and materials to assess the
suppression abilities of older adults. If older adults are able to
suppress competitors, the pattern of naming times in Phase 3
should be similar to the pattern previously reported for younger
adults. By contrast, if older adults do indeed suffer from a sup-
pression deficit, unlike young adults, they should show priming for
competitor words in the critical interference condition.

Method

Participants

Data from 136 older adults are reported. Older adults were
residents of the Toronto area and received monetary compensation.

Demographic information for both the older adults used in the
present analyses and the Healey et al. (2010) younger adult sample
is presented in Table 1. The older adults had significantly more
years of education, t(231) � 8.23, p � .01, and higher vocabulary
scores, t(231) � 13.62, p � .01, than younger adults. There were
no significant effects of condition or condition � age group
interactions for any of the demographic variables in Table 1 (all
p � .1). Participants were randomly assigned to the conditions
outlined in Figure 1.

Figure 1. Comparison of the sequence of events in the four conditions (interference, no-resolution, no-conflict,
and baseline). The top row shows examples of target-competitor pairs presented in Phase 1. The middle row
shows examples of the word fragments to be solved in Phase 2, along with their intended solutions (targets), and
competitors. The bottom row shows examples of the critical words named in Phase 3. Note that there were two
lists of target/competitor pairs (allergy/analogy and liberty/library) and assignment of list to condition was fully
counterbalanced. For clarity the figure shows a single counterbalance condition.

Figure 2. Mean naming times for competitor words by condition in the
Phase 3 naming time task for older versus younger adults. Error bars
represent one standard error of the mean, note that because our analyses
control for new word naming time, the significance of mean differences
cannot be inferred directly from the standard errors. Younger adult data are
from Healey et al. (2010). Note that a 15% winsorizing procedure was used
for both the younger and older adult data reported here and, thus, the
younger adult means differ slightly from those reported in Healey et al.
(2010) where 5% winsorizing was used.
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Materials and Procedure

The materials and procedure used with the older adult sample
were identical in all respects to those used for the younger adult
sample in Healey et al. (2010). For the sake of completeness, we
include full details here.

Phase 1: Encoding. Participants viewed 56 words (presented
one at a time) and reported aloud the number of vowels in each. In
the interference and the no-resolution conditions, the list included
15 target words and 15 competing words. Two lists of target-
competitor pairs were created, each consisting of 15 pairs. Partic-
ipants in the no-conflict condition were shown targets from one list
and competitors from the other list (e.g., rather than allergy/
analogy, a no-conflict target/competitor pair would be liberty/
analogy; see Figure 1, Column D). In these three conditions, items
were presented in the following sequence: three buffer words,
followed by 15 competitor words randomly mixed with 10 filler
words, then 15 target words randomly mixed with 10 fillers, and
finally three buffer words. Words were presented for 1,800 ms
followed by a 1,000-ms interstimulus interval (ISI). Following
Phase 1 there was a 6-min nonverbal filler task. Target words and
competitor words were equated for length and log frequency
(using Hyperspace Analogue to Language frequency norms; Lund
& Burgess, 1996), ts � 1, for both length (target M � 7.14 words;
competitor M � 7.14 words) and frequency (target M � 8.18;
competitor M � 7.85).

Phase 2: Fragment completion. Participants attempted to
solve 36 word fragments including 15 critical fragments (e.g.,
a_l_ _gy) that could be completed only by a target word (e.g.,
allergy). In the interference and no-conflict conditions, the target
words seen in Phase 1 could be used to complete the fragments. In
the no-resolution condition the fragments could not be completed
with a previously seen word. Fragments were presented for 4,500

ms with a 500-ms ISI. Participants responded aloud. The 15
target-word fragments were presented with 15 randomly inter-
spersed filler fragments. Three buffer fragments were presented
both at the beginning and end of the task. Participants were given
no feedback on their accuracy in completing the fragments.

To summarize, in the interference condition, participants solved
word fragments for which they had seen both the correct solution
and an orthographically similar competitor. In the no-resolution
condition participants also saw targets and their competitors in
Phase 1, creating the potential for interference, but none of the
word fragments in Phase 2 required participants to resolve that
interference. In the no-conflict condition, participants solved word
fragments for which they had seen only target words in Phase 1
and, thus, should have experienced little target–competitor inter-
ference.

Phase 3: Naming. Participants read 33 words aloud as quickly
as possible. The list included the competitor item (e.g., analogy) of
each pair that had been primed in Phase 1 (compare the first and
third rows in Figure 1). Words were presented one at a time and
remained on screen until a response was given. A 1,500-ms ISI
separated word presentations. This list began with three buffer
words, followed by the 15 critical words mixed with 15 new
words. Filler words were similar in frequency and length to
the words in the orthographically similar pairs but semantically
and lexically dissimilar. Reaction times were measured with a
voice key.

Baseline condition. Baseline participants completed only the
Phase 3 word-naming task, without completing Phases 1 or 2,
providing a measure of baseline naming speed for the critical
words.

To facilitate comparison with Healey et al., 2010 we report
analyses of data from participants who were unaware of the

Table 1
Demographic Information and Mean Reaction Times (in Milliseconds) for New Words (i.e., Filler Words) in the Phase 3 Naming
Task. Values in Parentheses are Standard Deviations

Condition

Baseline Interference No-resolution No-conflict

Older
Initial n 25 88 45 39
n after awareness exclusions 25 47 38 34
n after valid trial exclusions 25 39 38 34
Age 67.7 (4.7) 69.2 (04.2) 67.9 (5.3) 69.1 (5.4)
Years education 17.2 (3.4) 17.2 (3.8) 15.9 (2.7) 16.0 (4.2)
Vocabulary 37.0 (2.3) 35.8 (3.1) 36.4 (2.6) 35.8 (3.0)
New word RT 595 (71.4) 548 (55.6) 568 (62.6) 590 (71.5)
Younger
Initial n 22 58 28 32
n after awareness exclusions 22 26 24 28
n after valid trial exclusions 22 26 24 28
Age 19.7 (1.9) 19.7 (2.0) 19.4 (1.3) 19.0 (1.6)
Years education 13.6 (1.8) 13.4 (1.6) 13.6 (1.5) 13.1 (1.5)
Vocabulary 31.2 (3.6) 29.5 (3.8) 30.5 (3.5) 30.9 (3.1)
New word RT 570 (52.0) 567 (50.2) 561 (62.6) 552 (56.7)

Note. For comparison purposes with Healey et al. (2010), we excluded any participants who were aware of connections between the phases. In a second
step we excluded any participants with too few valid trials. As noted in the text, including aware participants does not change the outcome of the naming
time analyses. See the text for details on these exclusion criteria. The awareness criterion does not apply to baseline participants as they completed only
Phase 3 and could not be aware of connections between phases. Vocabulary scores are from the Shipley (1946) test. Education information was missing
for three participants and vocabulary information was missing for three participants.
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connections between phases of the study. We stress, however, that
including aware older adults does not change the outcome of any
significance test in the naming time analyses reported below.
Awareness was determined by a series of questions, which pro-
gressed from general (e.g., “Did you notice any connection be-
tween the tasks?”) to specific (e.g., “Did you notice that some
words repeated throughout the tasks?”).

Data Screening

We followed the data processing procedure of Healey et al.
(2010). Naming trials on which the participant failed to read a
critical word or read it incorrectly were excluded from analysis.
For the interference condition, only competitors for which the
participant had correctly solved the corresponding word fragment
during Phase 2 were included in the analyses. Data from partici-
pants with fewer than six usable trials were excluded to ensure
reliable estimates of reaction time (RT). Table 1 shows the exclu-
sion rates across conditions by exclusion criterion. The distribution
of exclusions across conditions for older adults was similar to that
found for the Healey et al. (2010) younger adult sample (i.e., 32 in
the interference condition, four in the no-resolution condition, and
four in the no-conflict condition). The sample size and demo-
graphic information provided above is based only on included
participants.

To reduce the influence of extreme observations, naming times
for critical items were winsorized by 15% within condition. Win-
sorizing is an increasingly common procedure (e.g., Erceg-Hurn &
Mirosevich, 2008; Nee & Jonides, 2009; Van Dyke & McElree,
2011) which reduces the influence of extreme values and ensures
any mean differences represent differences in the body of the
distributions, not the tails. Healey et al. (2010) used the same
trimming procedure but with a highly conservative 5% winsoriz-
ing. Using a 5% trim on the older adult data does not change the
qualitative pattern of results but adds variability due to a larger
number of extremely slow responses by older adults compared
with younger adults making the effects difficult to detect statisti-
cally. Therefore, a 15% winsorization was used for the older adult
data and we reanalyzed the younger adult data with the same 15%
winsorization (which does not change the pattern of results re-
ported by Healey et al. (2010) but does lead to slightly different
means as reported here in Figure 2). We note that even 15%
winsorization is more conservative than the 20% recommended by
some statisticians (Erceg-Hurn & Mirosevich, 2008).

Analyses of covariance (ANCOVAs) were carried out on com-
petitor naming times, with new-word naming times (i.e., filler
words from the Phase 3 naming list) as the covariate to control for
between-subjects variability in naming time. Table 1 shows the
mean RTs for the new words.

Results

Manipulation Check

To establish that older adults fail to suppress when resolving
interference, we first establish that they did indeed experience
interference when solving the fragments. An indirect measure
of interference is the number of fragments correctly completed in
the no-conflict condition (in which participants saw the solution to

critical fragments in Phase 1; Figure 1, Column D) versus the
interference condition (in which participants saw both the correct
solution and the competitor in Phase 1; Figure 1, Column B).
Surprisingly, however, completion rates (Figure 3A) did not differ
between these two conditions for older adults, t(71) � 1.

As a more direct measure of interference, we counted how often
participants used the orthographically related competitors to (in-
accurately) complete fragments (Figure 3B). The Phase 2 row of
Figure 1 shows examples of the competitors for each condition
(note that only in the interference condition are these competitors
actually primed in Phase 1). Confirming that older adults are
highly susceptible to interference, they had higher competitor
intrusion rates than younger adults even in the no-conflict condi-
tion, t(60) � 3.88, p � .001, and the no-resolution condition,
t(60) � 5.17, p � .001, in which the competitors are not explicitly
presented during the experiment. In the interference condition,
older and younger adults experienced similar levels of interfer-
ence, t(63) � 0.53. That is, whereas younger adults only experi-
enced interference if the competitors were primed, older adults
always experienced interference from the competitors. Comparing
interference levels across conditions bolsters this interpretation:
For younger adults the intrusion rate was not different from zero in
either the no-resolution or no-conflict condition (ts � 1), but in the
interference condition the intrusion rate was significantly higher

Figure 3. A. Mean number of fragments correctly solved. B. Mean
competitor intrusion rates for critical fragments. Error bars represent one
standard error of the mean.
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than in either control condition (ts � 8.8). By contrast, older adults
in the interference condition had somewhat higher competitor
intrusion rates than older adults in the no-conflict condition,
t(71) � 2.75 p � .01, but not in the no-resolution condition,
t(75) � 0.60. Using a related paradigm, Logan and Balota (2003)
also found that older, but not younger adults, experienced inter-
ference from competitors that were never explicitly presented (see
also Hamm & Hasher, 1992).

We return to the fragment completion results in the Discussion.
However, for present purposes, the critical finding is that older
adults experienced strong interference in the fragment completion
phase. We turn now to the central question of the article: Do older
adults suppress competitors when resolving the interference during
fragment completion?

Naming Time Analyses

Naming time data from older adults for the critical words are
shown in (see Figure 2); the following analyses control for indi-
vidual differences in new word naming time (see Table 1). In the
no-resolution and no-conflict conditions older adults saw the com-
petitor words during Phase 1 but had no need to suppress them
during the Phase 2 fragment task, leading to priming (i.e., faster
naming times relative to the baseline condition) in Phase 3 for both
the no-resolution, F(1, 59) � 14.5, p � .001, �p

2 � .20, and
no-conflict, F(1, 55) � 10.98, p � .002, �p

2 � .17, conditions.
Older adults in the interference condition also saw the competitors
during Phase 1 but rejected them during interference resolution in
Phase 2. If older adults had used suppression to resolve the
interference, they should show reduced or absent priming for
competitors. However, older adults showed no evidence of sup-
pression: Competitor naming was significantly faster in the inter-
ference condition relative to baseline, F(1, 60) � 30.03, p � .001,
�p

2 � .33. In fact, rather than showing suppression, older adults
were actually faster to name the critical words in the interference
condition than in either the no-conflict, F(1, 69) � 5.46, p � .05,
�p

2 � .07, or the no-resolution conditions, F(1, 73) � 3.75, p �
.06, �p

2 � .05.
By contrast, the younger adults in Healey et al. (2010) showed

clear evidence of suppression: As can be seen in Figure 2, priming
was completely eliminated in the interference condition, indicating
that competitors had been suppressed back to baseline accessibility
during interference resolution. An ANOVA on the combined older
and younger adult data confirmed what is clear from Figure 2:
Condition interacted significantly with age group, F(3, 228) �
4.53, p � .05, �p

2 � .07. Considering only the interference and
baseline conditions there was a significant age � condition inter-
action, F(1, 111) � 7.70, p � .01, �p

2 � .07, indicating that
younger adults showed a greater suppression effect. There was,
however, no age interaction when considering only the control
conditions and baseline, F(2, 170) � 1.13, p � .33, indicating a
lack of age difference in priming for nonsuppressed words. Includ-
ing education and vocabulary scores as covariates does not change
the pattern of age � condition interactions.

Discussion

These data demonstrate a critical difference in how younger and
older adults resolve interference: Younger adults suppress com-

petitors during interference resolution; older adults do not. This
inability to suppress may illuminate one of the most important
questions in cognitive aging research: why older adults have
difficulty retrieving information from memory.

If older adults do have a suppression impairment, competitors
should be more available to them than they are to younger adults.
And that is exactly what we find: Older adults name the compet-
itors more quickly than do the younger adults in Phase 3. Some
readers may wonder why this difference in accessibility was not
detected by the fragment completion task (either in the number of
correct completion or in intrusion rates). The most likely answer is
that naming time is simply a much more sensitive measure than
intrusion rates. Small differences in accessibility may translate to
RT differences without leading to differences in number of overt
intrusions.

Although the present paradigm is implicit in the sense that
participants are not instructed to use information from Phase 1
when solving fragments in Phase 2, the implications are not limited
to implicit tasks. First, the same pattern of results was obtained
when we included in our analyses participants who were explicitly
aware of the connection between phases of the experiment. Sec-
ond, both explicit and implicit memory tests are vulnerable to
interference and show parallel age effects (Ikier & Hasher, 2006;
Ikier et al., 2008; Lustig & Hasher, 2001a, 2001b). Episodic recall
reflects both explicit and implicit influences (cf. Jacoby, 1991),
and neuroimaging data also suggest considerable overlap between
implicit and explicit systems (e.g., Hannula & Greene, 2012).
Therefore, the current finding of impaired suppression may help
explain age differences in explicit recall of episodic details.

Whereas most theories attribute memory deficits to either im-
pairments in encoding mechanisms (e.g., Gazzaley et al., 2008;
Naveh-Benjamin, 2000) or retrieval mechanisms (e.g., Cohn, Em-
rich, & Moscovitch, 2008), an inhibitory theory suggests that both
encoding and retrieval are disrupted by suppression deficits. Fail-
ing to suppress will clearly impair interference resolution at re-
trieval; however, suppression deficits will also have consequences
at encoding (Hasher & Zacks, 1988). When a stimulus is presented
during the encoding phase of a memory task it will automatically
activate a cascade of associated thoughts and memories (Anderson
et al., 2004). Younger adults are likely to use suppression to prune
this cascade to a smaller number of contextually appropriate mem-
ories. But for older adults, these irrelevant thoughts and memories
will remain active, allowing them to become bound to relevant
information in memory (see, e.g., Hamm & Hasher, 1992). As a
result, the memories of older adults will likely be more densely
interconnected than those of young adults, setting the stage for
massive interference at retrieval (Radvansky et al., 2005). That is,
impaired suppression both creates the potential for massive inter-
ference, by allowing indiscriminate binding at encoding, and un-
dermines the ability to resolve that interference, by preventing
suppression of competitors at retrieval. This suggestion fits well
with evidence that older adults form associations between unre-
lated aspects of an episode (Campbell et al., 2010; Naveh-
Benjamin, 2000) and fail to constrain retrieval to contextually
appropriate sources (Healey, Campbell, & Hasher, 2008; Jacoby,
Bishara, Hessels, & Toth, 2005a; Jacoby, Shimizu, Velanova, &
Rhodes, 2005b).

Logan and Balota (2003) have also reported that older adults
experience more interference than younger adults from competi-
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tors in fragment completion. A close comparison of the two sets of
findings reveals an interesting difference. Whereas we found no
age differences in interference from primed competitors (i.e., in the
interference condition), Logan and Balota (Experiments 1 & 2)
found that older adults were more likely than younger adults to
intrude even primed competitors. This apparent discrepancy may
be due to differences in the time between competitor priming and
fragment completion (250 ms in their study vs. several min in the
present study) or to the number of items that intervene between
presentation and test (0 in their study, many in ours). Although
there is clearly room for additional work on mediating variables,
both studies demonstrate that older adults have difficulty dealing
with interference. The present results take the critical next step of
examining the accessibility of the competitors after they have been
rejected, demonstrating that older adults continue to have easy
access to these items and young adults do not: Older adults fail to
suppress the competitors, whereas younger adults do suppress.

Other studies have found that older adults retain access to
information once it is no longer task relevant (for a review see
Healey et al., 2008); however, these studies have not directly
addressed the mechanism responsible for such persistent access. In
particular these earlier studies lacked the no-resolution control
condition of the present study, which allows us to rule out non-
suppression accounts of the age difference in slowing (e.g., Ma-
cLeod, Dodd, Sheard, Wilson, & Bibi, 2003; Tomlinson, Huber,
Rieth, & Davelaar, 2009). Recent work with the retrieval practice
(Ortega, Gómez-Ariza, Román, & Bajo, 2012) and the think/no-
think (Anderson, Reinholz, Kuhl, & Mayr, 2011) paradigms has
also provided evidence that older adults fail to suppress competi-
tors during memory retrieval. However, both paradigms have been
the subject of controversy in the literature, with reports of nonrep-
lications (Bulevich, Roediger, Balota, & Butler, 2006; Williams &
Zacks, 2001) amid reports of replications (for a review see Storm
& Levy, 2012), apparent failures of key predictions (Jakab &
Raaijmakers, 2009; Raaijmakers & Jakab, 2011), and alternative,
noninhibitory, accounts (MacLeod et al., 2003; Tomlinson, Huber,
Rieth, & Davelaar, 2009). The present results may help to circum-
vent these issues by using a very different paradigm, with a highly
sensitive RT-based measure of suppression to provide converging
evidence of suppression by younger adults and impaired suppres-
sion in older adults.

If older adults fail to suppress, how do they resolve interference?
One possibility is that older adults rely on a deliberate postretrieval
checking procedure that does not require inhibition, similar to the
“recall-to-reject” (Gallo, Bell, Beier, & Schacter, 2006) and gen-
erate/recognize (Bahrick, 1970) notions of memory monitoring.
On the fragment completion task used here, older adults may
generate a candidate response, check if it fits the fragment, and
produce it only if it fits. Such a strategy would only be effective on
tasks that provide a clear criterion, such as a word fragment,
against which to check candidate responses. This suggestion is
consistent with evidence that older adults tend to be most impaired
on memory tests that provide few external cues, such as free recall,
and show better performance on tests such as recognition and cued
recall that provide strong cues (Craik, 1994; Craik & McDowd,
1987). Recently developed procedures for detecting strategy dif-
ferences among younger adults (Healey & Kahana, 2013) may
prove useful in determining if older and younger adults do indeed
employ different interference resolution strategies.

Conclusion

There is considerable evidence that older adults have particular
difficulty on tasks that involve distraction or interference (Camp-
bell et al., 2010; Healey et al., 2008) and that this susceptibility
contributes to age-related memory deficits (Gazzaley, Cooney,
Rissman, & D’Esposito, 2005; May, Hasher, & Kane, 1999; Rowe,
Hasher, & Turcotte, 2008). There is less evidence, however, of an
age-related deficit specifically in inhibition of competitors. Here
we provide direct evidence that older adults have impaired inhib-
itory mechanisms by showing that, unlike younger adults, older
adults do not suppress competitors during interference resolution.

References

Anderson, J. R., Bothell, D., Byrne, M. D., Douglass, S., Lebiere, C., &
Qin, Y. (2004). An Integrated Theory of the Mind. Psychological
Review, 111, 1036–1060. doi:10.1037/0033-295X.111.4.1036

Anderson, J. R., & Bower, G. H. (1974). Interference in memory for
multiple contexts. Memory & Cognition, 2, 509–514. doi:10.3758/
BF03196913

Anderson, M. C., Reinholz, J., Kuhl, B. A., & Mayr, U. (2011). Intentional
suppression of unwanted memories grows more difficult as we age.
Psychology and Aging, 26, 397–405. doi:10.1037/a0022505

Anderson, M. C., & Spellman, B. A. (1995). On the status of inhibitory
mechanisms in cognition: Memory retrieval as a model case. Psycho-
logical Review, 102, 68–100. doi:10.1037/0033-295X.102.1.68

Bahrick, H. P. (1970). Two-phase model for prompted recall. Psycholog-
ical Review, 77, 215–222. doi:10.1037/h0029099

Balota, D. A., Dolan, P. O., & Ducheck, J. M. (2000). Memory changes in
healthy young and older adults. In E. Tulving & F. I. M. Craik (Eds.),
The Oxford handbook of memory (pp. 395–410). New York, NY:
Oxford University Press.

Bäuml, K-H., Pastötter, B., & Hanslmayr, S. (2010). Binding and inhibition
in episodic memory-Cognitive, emotional, and neural processes. Neuro-
science and Biobehavioral Reviews, 34, 1047–1054. doi:10.1016/j
.neubiorev.2009.04.005

Bulevich, J. B., Roediger, H., Balota, D., & Butler, A. (2006). Failures to
find suppression of episodic memories in the think/no-think paradigm.
Memory & Cognition, 34, 1569–1577. doi:10.3758/BF03195920

Burgess, G. C., Gray, J. R., Conway, A. R. A., & Braver, T. S. (2011).
Neural mechanisms of interference control underlie the relationship
between fluid intelligence and working memory span. Journal of Ex-
perimental Psychology: General, 140, 674–692. doi:10.1037/a0024695

Campbell, K. L., Hasher, L., & Thomas, R. C. (2010). Hyper-binding: A
unique age effect. Psychological Science, 21, 399–405. doi:10.1177/
0956797609359910

Cohn, M., Emrich, S. M., & Moscovitch, M. (2008). Age-related deficits in
associative memory: The influence of impaired strategic retrieval. Psy-
chology and Aging, 23, 93–103. doi:10.1037/0882-7974.23.1.93

Craik, F. I. M. (1994). Memory changes in normal aging. Current Direc-
tions in Psychological Science, 3, 155–158. doi:10.1111/1467-8721
.ep10770653

Craik, F. I. M., & McDowd, J. M. (1987). Age differences in recall and
recognition. Journal of Experimental Psychology: Learning, Memory,
and Cognition, 13, 474–479. doi:10.1037/0278-7393.13.3.474

Erceg-Hurn, D. M., & Mirosevich, V. M. (2008). Modern robust statistical
methods: An easy way to maximize the accuracy and power of your
research. American Psychologist, 63, 591–601. doi:10.1037/0003-066X
.63.7.591

Gallo, D. A., Bell, D. M., Beier, J. S., & Schacter, D. L. (2006). Two types
of recollection-based monitoring in younger and older adults: Recall-to-
reject and the distinctiveness heuristic. Memory, 14, 730–741. doi:
10.1080/09658210600648506

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

726 HEALEY, HASHER, AND CAMPBELL

http://dx.doi.org/10.1037/0033-295X.111.4.1036
http://dx.doi.org/10.3758/BF03196913
http://dx.doi.org/10.3758/BF03196913
http://dx.doi.org/10.1037/a0022505
http://dx.doi.org/10.1037/0033-295X.102.1.68
http://dx.doi.org/10.1037/h0029099
http://dx.doi.org/10.1016/j.neubiorev.2009.04.005
http://dx.doi.org/10.1016/j.neubiorev.2009.04.005
http://dx.doi.org/10.3758/BF03195920
http://dx.doi.org/10.1037/a0024695
http://dx.doi.org/10.1177/0956797609359910
http://dx.doi.org/10.1177/0956797609359910
http://dx.doi.org/10.1037/0882-7974.23.1.93
http://dx.doi.org/10.1111/1467-8721.ep10770653
http://dx.doi.org/10.1111/1467-8721.ep10770653
http://dx.doi.org/10.1037/0278-7393.13.3.474
http://dx.doi.org/10.1037/0003-066X.63.7.591
http://dx.doi.org/10.1037/0003-066X.63.7.591
http://dx.doi.org/10.1080/09658210600648506
http://dx.doi.org/10.1080/09658210600648506


Gazzaley, A., Clapp, W., Kelley, J., McEvoy, K., Knight, R., &
D’Esposito, M. (2008). Age-related top-down suppression deficit in the
early stages of cortical visual memory processing. Proceedings of the
National Academy of Sciences of The United States of America, 105,
13122–13126. doi:10.1073/pnas.0806074105

Gazzaley, A., Cooney, J. W., Rissman, J., & D’Esposito, M. (2005).
Top-down suppression deficit underlies working memory impairment in
normal aging. Nature Neuroscience, 8, 1298–1300. doi:10.1038/nn1543

Grady, C. L., & Craik, F. I. (2000). Changes in memory processing with
age. Current Opinion in Neurobiology, 10, 224–231. doi:10.1016/
S0959-4388(00)00073-8

Hamm, V. P., & Hasher, L. (1992). Age and the availability of inferences.
Psychology and Aging, 7, 56–64. doi:10.1037/0882-7974.7.1.56

Hannula, D. E., & Greene, A. J. (2012). The hippocampus reevaluated in
unconscious learning and memory: At a tipping point? Frontiers in
Human Neuroscience, 6, 1–20.

Hasher, L., Lustig, C., & Zacks, R. (2007). Inhibitory mechanisms and the
control of attention. In A. Conway, C. Jarrold, M. Kane, A. Miyake, &
J. Towse (Eds.), Variation in working memory (pp. 227–249). New
York, NY: Oxford University Press.

Hasher, L., & Zacks, R. T. (1988). Working memory, comprehension, and
aging: A review and a new view. In G. H. Bower (Ed.), The psychology
of learning and motivation (Vol. 22, pp. 193–225). New York, NY:
Academic Press. doi:10.1016/S0079-7421(08)60041-9

Hasher, L., & Zacks, R. T. (2006). Aging and long term memory: Deficits
are not Inevitable. In E. Bialystok & F. I. M. Craik (Eds.), Lifespan
cognition: Mechanisms of change (pp. 162–177). New York, NY: Ox-
ford University Press.

Healey, M. K., Campbell, K., & Hasher, L. (2008). Cognitive aging and
increased distractibility: Costs and potential benefits. In W. S. Sossin,
J. C. Lacaille, V. F. Castellucci, & S. Belleville (Eds.), Progress in brain
research (Vol. 169, pp. 353–363). Amsterdam, The Netherlands:
Elsevier. doi:10.1016/S0079-6123(07)00022-2

Healey, M. K., Campbell, K. L., Hasher, L., & Ossher, L. (2010). Direct
evidence for the role of inhibition in resolving interference in memory.
Psychological science: A journal of the American Psychological Society,
21, 1464–1470. doi:10.1177/0956797610382120

Healey, M. K., & Kahana, M. J. (2013). Is memory search governed by
universal principles or idiosyncratic strategies? Manuscript submitted
for publication.

Hulicka, I. (1967). Age differences in retention as a function of interfer-
ence. Journals of Gerontology, 22, 180–184. doi:10.1093/geronj/22.2
.180

Ikier, S., & Hasher, L. (2006). Age differences in implicit interference. The
Journals of Gerontology, 61, 278–284.

Ikier, S., Yang, L., & Hasher, L. (2008). Implicit proactive interference,
age, and automatic versus controlled retrieval strategies. Psychological
Science, 19, 456–461. doi:10.1111/j.1467-9280.2008.02109.x

Jacoby, L. L. (1991). A process dissociation framework: Separating auto-
matic from intentional uses of memory. Journal of Memory and Lan-
guage, 30, 513–541. doi:10.1016/0749-596X(91)90025-F

Jacoby, L. L., Bishara, A. J., Hessels, S., & Toth, J. P. (2005a). Aging,
subjective experience, and cognitive control: Dramatic false remember-
ing by older adults. Journal of Experimental Psychology: General, 134,
131–148. doi:10.1037/0096-3445.134.2.131

Jacoby, L. L., Shimizu, Y., Velanova, K., & Rhodes, M. G. (2005b). Age
differences in depth of retrieval: Memory for foils. Journal of Memory
and Language, 52, 493–504. doi:10.1016/j.jml.2005.01.007

Jakab, E., & Raaijmakers, J. (2009). The role of item strength in retrieval-
induced forgetting. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 35, 607–617. doi:10.1037/a0015264

Kane, M. J. (2002). Interference. In G. Maddox (Ed.), Encyclopedia of
aging (pp. 514–516). New York, NY: Springer.

Light, L. L. (1991). Memory and aging: Four hypotheses in search of data.
Annual Review of Psychology, 42, 333–376. doi:10.1146/annurev.ps.42
.020191.002001

Lindenberger, U. (2008). Age-related decline in brain resources magnifies
genetic effects on cognitive functioning. Frontiers in Neuroscience, 2,
234–244. doi:10.3389/neuro.01.039.2008

Lindenberger, U., & Ghisletta, P. (2009). Cognitive and sensory declines in
old age: Gauging the evidence for a common cause. Psychology and
Aging, 24(1), 1–16. doi:10.1037/a0014986

Logan, J. M., & Balota, D. A. (2003). Conscious and unconscious lexical
retrieval blocking in younger and older adults. Psychology and Aging,
18, 537–550. doi:10.1037/0882-7974.18.3.537

Lund, K., & Burgess, C. (1996). Producing high-dimensional semantic
spaces from lexical co-occurrence. Behavior Research Methods, Instru-
mentation, and Computers, 28, 203–208. doi:10.3758/BF03204766

Lustig, C., & Hasher, L. (2001a). Implicit memory is not immune to
interference. Psychological Bulletin, 127, 618–628. doi:10.1037/0033-
2909.127.5.618

Lustig, C., & Hasher, L. (2001b). Implicit memory is vulnerable to pro-
active interference. Psychological Science, 12, 408–412. doi:10.1111/
1467-9280.00375

MacLeod, C., Dodd, M., Sheard, E., Wilson, D., & Bibi, U. (2003). In
opposition to inhibition. The Psychology of Learning and Motivation:
Advances in Research and Theory, 43, 163–214.

May, C. P., Hasher, L., & Kane, M. J. (1999). The role of interference in
memory span. Memory & Cognition, 27, 759 –767. doi:10.3758/
BF03198529

Mayr, U. (2002). Inhibition of action rules. Psychonomic Bulletin &
Review, 9, 93–99. doi:10.3758/BF03196261

Naveh-Benjamin, M. (2000). Adult age differences in memory perfor-
mance: Tests of an associative deficit hypothesis. Journal of Experimen-
tal Psychology: Learning, Memory, and Cognition, 26, 1170–1187.
doi:10.1037/0278-7393.26.5.1170

Nee, D., & Jonides, J. (2009). Common and distinct neural correlates of
perceptual and memorial selection. NeuroImage, 45, 963–975. doi:
10.1016/j.neuroimage.2009.01.005

Nigg, J. T. (2000). On inhibition/disinhibition in developmental psycho-
pathology: Views from cognitive and personality psychology and a
working inhibition taxonomy. Psychological Bulletin, 126, 220–246.
doi:10.1037/0033-2909.126.2.220

Norman, K. A., Newman, E. L., & Detre, G. (2007). A neural network
model of retrieval-induced forgetting. Psychological Review, 114, 887–
953. doi:10.1037/0033-295X.114.4.887

Ortega, A., Gómez-Ariza, C. J., Román, P., & Bajo, M. T. (2012). Memory
inhibition, aging, and the executive deficit hypothesis. Journal of Ex-
perimental Psychology: Learning, Memory, and Cognition, 38, 178–
186. doi:10.1037/a0024510

Postman, L., & Underwood, B. J. (1973). Critical issues in interference
theory. Memory & Cognition, 1, 19–40. doi:10.3758/BF03198064

Raaijmakers, J. G. W., & Jakab, E. (2012). Retrieval-induced forgetting
without competition: Testing the retrieval specificity assumption of the
inhibition theory. Memory & Cognition, 40, 19 –27. doi:10.3758/
s13421-011-0131-y

Radvansky, G. A. (1999a). The fan effect: A tale of two theories. Journal
of Experimental Psychology: General, 128, 198–206. doi:10.1037/0096-
3445.128.2.198

Radvansky, G. A. (1999b). Memory retrieval and suppression: The inhi-
bition of situation models. Journal of Experimental Psychology: Gen-
eral, 128, 563–579. doi:10.1037/0096-3445.128.4.563

Radvansky, G. A., Zacks, R., & Hasher, L. (2005). Age and inhibition: The
retrieval of situation models. Journals of Gerontology Series
B-Psychological Sciences and Social Sciences, 60B, P276–P278. doi:
10.1093/geronb/60.5.P276

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

727AGING AND SUPPRESSION

http://dx.doi.org/10.1073/pnas.0806074105
http://dx.doi.org/10.1038/nn1543
http://dx.doi.org/10.1016/S0959-4388%2800%2900073-8
http://dx.doi.org/10.1016/S0959-4388%2800%2900073-8
http://dx.doi.org/10.1037/0882-7974.7.1.56
http://dx.doi.org/10.1016/S0079-7421%2808%2960041-9
http://dx.doi.org/10.1016/S0079-6123%2807%2900022-2
http://dx.doi.org/10.1177/0956797610382120
http://dx.doi.org/10.1093/geronj/22.2.180
http://dx.doi.org/10.1093/geronj/22.2.180
http://dx.doi.org/10.1111/j.1467-9280.2008.02109.x
http://dx.doi.org/10.1016/0749-596X%2891%2990025-F
http://dx.doi.org/10.1037/0096-3445.134.2.131
http://dx.doi.org/10.1016/j.jml.2005.01.007
http://dx.doi.org/10.1037/a0015264
http://dx.doi.org/10.1146/annurev.ps.42.020191.002001
http://dx.doi.org/10.1146/annurev.ps.42.020191.002001
http://dx.doi.org/10.3389/neuro.01.039.2008
http://dx.doi.org/10.1037/a0014986
http://dx.doi.org/10.1037/0882-7974.18.3.537
http://dx.doi.org/10.3758/BF03204766
http://dx.doi.org/10.1037/0033-2909.127.5.618
http://dx.doi.org/10.1037/0033-2909.127.5.618
http://dx.doi.org/10.1111/1467-9280.00375
http://dx.doi.org/10.1111/1467-9280.00375
http://dx.doi.org/10.3758/BF03198529
http://dx.doi.org/10.3758/BF03198529
http://dx.doi.org/10.3758/BF03196261
http://dx.doi.org/10.1037/0278-7393.26.5.1170
http://dx.doi.org/10.1016/j.neuroimage.2009.01.005
http://dx.doi.org/10.1016/j.neuroimage.2009.01.005
http://dx.doi.org/10.1037/0033-2909.126.2.220
http://dx.doi.org/10.1037/0033-295X.114.4.887
http://dx.doi.org/10.1037/a0024510
http://dx.doi.org/10.3758/BF03198064
http://dx.doi.org/10.3758/s13421-011-0131-y
http://dx.doi.org/10.3758/s13421-011-0131-y
http://dx.doi.org/10.1037/0096-3445.128.2.198
http://dx.doi.org/10.1037/0096-3445.128.2.198
http://dx.doi.org/10.1037/0096-3445.128.4.563
http://dx.doi.org/10.1093/geronb/60.5.P276
http://dx.doi.org/10.1093/geronb/60.5.P276


Rowe, G., Hasher, L., & Turcotte, J. (2008). Age differences in visuospa-
tial working memory. Psychology and Aging, 23, 79–84. doi:10.1037/
0882-7974.23.1.79

Storm, B. C., Bjork, E. L., & Bjork, R. A. (2007). When intended remember-
ing leads to unintended forgetting. The Quarterly Journal of Experimental
Psychology, 60, 909–915. doi:10.1080/17470210701288706

Storm, B. C., & Levy, B. J. (2012). A progress report on the inhibitory
account of retrieval-induced forgetting. Memory & Cognition, 40, 827–
843. doi:10.3758/s13421-012-0211-7

Thompson-Schill, S. L., Jonides, J., Marshuetz, C., Smith, E. E.,
D’Esposito, M., Kan, I. P., . . . Swick, D. (2002). Effects of frontal lobe
damage on interference effects in working memory. Cognitive, Affective
& Behavioral Neuroscience, 2, 109–120. doi:10.3758/CABN.2.2.109

Tomlinson, T. D., Huber, D. E., Rieth, C. A., & Davelaar, E. J. (2009). An
interference account of cue-independent forgetting in the no-think par-
adigm. Proceedings of the National Academy of Sciences of The United
States of America, 106, 15588–15593. doi:10.1073/pnas.0813370106

Underwood, B. J. (1957). Interference and forgetting. Psychological Re-
view, 64, 49–60. doi:10.1037/h0044616

Underwood, B. J., & Postman, L. (1960). Extraexperimental sources of
interference in forgetting. Psychological Review, 67, 73–95. doi:
10.1037/h0041865

Van Dyke, J. A., & McElree, B. (2011). Cue-dependent interference in
comprehension. Journal of Memory and Language, 65, 247–263. doi:
10.1016/j.jml.2011.05.002

Williams, C., & Zacks, R. (2001). Is retrieval-induced forgetting an inhib-
itory process? The American Journal of Psychology, 114, 329–354.
doi:10.2307/1423685

Winocur, G., & Moscovitch, M. (1983). Paired-associate learning in insti-
tutionalized and noninstitutionalized old people: An analysis of inter-
ference and context effects. Journal of Gerontology, 38, 455–464.
doi:10.1093/geronj/38.4.455

Received July 24, 2012
Revision received March 6, 2013

Accepted March 11, 2013 �

Call for Nominations

The Publications and Communications (P&C) Board of the American Psychological Association
has opened nominations for the editorships of History of Psychology; Journal of Family Psy-
chology; Journal of Personality and Social Psychology: Personality Processes and Individual
Differences; Psychological Assessment; Psychological Review; International Journal of Stress
Management; and Personality Disorders: Theory, Research, and Treatment for the years
2016–2021. Wade Pickren, PhD, Nadine Kaslow, PhD, Laura King, PhD, Cecil Reynolds, PhD,
John Anderson, PhD, Sharon Glazer, PhD, and Carl Lejuez, PhD, respectively, are the incumbent
editors.

Candidates should be members of APA and should be available to start receiving manuscripts in
early 2015 to prepare for issues published in 2016. Please note that the P&C Board encourages
participation by members of underrepresented groups in the publication process and would partic-
ularly welcome such nominees. Self-nominations are also encouraged.

Search chairs have been appointed as follows:

● History of Psychology, David Dunning, PhD
● Journal of Family Psychology, Patricia Bauer, PhD, and Suzanne Corkin, PhD
● JPSP: Personality Processes and Individual Differences, Jennifer Crocker, PhD
● Psychological Assessment, Norman Abeles, PhD
● Psychological Review, Neal Schmitt, PhD
● International Journal of Stress Management, Neal Schmitt, PhD
● Personality Disorders: Theory, Research, and Treatment, Kate Hays, PhD, and Jennifer

Crocker, PhD

Candidates should be nominated by accessing APA’s EditorQuest site on the Web. Using your
Web browser, go to http://editorquest.apa.org. On the Home menu on the left, find “Guests.” Next,
click on the link “Submit a Nomination,” enter your nominee’s information, and click “Submit.”

Prepared statements of one page or less in support of a nominee can also be submitted by e-mail
to Sarah Wiederkehr, P&C Board Search Liaison, at swiederkehr@apa.org.

Deadline for accepting nominations is January 11, 2014, when reviews will begin.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

728 HEALEY, HASHER, AND CAMPBELL

http://dx.doi.org/10.1037/0882-7974.23.1.79
http://dx.doi.org/10.1037/0882-7974.23.1.79
http://dx.doi.org/10.1080/17470210701288706
http://dx.doi.org/10.3758/s13421-012-0211-7
http://dx.doi.org/10.3758/CABN.2.2.109
http://dx.doi.org/10.1073/pnas.0813370106
http://dx.doi.org/10.1037/h0044616
http://dx.doi.org/10.1037/h0041865
http://dx.doi.org/10.1037/h0041865
http://dx.doi.org/10.1016/j.jml.2011.05.002
http://dx.doi.org/10.1016/j.jml.2011.05.002
http://dx.doi.org/10.2307/1423685
http://dx.doi.org/10.1093/geronj/38.4.455

	The Role of Suppression in Resolving Interference: Evidence for an Age-Related Deficit
	Method
	Participants
	Materials and Procedure
	Phase 1: Encoding
	Phase 2: Fragment completion
	Phase 3: Naming
	Baseline condition

	Data Screening

	Results
	Manipulation Check
	Naming Time Analyses

	Discussion
	Conclusion
	References


