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Healthy aging is accompanied by de-
clines in control of attention.

These reductions in the control of atten-
tion, result in older adults processing
too much information, creating cluttered
memory representations.

Cluttered representations can impair
memory by interfering with the retrieval
of target information, but can also pro-
Declines in episodicmemory in older adults are typically attributed to differences
in encoding strategies and/or retrieval processes. These views omit a critical fac-
tor in age-related memory differences: the nature of the representations that
are formed. Here, we review evidence that older adults create more cluttered
(or richer) representations of events than do younger adults. These cluttered
representations might include target information along with recently activated
but no-longer-relevant information, prior knowledge cued by the ongoing situation,
as well as irrelevant information in the current environment. Although these
representations can interfere with the retrieval of target information, they can
also support other memory-dependent cognitive functions.
vide an advantage on tasks that benefit
from extensive knowledge.
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Older adults store too much information
Wisdom and knowledge, cognitive functions that surely depend on being able to access and use
memory, grow into old age [1–4]. Yet, the literature on memory shows that intentional, episodic
memory declines with age [5–9]. How are we to account for this paradox [10]? To do so, we
need to understand three aspects of memory differences associated with aging, two of which
have received extensive investigation: age differences in memory encoding [11–13] and in
retrieval [14–19]. A third aspect, differences in the contents of memory representations, has
received relatively little empirical attention. Here, we argue that this aspect is central to a full
understanding of age differences in memory and memory-related cognitive functions.

We propose that, relative to younger adults, healthy older adults (typically between 60 and
85 years of age) process and store too much information, the result of reductions in cognitive
control or inhibitory mechanisms. When efficient, these mechanisms enable a focus on target
or goal-relevant information to the exclusion (or suppression) of irrelevant information (Box 1)
[20–23]. Due to poor control (or reduced efficiency), themnemonic representations of older adults
can include: (i) recently activated but no-longer-relevant information; (ii) task-unrelated thoughts
and/or prior knowledge elicited by the target information; and/or (iii) task-irrelevant information
cued by the immediate environment. This information is then automatically bound together with
target information [11,21], creating cluttered memory representations that contain more informa-
tion than do those of younger adults (Figure 1, Key figure). While some of these additional elements
(e.g., cued prior knowledge or previously relevant information) might also be present in thememory
representations of younger adults [24,25], their activation and links to target information might be
attenuated or suppressed relative to older adults (i.e., younger adults’ representations largely com-
prise, and reflect a focus on, target information) [26–30]. Despite this, there is evidence that older
adults’ memory for target information (items and associations), as tested using implicit
measures, does not differ from that of younger adults [15,16,31,32]. Accordingly, we argue that
older and younger adults’memories contain similar target features, but that older adults’memories
contain more non-target features and, thus, are cluttered with excessive information.
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Box 1. Inhibitory mechanisms shape mnemonic representations

The notion of cluttered memory representations has its roots in Inhibitory Theory [21–23]. According to this theory, attention is
subserved by the component processes of excitation and inhibition. Excitation is automatic and does not change with age. By
contrast, inhibition is a controlled process by which goal-relevant information is selected from among activated representations
by downregulating irrelevant information. Unlike excitation, inhibition shows significant age-related declines. Inhibitory Theory
further proposes that inhibition relies on threemajor functions (access, deletion, and restraint), which together govern individuals’
mental workspace and, consequently, cognitive patterns. Critically, reductions in the efficiency of these functions with old age
result in mnemonic representations that aremore cluttered than those of younger adults and, in consequence, pose challenges
for retrieval. First, the access function regulates how much information is initially activated in response to cues. Inefficiencies in
that function enable more information (both relevant and irrelevant) to be processed, allowing for a greater spread of activation
of related thoughts/representations. As a result, older adults’ memories may contain both irrelevant information (that passed
through a ‘leaky’ attentional filter) and an over-representation of prior knowledge or semantically related thoughts. Second,
the deletion function enables the suppression of no-longer-relevant information, as when a task or goal is changed. As this
function declines, older adults tend to show sustained activation and maintenance of previously activated information in
memory. Finally, the restraint function supports attentional selection by regulating competing responses in action and thought.
In older adults, reductions in restraint, along with an overabundance of information in memory, hamper the ability to resolve
competition necessary for the retrieval of target information. Together, these age-related changes in inhibitory functions likely
shape the memory representations of older adults and can account for differences in memory performance. Lastly, inefficien-
cies in inhibitory functions likely vary among individuals and have also been seen in, and might similarly impact the representa-
tions of children (see [127] for evidence that children’s memories contain non-target features).

Trends in Cognitive Sciences
Althoughwe use the term ‘cluttered’ to capture the nature of older adults’memory representations,
they could also be described as ‘enriched’, ‘elaborated’, or ‘overloaded’. While these representa-
tions pose a challenge for retrieving target information from within the clutter and set the stage for
age differences in memory patterns, there might also be treasure in the clutter that can support
other memory-dependent cognitive functions. In other words, the clutter of irrelevant information
Key figure
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Figure 1. (A) Relative to younger adults, whose memory representations predominantly contain relevant or targe
information, older adults’ memories are cluttered with no-longer-relevant information that was never suppressed, prio
knowledge representations cued by the target information, and irrelevant or distracting information from the curren
environment. Some of these elements might also be contained in the memory representations of younger adults, but, as
pictured here, are less strongly activated and only weakly linked to target information. The additional information
represented in older adults’ memory representations can pose problems for retrieval of target information and (positively
impact other memory-dependent functions. (B) The cluttered nature of older adults’ memory representations can be
attributed to reduced inhibitory or cognitive control with age. Specifically, older adults show reduced suppression and/o
deletion of information that is no longer relevant to the present task. Relative to younger adults, they also have difficulty
suppressing, or controlling the spread of, prior knowledge that is cued by the incoming stimulus. Finally, older adults show
increased encoding and binding of task-irrelevant information to simultaneously presented task-relevant target information
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might interfere with targetmemory retrieval in one context, but might also provide surprising advan-
tages in other tasks or contexts that benefit from extraneous knowledge. In these latter situations,
the term ‘enriched’might be a more appropriate descriptor of older adults’ representations than is
cluttered. Whatever the term, both behavioral and neuroimaging evidence suggests that the
contents of memory representations contain more information for older than for younger adults.
As will be seen, this excessive information stems from previously relevant information, from general
knowledge, and from the current environment, some or all of which become bound together with
targets and so have a large role in the mental lives of older adults.

Reduced suppression of previously relevant information in memory
Behavioral evidence
Mnemonic representations can be flexibly updated or modified, a process that relies on cognitive
control mechanisms and typically entails deleting or suppressing no-longer-relevant information
to prioritize currently relevant information. Several tasks demonstrate efficient updating in
young adults. For example, in directed forgetting paradigms, participants are first presented
with items to study and then are instructed to remember or forget some of the items. Young
adults show suppression of to-be-forgotten (TBF) items, as evidenced by poor recall (and few
intrusions) of TBF relative to be-remembered (TBR) items and intact memory for TBR relative to
control items (i.e., no interference from TBF items) [26]. Similarly, in retrieval-induced forgetting
paradigms, in which target information needs to be recalled at the expense of competing, related
items, young adults show impaired recall of competing items relative to baseline controls [27,33].
Neuroimaging studies indicate that these effects are associated with increased activity in brain
regions implicated in cognitive control, such as lateral frontal and parietal regions, suggesting
that memory updating depends on cognitive control mechanisms [34–37].

In older adults, growing evidence shows reduced suppression of no-longer-relevant information
relative to younger adults along with maintained access to that information. For example,
older adults show reduced directed forgetting [38,39] and also reduced retrieval-induced
forgetting [40]. Indeed, several studies indicate that older adults in fact show increased
accessibility of rejected/no-longer-relevant items in memory. For example, unlike younger
adults, older adults show priming of words that should have been previously suppressed
to resolve competition [28,41]. Older adults are also more likely than younger adults to complete
new, unfinished sentences with previously rejected words relative to normative completion
probabilities [42].

Age-related reduced suppression is also seen in paradigms that specifically measure task
disengagement or cross-task bleeding. For example, in classic task-switching paradigms,
which require alternating between task rules based on instructions (e.g., classifying object shapes
versus color), older adults show greater switching costs than do younger adults [43]. These
increased age-related costs are typically interpreted as a reduced ability to maintain different
task-set instructions and flexibly update those instructions due to control deficits. These abilities
have been shown to be highly correlated with inhibition/suppression [44], consistent with the view
that age-related reduced suppression of no-longer-relevant instructions negatively impacts
performance. Similarly, older adults are more likely than younger adults to spontaneously retrieve
irrelevant instructions from a previous different task (an effect correlated with inhibitory functioning),
resulting in slower performance and increased error rates on the new task ([45,46]; see also [47] for
evidence of age-related cross-task bleeding from an upcoming task). Finally, older adults’ poor
performance on working memory tasks, often thought to result from capacity limits [48], can in-
stead be attributed to increased proactive interference from previous, unsuppressed trial items
[49,50] (see ‘Retrieval difficulties’ for more details). Therefore, reduced suppression of information
Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3 257
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from the past (the deletion function of Inhibitory Theory [23]) is a critical component of older adults’
cluttered memory representations.

Neural evidence
Recent neuroimaging studies directly test for age differences in neural activation of no-longer-
relevant information. In one study [51], older and younger adults performed a delayed recognition
task, in which they were initially presented with images from two different categories (e.g., faces
and scenes), and then informed which category would be tested (rendering items in the other
category irrelevant). Using multivoxel pattern analysis, age differences in the neural activation of
images from the relevant and no-longer-relevant categories (measured through accuracy/
performance of a classifier trained to distinguish between the categories) were assessed during
a 10-s delay. There were no whole-brain age differences in activation of images from the cued,
relevant category. However, older adults showed higher activation (i.e., better classification
performance) of images from the no-longer relevant category, despite their irrelevance to the
recognition test. The most prominent differences were seen in medial temporal lobe and hippo-
campal regions, structures involved in forming links between encoded items [52,53], suggesting
that relevant and irrelevant images were bound together in memory.

In another study [54], older and younger adults incidentally encoded words superimposed on
different background scenes, with the word–image pair presented in one of three locations on
the screen. During retrieval, participants were required to remember either the location or the
background scene image for words rated as old. Neural measures of scene reinstatement
were examined during both retrieval tasks. Consistent with findings of age-related sustained
activation and reduced suppression of previously relevant information, older adults showed
scene reinstatement irrespective of task demands (i.e., scenes were reinstated even when they
were no longer relevant in the location task). By contrast, younger adults showed evidence of
retrieval gating. Together, these findings suggest that, relative to young adults, older adults are
more likely to maintain access to recent but no-longer-relevant information in memory and re-
trieve that information, along with target information. This is consistent with the proposal that
the memory representations of older adults are more cluttered than those of young adults.

Over-representation of prior knowledge in memory
Prior knowledge shapes memory patterns in older adults
Further contributing to clutter in older adults’ memories is a lifetime of accumulated knowledge,
which research suggests is over-represented in activated memories. Indeed, growing evidence
indicates that, across a range of tasks, older adults rely more heavily on established forms of
knowledge to support performance than do younger adults [2,3,55–57]. This increased reliance
likely stems from greater knowledge in older relative to young adults, as well as a reduced ability to
suppress or control activation of that knowledge in response to incoming stimuli (the access func-
tion of Inhibitory Theory) [23,56].

Classic behavioral work illustrates that prior knowledge shapes memory representations and
recall patterns in older adults, resulting in benefits or detriments depending on the task and
context (reviewed in [58]). When encoded information is consistent with, or capitalizes on, older
adults’ prior knowledge, that knowledge can support episodic memory, and even bolster it to
the same level as that of younger adults [14,59–62]. Indeed, multiple studies report that typical
age differences in associative memory [63] are mediated by the meaningfulness of the stimuli
and their consistency with prior knowledge, such that age differences are minimized in conditions
that use naturally co-occurring elements and engage prior knowledge [14,61,62,64–66]. Thus,
when novel information activates prior knowledge representations, a process more likely to
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occur under circumstances of reduced control [22,23], older adults show a greater memory
benefit than younger adults (see [57,58,61] for evidence and discussion of ‘schematic support’
in older adults).

However, over-reliance on prior knowledge by older adults can also increase memory errors,
including recall of false memories. For example, older adults are more likely than younger adults
to falsely recall or recognize items that are semantically related to encoded information
(e.g., falsely remember seeing a pot after studying a kitchen scene) [67,68]. One study illustrated
this effect by experimentally manipulating the extent to which older adults could rely on prior
knowledge [69]. Older and younger adults studied ambiguous pictures that could be interpreted
as common objects. In one condition, the pictures were presented with disambiguating labels to
elicit the use of semantic knowledge and, in another condition, the pictures were presented with-
out labels. Although older and younger adults performed similarly in the no-label condition, older
adults showed higher rates of false recognition of new pictures in the semantic label condition,
consistent with an age-related increase in reliance on prior knowledge.

Compared with younger adults, older adults over-rely on prior knowledge when forming memory
representations, by drawing links between novel information and nonsuppressed existing
knowledge. Lending support to this hypothesis, research suggests that prior knowledge and
novel target information can be maintained concurrently in memory. For example, in one study
[70], older and younger adults read passages in which an expected inference (based on prior
knowledge) was confirmed or disconfirmed by subsequent information. The disconfirmed condi-
tion required a reinterpretation of the original inference (e.g., a ‘shot’ was fired by a camera, not a
gun as originally assumed). On a speeded decision task following the paragraph, older adults
retained access to both the original and the reinterpreted inference, while younger adults had
only the final, appropriate inference accessible. That is, older adults retained both the target
and competing (prior knowledge-based) inferences in memory.

Evidence from eye-tracking work is consistent with the conclusion that prior knowledge has a
larger role in older adults’ representations than is the case for younger adults. For example, in
one recent study [71], participants performed a visual search task, with target objects placed in
either congruent or incongruent locations in real-world scenes (e.g., a kettle on the stove or on
the kitchen floor). Scenes were presented multiple times across blocks, such that targets in
incongruent locations could be found using episodic memory after the first block. Whereas
both younger and older adults detected incongruent targets more quickly across repetitions,
older adults continued to view the congruent locations (not containing the target) to a greater
extent than younger adults. In other words, older adults were less likely than younger adults
to suppress their pre-existing knowledge, and that knowledge guided their visual attention
(see also [72]). Finally, on a subsequent memory task, older adults were marginally more likely
than younger adults to incorrectly report that previously detected incongruent targets had been
located in congruent locations. Thus, prior knowledge representations not only guided older
adults’ viewing behavior, but were also maintained in memory along with newly learned target
items (for further eye-tracking evidence of excessive information storage with age, see [73]).

Mechanisms of incorporating prior knowledge into memory
Given evidence of the impact of prior knowledge on older adults’ memory, recent studies have
examined how knowledge in older adults interacts with, and modulates, encoding mechanisms
and is ultimately incorporated into memory. At the neural level, semantic processing, which
requires access to prior knowledge or stored mnemonic representations, is associated with a
distributed network of intrinsically connected brain regions known as the default mode network
Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3 259
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(DMN) [74–78]. This network, comprising regions including medial prefrontal, medial and lateral
parietal, and medial and lateral temporal cortex, has been characterized by its involvement in
internally directed cognition [77,79]. This is evidenced by greater network activity during internally
oriented (e.g., rest) relative to externally oriented tasks, and by research suggesting a role for the
network in organizing incoming sensory information in relation to contextual or prior knowledge
[77,78]. During externally oriented tasks, such as intentional learning and preparation for an
upcoming memory test, DMN regions are suppressed or show decreased activity relative to a
passive baseline [76]. This suppression is thought to be mediated by cognitive control, as
evidenced by negative correlations in activity between control and DMN regions, as well as causal
evidence (using transcranial magnetic stimulation) of direct negative modulation of the DMN by
control regions [80–84]. Some researchers have proposed that this top-down suppression
serves to facilitate memory formation by promoting a shift from internal thought to externally
focused attention, thus reducing internally based distraction (e.g., task-unrelated thoughts)
[82,85–88]. Consistent with the idea that older adults’ memory representations contain more
knowledge-based details, there is evidence that, with old age, DMN regions show reduced
suppression relative to that seen in younger adults. Furthermore, this pattern is associated with
poorer task performance (e.g., recall and recognition) [88–90]. These findings are consistent
with an age-related decline in top-down control or modulation of the network [85,89].

Although heightened DMN activity is associated with poorer target memory, other work in young
adults suggests that, when a task particularly engages prior knowledge (e.g., by using famous as
opposed to non-famous faces), greater DMN activity might support memory performance by
activating that knowledge and incorporating it into encoded memory representations [25,91].
This might be the case particularly for older adults [14,61]. One study [92] examined whether
reduced DMN suppression in older adults is related to the integration of novel, meaningful
information into existing knowledge networks and, consequently, enhanced memory for that
information. Older and younger adults learned the prices of common grocery store items in an
associative memory task. The prices were either unrealistic or realistic and, thus, could engage
prior knowledge. Consistent with previous work [14,59,61], older, but not younger, adults
showed better performance in the realistic, relative to the unrealistic, condition, displaying a
memory advantage for information consistent with prior knowledge. Neurally, performance in
the realistic, but not unrealistic, condition was associated with DMN activity during encoding,
as well as at retrieval, in both older and younger adults. Additionally, increased interaction be-
tween the DMN and a cognitive control network during encoding, a network interaction pattern
implicated in accessing internal representations and typically seen during successful memory
retrieval [93–95], was associated with realistic memory performance in both age groups. These
findings suggest that, in older adults, the incorporation of prior knowledge into memory is medi-
ated by naturally elevated DMN activity and connectivity with control regions [96], a brain pattern
that can also be flexibly expressed by younger adults. Evidence consistent with this conclusion is
also seen in a study of autobiographical memory; connectivity between the DMN and a lateral
prefrontal control region at rest was associated with the extent to which older adults recalled
semantic (generalized), rather than episodic, details [97]. Together, these findings suggest that
this age-related DMN interaction pattern is associated with the representation of knowledge-
based details in memory. In conjunction with behavioral evidence, these findings suggest that
prior knowledge has a prominent role in the encoding of new information in older adults, resulting
in its over-representation in memory.

Binding of task-irrelevant information to target information
In addition to the over-representation of previously relevant and knowledge-based details in the
memories of older adults, evidence suggests that task-irrelevant information, present in or cued
260 Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3
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by the immediate environment, is encoded along with target information. For example, concurrent
irrelevant information is disproportionately disruptive to older adults, slowing performance on
simple tasks [98] and increasing errors in problem-solving [99]. Work also suggests that older
adults retain previously concurrent distraction to solve new problems [100], to complete fragments
[101], and even to answer general knowledge questions [102] (see also [31,54,103–106]). Thus
concurrent, task-irrelevant information is also part of what comprises representations formed by
older adults.

A related series of studies demonstrates that distraction is not only encoded, but is also bound to
co-occurring target information, a phenomenon termed ‘hyperbinding’ [11]. This phenomenon is
another consequence of reduced cognitive control that adds information to older adults’memory
representations. Hyperbinding was first seen in a set of studies that showed that previous
distractors could impact older but not younger adults’ performance on a subsequent paired-
associates memory task [11,107]. During the initial phase of these studies, older and younger
adults performed a one-back task on target pictures with superimposed irrelevant words that
they were instructed to ignore. After a brief delay, participants performed an intentional picture–
word associative memory task, which, unbeknown to the participants, included preserved and
repaired (disrupted) picture–word pairs from the initial one-back task, as well as new pairs. Unlike
younger adults, who showed similar performance across pair types, older adults showed an
advantage on the preserved pairs and a disadvantage on the disrupted pairs relative to the
new pairs, evidence that older adults bound the distractors to the original targets and maintained
that information over a delay. Several other studies showed a similar age-related hyperbinding
effect by demonstrating that, when studying an object presented with both a task-relevant
(e.g., color) and task-irrelevant (e.g., scene) context, older adults were more likely than younger
adults to show conditional dependence between the two contexts. In other words, older adults
were more likely to recall one context if they accurately recalled the other context ([108,109];
see also [110]).

A recent study also examined whether a delayed re-presentation of one component of a
‘hyperbound’ or cluttered memory representation could evoke, and possibly even increase
accessibility of, another component of that representation [111]. In the study, older adults initially
performed a one-back task on target pictures with superimposed irrelevant words. They then
performed a living/non-living judgment task on pictures, half of which had been seen as targets
in the initial one-back task. The assumption was that, given the creation of strong links between
targets and distractors, a single re-presentation of the target could elicit spontaneous reactivation
of its previously paired distractor and, thus, increase its subsequent accessibility. Implicit memory
for the original distractors was tested in a general knowledge task in which answers to the ques-
tions were the words seen as distractors in the initial one-back task. Consistent with a cluttered
memory interpretation, older adults showed greater memory for reactivated distractors, the
original targets of which were seen in the living/nonliving phase, relative to distractors, the targets
of which were not seen in that phase. These findings provide direct evidence that memory
representations are cluttered in old age, containing task-irrelevant information bound to target
information (see also [112]).

Considered together, the discussed studies suggest that, with age-related reductions in cognitive
control or inhibitory mechanisms, older adults are less likely than are young adults to suppress
no-longer-relevant information, to control or suppress the activation of prior knowledge, to ignore
task-irrelevant information and to prevent its automatic binding with target information (Figure 1
and Box 1). These control mechanisms, as well as additional contributing factors (Box 2), can
at least partly account for the cluttered nature of older adults’ memory representations.
Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3 261
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Box 2. Contributors to age differences in mnemonic representations

Mounting evidence suggests that changes in cognitive control due to age shape the mnemonic representations of older
adults. In evaluating this evidence, it is important to consider additional factors that might contribute to age-related
differences in cognitive control. For example, research suggests that cognitive control fluctuates in a circadian fashion,
and that these patterns differ with age. As a result, younger adults perform at peak levels in the evening, while older adults’
performance peaks in the early morning [128]. Indeed, behavioral evidence indicates that, when tested at their peak time
(morning), relative to later in the day, older adults show reduced processing and memory for task-irrelevant information,
reflecting enhanced cognitive control [99,101]. Neural evidence indicates that when tested in the morning, older adults
show enhanced activity and connectivity patterns in brain regions supporting cognitive control, more closely mirroring
the patterns typically observed in younger adults [129,130]. In addition to time of testing, older adults’ performance is
heavily influenced by mood. Research shows that, compared with younger adults, older adults report a more positive
mood [131], and this has been associated elsewhere with a broader focus of attention and increased processing of
distraction [132,133]. Finally, the goals and values of older adults are likely to differ from those of young adults, and this
can also contribute to differences in cognition [134]. These factors critically contribute to age-related differences in
cognitive control and, as a result, the nature of mnemonic representations.

Trends in Cognitive Sciences
Functional outcomes of cluttered memory representations
Retrieval difficulties
How can the unique nature of older adults’ memory representations account for age-related
cognitive patterns? Classic memory studies of fan and cue overload effects demonstrate that
cues associated with many responses result in poorer retrieval of those responses than of cues
associated with fewer responses [113–115]. Older adults can be seen as models of these
retrieval effects, given that their memory representations contain more information than do
those of younger adults. That is, given that older adults form and maintain extraneous links
between target and irrelevant information in memory, they are more likely than younger adults
to experience interference from irrelevant information during memory retrieval. This spontaneous
retrieval of irrelevant information is particularly disruptive to target retrieval, considering that
older adults also show a reduced ability to resolve interference by suppressing competitors
[18,19,28,29,41].

Converging evidence supports an age-related link between cluttered memories and retrieval
difficulties. For example, older adults are more susceptible than younger adults to interference
and retrieval deficits in the fan effect paradigm, in which a target item is studied with an increasing
number of associates ([116]; see also [17,117]). Similarly, retrieval difficulties due to maintenance
of previously relevant information in memory are also reported in episodic and working memory
tasks. For example, in older adults, neural activation of no-longer-relevant items during the reten-
tion period in a recognition task is associated with poorer recognition memory for relevant items
[51]. Additionally, in tasks designed to measure workingmemory capacity, testing the longest set
of items first rather than last improves older adults’working memory capacity scores to the same
level as that of younger adults [49,50,118]. That is, in the former condition, older adults are less
likely to have too much information from prior trials maintained or active in memory and, thus,
are less likely to display retrieval difficulties. Clearly, cluttered memories in older adults can induce
interference and disrupt retrieval of target information.

Potential benefits of cluttered or ‘enriched’ memories
Although cluttered memories that include both relevant and less relevant information can be
particularly problematic for retrieval of target information, the enriched nature of these represen-
tations can sometimes benefit older adults. One example is creativity, in which problems are
solved through novel solutions reached by forming broad associations between weakly linked
elements and accessing seemingly irrelevant information. Evidence suggests that older adults
show preserved, and at times enhanced, creativity as a function of enrichedmemories. For example,
one study demonstrated that on the Remote Associates Task, in which three weakly related words
262 Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3
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Outstanding questions
How do older adults’ cluttered
memory representations contribute to
their knowledge base? Although it
is well established that knowledge
grows into old age, it is unclear how
(and whether) excessive information
associated with target information in a
memory trace is eventually integrated
into older adults’ long-term knowledge.

Do individual differences in cognitive
control contribute to differences in
memory representations? An
extensive literature has illustrated
that cognitive abilities show large
variability with old age
(e.g., differences in ‘brainmaintenance’).
Individual differences in the content of
memory in relation to cognitive control
would establish a strong link between
cognitive control and the nature of
memory representations.

How does age-related hippocampal
function contribute to cluttered mem-
ory representations? The hippocam-
pus, known to be critical for forming
associations between encoded items,
typically shows structural and func-
tional decline with old age. How does
this decline account for forming extra-
neous associations between items?
Does reduced modulation of the hip-
pocampus by cognitive control regions
account for forming too many associa-
tions in memory?

How do cluttered representations
provide a potential advantage on
open-ended or knowledge-based
tasks? Although the spontaneous
retrieval of excessive information in
memory might provide a boost on
tasks that benefit from that informa-
tion, it is unclear whether this process
only occurs under implicit conditions,
and whether older adults show similar
benefits when control-based evalua-
tion of retrieved information is impor-
tant for task success. Similarly, it
is unclear how cluttered memories
containing knowledge-based details
might allow incorporation and usage
of such details on decision-making
tasks that require retrieval and manip-
ulation of prior knowledge for optimal
performance.
(e.g., ‘room’, ‘bubble’, and ‘salts’) can be linked by a fourth missing word (‘bath’), older, but not
younger, adults showed enhanced performance when exposed to solutions (i.e., the missing
words) as distractors on a previous unrelated task [100]. Similarly, older adults showed a greater
performance benefit than younger adults on the Alternate Uses Task (requiring generation of unusual
uses for a common item), when useful suggestions were presented as distractors on a previous task
[119]. These findings suggest that access to distractors in enriched memories can sometimes aid
creativity. Finally, other studies show that access to prior knowledge representations in memory,
indexed by DMN-control network interactions, is also associated with improved performance by
older adults on the Alternate Uses Task [120,121]. These findings suggest that representation of ad-
ditional elements in memory, whether previous distractors or knowledge-based details, can provide
older adults with an advantage on open-ended tasks, such as creativity, that benefit from aggregat-
ing diverse bits of information from different sources.

Decision-making is another domain that might benefit from enriched memories. Although some
studies have reported an age-related decline on decision-making tasks that depend on ‘fluid’
cognitive abilities [122,123], others have reported that older adults show an advantage on
decision-making taskswhen experience and prior knowledge are relevant. For example, older adults
outperform younger adults on tasks in which optimal performance depends on: (i) accounting
for previous decisions within the context of the experiment [4]; and (ii) incorporating accumulated
knowledge to reason about social conflicts or make sound financial decisions [1–3]. This ability to
incorporate prior knowledge, which contributes to older adults’ ‘wisdom’, is potentially afforded
by enriched memories containing an over-representation of knowledge-based details. Clearly,
however, more research is needed to establish a direct link between memory representations and
decision-making in older adults (see Outstanding questions).

Finally, it is possible that the increased binding and richer encodings of older adults can even be
leveraged to improve older adults’ learning andmemory. For example, excessive linking of targets
and distractors (i.e., hyperbinding) by older adults can be exploited to reduce forgetting [112] and
to improve memory for face–name associations, a common memory complaint among older
adults [124–126]. Specifically, presenting superimposed task-irrelevant names on faces in an
initial selective attention task improved performance on a subsequent face–name association
task when face–name pairs were maintained (as opposed to disrupted) from the initial task
(i.e., enriched memories formed from the initial phase supported performance on the subsequent
associative memory task) [126]. Additionally, prior knowledge representations that can clutter
memory and be considered irrelevant in some contexts (e.g., price of a movie ticket 40 years
ago) can provide age-related associative memory advantages should that information become
useful (e.g., remembering item prices in different eras relative to now) [62]. In sum, although
excessive information in older adults’ memory representations can interfere with the retrieval of
specific target information and hurt performance, it can also provide an advantage on more
open-ended tasks that benefit from extraneous knowledge.

Concluding remarks
Older adults have greater knowledge of the world but generally show poorer episodic memory
performance on many laboratory-based tasks relative to young adults. Here, we propose that
this paradox can be accounted for, at least partially, by the uniquely cluttered/enriched memory
representations of older adults (see Box 3 for alternative accounts). Specifically, unlike young
adults, older adults’ memory representations contain target information bound to irrelevant
and/or knowledge-based details, likely formed as a function of reduced cognitive control. With
these cluttered or rich representations, older adults are more likely to activate excessive informa-
tion. This, in turn, can pose retrieval difficulties for target information (and negatively impact
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Box 3. Alternative explanations for age-related memory differences

Although there is convincing evidence that interference from irrelevant information, as a result of cluttered memories,
contributes to age-related memory differences/deficits, alternative accounts have been proposed to explain these differences.
One account, the associative deficit hypothesis, posits that age-related difficulties in binding or integrating individual elements
into a cohesive unit during encoding is the source of age differences in memory performance [12]. According to this view,
binding deficits result in spare records of experience, which result in poor retrieval in associative memory tasks [63,135,136].
However, older and younger adults show equivalent associative memory performance when memory for target associations
is tested implicitly [15,16,32]. These findings are consistent with the cluttered memory account, suggesting that, in contrast
to binding deficits, older adults form too many associations (between both target and irrelevant items [11,111]), and then are
differentially vulnerable to interference.

Another approach to age differences in memory that might appear to contradict the notion of age-related cluttered mem-
ories is the environmental support account [137,138]. This account proposes that, due to difficulties in maintaining internal
task or cognitive representations, older adults rely on external information (or ‘outsource’ control to the environment) to
support cognitive performance. The environmental support hypothesis received empirical support in memory studies
showing that older adults tend to perform progressively worse on memory tasks that require self-initiated processing
relative to tasks with supporting information provided by the environment (e.g., repetition priming versus recognition
versus free recall) [139]. However, this approach does not account for data showing the role of the recent past, of general
knowledge, and of irrelevant information in the cognitive functioning of older adults. It also does not account for the
susceptibility of older adults to interference from excessive information and from reduced ability to suppress irrelevant
information. The current environment might well play a substantial role in the mental lives of older adults and might even
help to offset some clutter-related retrieval difficulties, but, in our view, it is the ability to control excessive information that
is the more powerful source of age differences in memory.

Trends in Cognitive Sciences
episodic and working memory tasks), but can also aid performance on tasks, such as creativity,
decision-making, and sometimes new learning, which benefit from access to knowledge from
various sources. Future research can investigate how negative and positive outcomes of
cluttered/enrichedmemory representations converge to influence functional behavior in everyday
life (see Outstanding questions).

Acknowledgments
This work was supported by the Natural Sciences and Engineering Research Council of Canada (Grant 487235 to L.H.), and

by the Canadian Institutes of Health Research (postdoctoral fellowship to T.A.).

Declaration of interests
None declared by authors.

References

1. Grossmann, I. et al. (2010) Reasoning about social conflicts

improves into old age. Proc. Natl. Acad. Sci. U. S. A. 107,
7246–7250

2. Li, Y. et al. (2013) Complementary cognitive capabilities,
economic decision making, and aging. Psychol. Aging 28,
595–613

3. Li, Y. et al. (2015) Sound credit scores and financial decisions
despite cognitive aging. Proc. Natl. Acad. Sci. U. S. A. 112,
65–69

4. Worthy, D.A. et al. (2011) With age comes wisdom: decision
making in younger and older adults. Psychol. Sci. 22,
1375–1380

5. Craik, F.I.M. and Jennings, J.M. (1992) Humanmemory. In
The Handbook of Aging and Cognition (Craik , F.I.M. and
Salthouse, T.A., eds), pp. 51–110, Lawrence Erlbaum Associates

6. Jennings, J. and Jacoby, L. (1993) Automatic versus inten-
tional uses of memory - aging, attention, and control. Psychol.
Aging 8, 283–293

7. Nilsson, L. (2003) Memory function in normal aging. Acta
Neurol. Scand. Suppl. 107, 7–13

8. Nyberg, L. et al. (2012) Memory aging and brain maintenance.
Trends Cogn. Sci. 16, 292–305

9. Zacks, R.T. and Hasher, L. (2006) Aging and long-termmemory:
deficits are not inevitable. In Lifespan Cognition: Mechanisms of

Change (Bialystok, E. and Craik, F.I.M., eds), pp. 162–177,
Oxford University Press

10. Zimmerman, S. et al. (2011) Cognitive ageing: a positive
perspective. In The Paradoxical Brain (Kapur, N., ed.),
pp. 130–150, Cambridge University Press

11. Campbell, K.L. et al. (2010) Hyper-binding: a unique age effect.
Psychol. Sci. 21, 399–405

12. Naveh-Benjamin, M. (2000) Adult age differences in memory
performance: tests of an associative deficit hypothesis.
J. Exp. Psychol. Learn. Mem. Cogn. 26, 1170–1187

13. Craik, F.I.M. and Rose, N.S. (2012) Memory encoding and
aging: a neurocognitive perspective. Neurosci. Biobehav.
Rev. 36, 1729–1739

14. Amer, T. et al. (2018) Age differences in memory for meaningful
and arbitrary associations: a memory retrieval account.
Psychol. Aging 33, 74–81

15. Cohn, M. et al. (2008) Age-related deficits in associative
memory: the influence of impaired strategic retrieval. Psychol.
Aging 23, 93–103

16. Dew, I.T.Z. and Giovanello, K.S. (2010) Differential age effects
for implicit and explicit conceptual associative memory.
Psychol. Aging 25, 911–921

17. Fandakova, Y. et al. (2014) Deficits in process-specific
prefrontal and hippocampal activations contribute to adult
264 Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3

http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0005
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0005
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0005
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0010
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0010
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0010
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0015
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0015
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0015
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0020
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0020
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0020
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0025
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0025
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0025
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0030
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0030
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0030
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0035
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0035
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0040
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0040
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0045
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0045
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0045
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0045
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0050
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0050
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0050
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0055
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0055
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0060
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0060
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0060
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0065
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0065
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0065
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0070
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0070
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0070
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0075
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0075
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0075
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0080
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0080
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0080
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0085
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0085
CellPress logo


Trends in Cognitive Sciences
age differences in episodic memory interference. Cereb. Cortex
24, 1832–1844

18. Ikier, S. and Hasher, L. (2006) Age differences in implicit
interference. J. Gerontol. B Psychol. Sci. Soc. Sci. 61,
P278–P284

19. Ikier, S. et al. (2008) Implicit proactive interference, age, and
automatic versus controlled retrieval strategies. Psychol. Sci.
19, 456–461

20. Amer, T. et al. (2016) Cognitive control as a double-edged
sword. Trends Cogn. Sci. 20, 905–915

21. Hasher, L. and Zacks, R.T. (1988) Working memory, compre-
hension, and aging: a review and a new view. Psychol. Learn.
Motivation 22, 193–225

22. Lustig, C. et al. (2007) Inhibitory deficit theory: recent develop-
ments in a ‘new view’. In The Place of Inhibition in Cognition
(Gorfein, D.S. and MacLeod, C.M., eds), pp. 145–162,
American Psychological Association

23. Hasher, L. and Campbell, K.C. (2019) Inhibitory theory: assump-
tions, findings and relevance to interventions. In The Cambridge
Handbook of Cognitive Aging: A Life Course Perspective
(Thomas, A.K. and Gutchess, A., eds), pp. 147–160, Cambridge
University Press

24. Bein, O. et al. (2019) The role of prior knowledge in incremental
associative learning: An empirical and computational approach.
J. Mem. Lang. 107, 1–24

25. Liu, Z. et al. (2017) Effects of prior knowledge on brain activa-
tion and connectivity during associative memory encoding.
Cereb. Cortex 27, 1991–2009

26. Bjork, R.A. (1989) Retrieval inhibition as an adaptive mechanism
in human memory III. In Varieties of Memory and Consciousness
(Roediger, H.L. and Craik, F.I.M., eds), pp. 309–330, Erlbaum

27. Storm, B.C. et al. (2006) Is retrieval success a necessary
condition for retrieval-induced forgetting? Psychonom. Bull.
Rev. 13, 1023–1027

28. Healey, M.K. et al. (2013) The role of suppression in resolving
interference: evidence for an age-related deficit. Psychol.
Aging 28, 721–728

29. Healey, M.K. et al. (2014) Below-baseline suppression of
competitors during interference resolution by younger but not
older adults. Psychol. Sci. 25, 145–151

30. Ngo, K.J. et al. (2021) Electrophysiological signature of
suppression of competitors during interference resolution.
Brain Res., 147564

31. Weeks, J.C. and Hasher, L. (2018) Older adults encode more,
not less: evidence for age-related attentional broadening.
Neuropsychol. Dev. Cogn. B Aging Neuropsychol. Cogn. 25,
576–587

32. Davis, E.E. et al. (2021) Implicit associative memory remains intact
with age and extends to target-distractor pairs. Neuropsychol.
Dev. Cogn. B Aging Neuropsychol. Cogn. 28, 455–471

33. Anderson, M.C. et al. (1994) Remembering can cause
forgetting - retrieval dynamics in long-term memory. J. Exp.
Psychol. Learn. Mem. Cogn. 20, 1063–1087

34. Kluen, L.M. et al. (2019) Dorsolateral prefrontal cortex
enables updating of established memories. Cereb. Cortex
29, 4154–4168

35. Kuhl, B.A. et al. (2012) Neural reactivation reveals mechanisms
for updating memory. J. Neurosci. 32, 3453–3461

36. Kuhl, B.A. et al. (2011) Fidelity of neural reactivation reveals
competition between memories. Proc. Natl. Acad. Sci. U. S. A.
108, 5903–5908

37. Wimber, M. et al. (2015) Retrieval induces adaptive forgetting
of competing memories via cortical pattern suppression. Nat.
Neurosci. 18, 582–589

38. Eich, T.S. et al. (2021) Cortical thickness in the right inferior
frontal gyrus mediates age-related performance differences
on an item-method directed forgetting task. Neurobiol. Aging
106, 95–102

39. Zacks, R.T. et al. (1996) Studies of directed forgetting in older
adults. J. Exp. Psychol. Learn. Mem. Cogn. 22, 143–156

40. Aslan, A. and Bäuml, K.T. (2012) Retrieval-induced forgetting in
old and very old age. Psychol. Aging 27, 1027–1032

41. Dey, A. and Sommers, M.S. (2015) Age-related differences in
inhibitory control predict audiovisual speech perception.
Psychol. Aging 30, 634–646

42. May, C.P. and Hasher, L. (1998) Synchrony effects in inhibitory
control over thought and action. J. Exp. Psychol. Hum. Percept.
Perform. 24, 363–379

43. Kray, J. and Lindenberger, U. (2000) Adult age differences in
task switching. Psychol. Aging 15, 126–147

44. Miyake, A. and Friedman, N.P. (2012) The nature and organiza-
tion of individual differences in executive functions: four general
conclusions. Curr. Dir. Psychol. Sci. 21, 8–14

45. Scullin, M.K. et al. (2012) Whoops, I did it again: commission
errors in prospective memory. Psychol. Aging 27, 46–53

46. Scullin, M.K. et al. (2011) Prospective memory and aging:
preserved spontaneous retrieval, but impaired deactivation, in
older adults. Mem. Cogn. 39, 1232–1240

47. Nicosia, J. and Balota, D. (2020) Age differences in cross-task
bleeding. Psychol. Aging 35, 881–893

48. Just, M.A. and Carpenter, P.A. (1992) A capacity theory of
comprehension: individual differences in working memory.
Psychol. Rev. 99, 122–149

49. Lustig, C. et al. (2001) Working memory span and the role of
proactive interference. J. Exp. Psychol. Gen. 130, 199–207

50. Rowe, G. et al. (2008) Age differences in visuospatial working
memory. Psychol. Aging 23, 79–84

51. Weeks, J.C. et al. (2020) Holding on to the past: older adults
show lingering neural activation of no-longer-relevant items in
working memory. J. Cogn. Neurosci. 32, 1946–1962

52. Olsen, R.K. et al. (2012) The hippocampus supports multiple
cognitive processes through relational binding and comparison.
Front. Human Neurosci. 1–13

53. Yonelinas, A.P. (2013) The hippocampus supports high-
resolution binding in the service of perception, working memory
and long-term memory. Behav. Brain Res. 254, 34–44

54. Srokova, S. et al. (2021) Effects of age on goal-dependent
modulation of episodic memory retrieval. Neurobiol. Aging
102, 73–88

55. Blanco, N.J. et al. (2016) Exploratory decision-making as a
function of lifelong experience, not cognitive decline. J. Exp.
Psychol. Gen. 145, 284–297

56. Spreng, R.N. and Turner, G.R. (2019) The shifting architecture
of cognition and brain function in older adulthood. Perspect.
Psychol. Sci. 14, 523–542

57. Kuhns, J.M. and Touron, D.R. (2020) Schematic support
increases memory strategy use in young and older adults.
Psychol. Aging 35, 397–410

58. Umanath, S. and Marsh, E.J. (2014) Understanding how prior
knowledge influences memory in older adults. Perspect.
Psychol. Sci. 9, 408–426

59. Castel, A. (2005) Memory for grocery prices in younger and
older adults: the role of schematic support. Psychol. Aging
20, 718–721

60. Matzen, L.E. and Benjamin, A.S. (2013) Older and wiser: older
adults' episodic word memory benefits from sentence study
contexts. Psychol. Aging 28, 754–767

61. Whatley, M.C. and Castel, A.D. (2021) The role of metacogni-
tion and schematic support in younger and older adults'
episodic memory. Mem. Cognit. Published online March 29,
2021. https://doi.org/10.3758/s13421-021-01169-y

62. Castel, A.D. et al. (2013) Back to the future: past and future
era-based schematic support and associative memory for prices
in younger and older adults. Psychol. Aging 28, 996–1003

63. Castel, A. and Craik, F. (2003) The effects of aging and divided
attention on memory for item and associative information.
Psychol. Aging 18, 873–885

64. Aghayan Golkashani, H. et al. (2021) Schema-driven memory
benefits boost transitive inference in older adults. Psychol.
Aging 36, 463–474

65. Mohanty, P. et al. (2016) Beneficial effects of semantic memory
support on older adults' episodic memory: differential patterns
of support of item and associative information. Psychol. Aging
31, 25–36

66. Winocur, G. andMoscovitch,M. (1983) Paired-associate learning
in institutionalized and noninstitutionalized old people: an analysis
of interference and context effects. J. Gerontol. 38, 455–464

67. Balota, D.A. et al. (1999) Veridical and false memories in
healthy older adults and in dementia of the Alzheimer's type.
Cogn. Neuropsychol. 16, 361–384
Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3 265

http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0085
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0085
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0090
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0090
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0090
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0095
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0095
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0095
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0100
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0100
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0105
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0105
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0105
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0110
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0110
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0110
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0110
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0115
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0115
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0115
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0115
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0115
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0120
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0120
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0120
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0125
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0125
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0125
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0130
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0130
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0130
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0135
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0135
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0135
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0140
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0140
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0140
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0145
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0145
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0145
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0150
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0150
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0150
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0155
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0155
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0155
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0155
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0160
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0160
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0160
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0165
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0165
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0165
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0170
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0170
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0170
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0175
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0175
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0180
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0180
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0180
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0185
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0185
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0185
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0190
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0190
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0190
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0190
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0195
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0195
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0200
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0200
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0205
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0205
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0205
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0210
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0210
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0210
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0215
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0215
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0220
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0220
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0220
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0225
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0225
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0230
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0230
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0230
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0235
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0235
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0240
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0240
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0240
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0245
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0245
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0250
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0250
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0255
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0255
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0255
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0260
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0260
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0260
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0265
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0265
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0265
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0270
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0270
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0270
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0275
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0275
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0275
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0280
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0280
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0280
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0285
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0285
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0285
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0290
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0290
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0290
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0295
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0295
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0295
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0300
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0300
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0300
https://doi.org/10.3758/s13421-021-01169-y
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0310
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0310
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0310
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0315
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0315
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0315
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0320
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0320
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0320
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0325
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0325
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0325
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0325
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0330
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0330
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0330
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0335
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0335
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0335
CellPress logo


Trends in Cognitive Sciences
68. Hess, T.M. and Slaughter, S.J. (1990) Schematic knowledge
influences on memory for scene information in young and
older Adults. Dev. Psychol. 26, 855–865

69. Koutstaal, W. et al. (2003) False recognition of abstract versus
common objects in older and younger adults: testing the
semantic categorization account. J. Exp. Psychol. Learn.
Mem. Cogn. 29, 499–510

70. Hamm, V.P. and Hasher, L. (1992) Age and the availability of
inferences. Psychol. Aging 7, 56–64

71. Wynn, J.S. et al. (2020) Effects of prior knowledge on active
vision and memory in younger and older adults. J. Exp.
Psychol. Gen. 149, 518–529

72. Wynn, J.S. et al. (2020) How older adults remember the world
depends on how they see it. Trends Cogn. Sci. 24, 858–861

73. Wynn, J.S. et al. (2016) Selective scanpath repetition during
memory-guided visual search. Vis. Cogn. 24, 15–37

74. Lanzoni, L. et al. (2020) The role of default mode network in se-
mantic cue integration. Neuroimage 219, 117019

75. Murphy, C. et al. (2019) Modes of operation: a topographic
neural gradient supporting stimulus dependent and indepen-
dent cognition. Neuroimage 186, 487–496

76. Raichle, M.E. (2015) The brain's default mode network. Annu.
Rev. Neurosci. 38, 433–447

77. Yeshurun, Y. et al. (2021) The default mode network: where the
idiosyncratic self meets the shared social world. Nat. Rev.
Neurosci. 22, 181–192

78. Ames, D.L. et al. (2015) Contextual alignment of cognitive and
neural dynamics. J. Cogn. Neurosci. 27, 655–664

79. Andrews-Hanna, J.R. et al. (2014) The default network and
self-generated thought: component processes, dynamic con-
trol, and clinical relevance. Ann. N. Y. Acad. Sci. 1316, 29–52

80. Fox, M.D. et al. (2005) The human brain is intrinsically orga-
nized into dynamic, anticorrelated functional networks. Proc.
Natl. Acad. Sci. U. S. A. 102, 9673–9678

81. Spreng, R.N. et al. (2010)Default networkactivity, coupledwith the
frontoparietal control network, supports goal-directed cognition.
Neuroimage 53, 303–317

82. Anticevic, A. et al. (2012) The role of default network deactiva-
tion in cognition and disease. Trends Cogn. Sci. 16, 584–592

83. Chen, A.C. et al. (2013) Causal interactions between fronto-
parietal central executive and default-mode networks in
humans. Proc. Natl. Acad. Sci. U. S. A. 110, 19944–19949

84. Wen, X. et al. (2013) Top-down regulation of default mode
activity in spatial visual attention. J. Neurosci. 33, 6444–6453

85. Grady, C.L. et al. (2006) Age-related changes in brain activity
across the adult lifespan. J. Cogn. Neurosci. 18, 227–241

86. Huijbers, W. et al. (2012) Explaining the encoding/retrieval flip:
memory-related deactivations and activations in the posteromedial
cortex. Neuropsychologia 50, 3764–3774

87. Lee, H. et al. (2017) Lower parietal encoding activation is asso-
ciated with sharper information and better memory. Cereb.
Cortex 27, 2486–2499

88. Miller, S.L. et al. (2008) Age-related memory impairment associ-
atedwith loss of parietal deactivation but preserved hippocampal
activation. Proc. Natl. Acad. Sci. U. S. A. 105, 2181–2186

89. Rieck, J.R. et al. (2017) Age-related reduction of BOLD modu-
lation to cognitive difficulty predicts poorer task accuracy and
poorer fluid reasoning ability. Neuroimage 147, 262–271

90. Samu, D. et al. (2017) Preserved cognitive functions with age
are determined by domain-dependent shifts in network
responsivity. Nat. Commun. 8, 14743

91. Sommer, T. (2017) The emergence of knowledge and how it
supports the memory for novel related information. Cereb.
Cortex 27, 1906–1921

92. Amer, T. et al. (2019) Neural correlates of enhanced memory for
meaningful associations with age. Cereb. Cortex 29, 4568–4579

93. Fornito, A. et al. (2012) Competitive and cooperative dynamics of
large-scale brain functional networks supporting recollection.
Proc. Natl. Acad. Sci. U. S. A. 109, 12788–12793

94. Kragel, J.E. and Polyn, S.M. (2015) Functional interactions
between large-scale networks during memory search. Cereb.
Cortex 25, 667–679

95. Westphal, A.J. et al. (2017) Episodic memory retrieval benefits
from a less modular brain network organization. J. Neurosci.
37, 3523–3531

96. Turner, G.R. and Spreng, R.N. (2015) Prefrontal engagement
and reduced default network suppression co-occur and are
dynamically coupled in older adults: the default-executive cou-
pling hypothesis of aging. J. Cogn. Neurosci. 27, 2462–2476

97. Spreng, R.N. et al. (2018) Semanticized autobiographical
memory and the default - executive coupling hypothesis of
aging. Neuropsychologia 110, 37–43

98. Lustig, C. et al. (2006) Distraction as a determinant of process-
ing speed. Psychon. Bull. Rev. 13, 619–625

99. May, C.P. (1999) Synchrony effects in cognition: the costs and
a benefit. Psychon. Bull. Rev. 6, 142–147

100. Kim, S. et al. (2007) Aging and a benefit of distractibility.
Psychon. Bull. Rev. 14, 301–305

101. Rowe, G. et al. (2006) Attentional disregulation: a benefit for
implicit memory. Psychol. Aging 21, 826–830

102. Amer, T. and Hasher, L. (2014) Conceptual processing of
distractors by older but not younger adults. Psychol. Sci. 25,
2252–2258

103. Amer, T. et al. (2018) Do young adults show conceptual knowl-
edge of previous distractors? Memory 26, 251–259

104. Chadick, J.Z. et al. (2014) Structural and functional differences
in medial prefrontal cortex underlie distractibility and suppres-
sion deficits in ageing. Nat. Commun. 5, 4223

105. Pedale, T. et al. (2021) Crossmodal spatial distraction across
the lifespan. Cognition 210, 104617

106. Rozek, E. et al. (2012) Learning to ignore distracters. Psychol.
Aging 27, 61–66

107. Campbell, K.L. and Hasher, L. (2018) Hyper-binding only
apparent under fully implicit test conditions. Psychol. Aging
33, 176–181

108. James, T. et al. (2016) Age-related deficits in selective attention
during encoding increase demands on episodic reconstruction
during context retrieval: an ERP study. Neuropsychologia 86,
66–79

109. Strunk, J. et al. (2017) Age-related changes in neural oscilla-
tions supporting context memory retrieval. Cortex 91, 40–55

110. Powell, P.S. et al. (2018) Decoding selective attention to con-
text memory: an aging study. Neuroimage 181, 95–107

111. Amer, T. et al. (2020) Spontaneous distractor reactivation with
age: evidence for bound target-distractor representations in
memory. Psychol. Sci. 31, 1315–1324

112. Biss, R.K. et al. (2013) Distraction can reduce age-related
forgetting. Psychol. Sci. 24, 448–455

113. Anderson, J.R. and Bower, G.H. (1972) Recognition and
retrieval processes in free recall. Psychol. Rev. 79, 97–123

114. Anderson, J. and Reder, L. (1999) The fan effect: new results
and new theories. J. Exp. Psychol. Gen. 128, 186–197

115. Watkins, O. and Watkins, M. (1975) Buildup of proactive inhibi-
tion as a cue-overload effect. J. Exp. Psychol. Hum. Learn.
104, 442–452

116. Gerard, L. et al. (1991) Age deficits in retrieval - the fan effect.
J. Gerontol. 46, 131–136

117. Dulas, M.R. and Duarte, A. (2016) Age-related changes in over-
coming proactive interference in associative memory: the role
of PFC-mediated executive control processes at retrieval.
Neuroimage 132, 116–128

118. May, C.P. et al. (1999) The role of interference in memory span.
Mem. Cogn. 27, 759–767

119. Carpenter, S.M. et al. (2020) Creativity and aging: positive
consequences of distraction. Psychol. Aging 35, 654–662

120. Adnan, A. et al. (2019) Intrinsic default-executive coupling of
the creative aging brain. Soc. Cogn. Affect. Neurosci. 14,
291–303

121. Adnan, A. et al. (2019) Creative aging: functional brain networks
associated with divergent thinking. Neurobiol. Aging 75,
150–158

122. Boyle, P.A. et al. (2013) Cognitive decline impairs financial and
health literacy among community-based older persons without
dementia. Psychol. Aging 28, 614–624

123. Samanez-Larkin, G.R. and Knutson, B. (2015) Decision making
in the ageing brain: changes in affective and motivational cir-
cuits. Nat. Rev. Neurosci. 16, 278–289

124. Biss, R.K. et al. (2018) Leveraging older adults’ susceptibility to
distraction to improve memory for face-name associations.
Psychol. Aging 33, 158–164
266 Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3

http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0340
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0340
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0340
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0345
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0345
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0345
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0345
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0350
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0350
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0355
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0355
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0355
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0360
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0360
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0365
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0365
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0370
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0370
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0375
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0375
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0375
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0380
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0380
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0385
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0385
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0385
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0390
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0390
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0395
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0395
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0395
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0400
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0400
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0400
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0405
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0405
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0405
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0410
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0410
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0415
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0415
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0415
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0420
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0420
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0425
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0425
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0430
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0430
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0430
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0435
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0435
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0435
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0440
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0440
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0440
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0445
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0445
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0445
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0450
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0450
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0450
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0455
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0455
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0455
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0460
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0460
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0465
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0465
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0465
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0470
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0470
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0470
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0475
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0475
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0475
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0480
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0480
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0480
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0480
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0485
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0485
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0485
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0490
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0490
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0495
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0495
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0500
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0500
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0505
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0505
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0510
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0510
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0510
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0515
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0515
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0520
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0520
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0520
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0525
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0525
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0530
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0530
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0535
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0535
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0535
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0540
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0540
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0540
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0540
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0545
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0545
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0550
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0550
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0555
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0555
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0555
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0560
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0560
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0565
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0565
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0570
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0570
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0575
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0575
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0575
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0580
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0580
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0585
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0585
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0585
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0585
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0590
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0590
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0595
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0595
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0600
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0600
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0600
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf2500
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf2500
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf2500
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0605
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0605
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0605
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0610
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0610
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0610
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0615
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0615
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0615
CellPress logo


Trends in Cognitive Sciences
125. Swirsky, L.T. and Spaniol, J. (2020) The effect of motivational
incentives on face-name hyper-binding in older adults. Psychol.
Aging 35, 773–779

126. Weeks, J.C. et al. (2016) Face-name learning in older adults: a
benefit of hyper-binding. Psychon. Bull. Rev. 23, 1559–1565

127. Plebanek, D.J. and Sloutsky, V.M. (2017) Costs of selective
attention: When children notice what adults miss. Psychol.
Sci. 28, 723–732

128. Yoon, C. et al. (2007) Aging, circadian arousal patterns and
cognition. In Cognitive Aging: A Primer (2nd edn) (Park, D.
and Schwarz, N., eds), pp. 157–177, Psychology Press

129. Anderson, J.A.E. et al. (2017) Task-linked diurnal brain network
reorganization in older adults: a graph theoretical approach.
J. Cogn. Neurosci. 29, 560–572

130. Anderson, J.A.E. et al. (2014) Timing is everything: age differ-
ences in the cognitive control network are modulated by time
of day. Psychol. Aging 29, 648–657

131. Biss, R.K. and Hasher, L. (2012) Happy as a lark: morning-type
younger and older adults are higher in positive affect. Emotion
12, 437–441

132. Biss, R.K. and Hasher, L. (2011) Delighted and distracted: positive
affect increases priming for irrelevant information. Emotion 11,
1474–1478

133. Biss, R.K. et al. (2012) Happily distracted: mood and a benefit
of attention dysregulation in older adults. Front. Psychol. 3, 399

134. Hess, T.M. (2005) Memory and aging in context. Psychol. Bull.
131, 383–406

135. Chalfonte, B.I. and Johnson, M.K. (1996) Feature memory and
binding in young and older adults. Mem. Cogn. 24, 403–416

136. Naveh-Benjamin, M. et al. (2003) Adult age differences in
episodic memory: further support for an associative-deficit
hypothesis. J. Exp. Psychol. Learn. Mem. Cogn. 29, 826–837

137. Craik, F.I.M. (1983) On the transfer of information from tempo-
rary to permanent memory. Philos. Trans. R. Soc. Lond. Ser. B
Biol. Sci. 302, 341–359

138. Lindenberger, U. and Mayr, U. (2014) Cognitive aging: is there
a dark side to environmental support? Trends Cogn. Sci. 18,
7–15

139. La Voie, D. and Light, L.L. (1994) Adult age differences in
repetition priming: a meta-analysis. Psychol. Aging 9, 539–553
Trends in Cognitive Sciences, March 2022, Vol. 26, No. 3 267

http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0620
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0620
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0620
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0625
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0625
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0630
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0630
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0630
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0635
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0635
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0635
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0640
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0640
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0640
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0645
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0645
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0645
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0650
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0650
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0650
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0655
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0655
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0655
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0660
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0660
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0665
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0665
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0670
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0670
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0675
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0675
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0675
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0680
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0680
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0680
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0685
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0685
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0685
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0690
http://refhub.elsevier.com/S1364-6613(21)00310-7/rf0690
CellPress logo

	Cluttered memory representations shape cognition in old age
	Older adults store too much information
	Reduced suppression of previously relevant information in memory
	Behavioral evidence
	Neural evidence

	Over-representation of prior knowledge in memory
	Prior knowledge shapes memory patterns in older adults
	Mechanisms of incorporating prior knowledge into memory

	Binding of task-irrelevant information to target information
	Functional outcomes of cluttered memory representations
	Retrieval difficulties
	Potential benefits of cluttered or ‘enriched’ memories

	Concluding remarks
	Acknowledgments
	Declaration of interests
	References




