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Systematic research and anecdotal evidence both indicate declines in episodic memory in older adults in
good health without dementia-related disorders. Several hypotheses have been proposed to explain these
age-related changes in episodic memory, some of which attribute such declines to a deterioration in
associative memory. The current special issue of Psychology and Aging on Age-Related Differences in
Associative Memory includes 16 articles by top researchers in the area of memory and aging. Their
contributions provide a wealth of empirical work that addresses different aspects of aging and
associative memory, including different mediators and predictors of age-related declines in binding and
associative memory, cognitive, noncognitive, genetic, and neuro-related ones. The contributions also
address the processing phases where these declines manifest themselves and look at ways to ameliorate
these age-related declines. Furthermore, the contributions in this issue draw on different theoretical
perspectives to explain age-related changes in associative memory and provide a wealth of varying
methodologies to assess older and younger adults’ performance. Finally, although most of the studies
focus on normative/healthy aging, some of them contain insights that are potentially applicable to
disorders and pathologies.
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Age-related changes in memory have been at the heart of
modern, cognitive aging research for almost a century (e.g., Gil-
bert, 1941; Korchin & Basowitz, 1957; Ruch, 1934). An intriguing
aspect of these changes is their variability. Whereas some memory
abilities decline significantly in old age, others remain fairly con-
stant throughout adulthood. In particular, both systematic research
and anecdotal evidence indicate declines in episodic memory in
older adults in good health without dementia-related disorders,
memory that is about information that is related to a particular time
and place in an individual’s personal history (e.g., remembering
the details of your most recent birthday party). In contrast, seman-
tic memory, involving knowledge of general facts not related to a
particular time and place (e.g., knowing that Lisbon is a city in

Portugal; see Tulving, 1972), seems to remain relatively stable
throughout adulthood (e.g., Park et al., 1996).

Several hypotheses have been proposed to explain age-related
changes in episodic memory, some of which attribute such de-
clines to a deterioration in associative memory. These proposals
are in line with empirical evidence supporting the large and dif-
ferential age-related declines in explicit episodic memory tasks
originally reported 80 years ago in several studies examining the
performance of younger and older adults on a variety of memory
tasks (e.g., Gilbert, 1941). These tasks, if split along those that
require associative memory versus other types of memory (e.g.,
item memory, memory span, paragraph memory), seem to show
large differences between younger and older adults, especially in
those that require the association of several components during
encoding and the retrieval of these bound components (i.e., paired
associates). In particular, older adults in these studies were shown
to perform especially poorly on tasks requiring the associations of
unrelated word pairs and of words in English and Turkish.

One suggestion regarding age-related episodic memory decline—
the associative deficit hypothesis (ADH)—is based on a dominant
view in cognitive psychology that assumes that an episode is
composed of several attributes (semantic, acoustic, contextual),
which are connected together to create a coherent distinctive unit
(e.g., Underwood, 1969). The ADH posits that age-related episodic
memory deficits are partially due to declines in the ability to bind
together the different components of an episode during memory
encoding (i.e., when first attempting to commit information to
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memory) and in the ability to access these bound components
during memory retrieval, while attempting to recall or recognize
memories of events (Naveh-Benjamin, 2000, 2016; see also
Bayen, Phelps, & Spaniol, 2000; Chalfonte & Johnson, 1996; see
also earlier related suggestions, Light, 1992; MacKay & Burke,
1990). The hypothesis encompasses different types of associations,
including those between two items, between item and its source,
and between item and its context, and is supported by a variety of
studies, including several meta-analyses (e.g., Old & Naveh-
Benjamin, 2008; Spencer & Raz, 1995). Other suggestions have
been offered, including the claim that episodic memory declines
are not so much due to an inability to bind the required
information but due in part to older adults’ tendency to bind too
much (hyperbinding), especially irrelevant information (e.g.,
Campbell, Hasher, & Thomas, 2010).

This special issue of Psychology and Aging on Age-Related
Differences in Associative Memory includes 16 contributions by
leading researchers in the field. These contributions provide new
findings on different aspects of associative memory, including
patterns of decline and sparing, heterogeneity in older adults’
associative memory performance, and cognitive and noncognitive
factors that may potentially improve older adults’ associative
memory performance. Furthermore, some of the contributions
provide interesting tests and discussion of several theoretical po-
sitions, mentioned below. Finally, regardless of the preferred the-
oretical perspective, the different articles use a variety of mea-
sures, including behavioral, neuroimaging, and genetic analyses.

In order to introduce the articles, we have chosen to focus below
on some of the central themes uniting them, including mediators
and predictors of associative memory decline, the processing
phases where these declines are manifested, and theories and
hypotheses suggested to explain these declines.

Mediators and Predictors of Associative
Memory Decline

Several of the contributions in the current issue assessed factors
and conditions that may either exacerbate or decrease the deficits
in associative memory demonstrated by older adults. These medi-
ators are potentially related to deficits in executive-strategic pro-
cesses and ways to ameliorate them, as well as to the use of
semantic memory in support of associative memory.

The article by Maylor and Badham (2018) highlights the im-
portance of time of day for associative memory performance.
Following on previous studies implicating circadian rhythm, as a
moderator of age-related differences in memory (e.g., May,
Hasher, & Stoltzfus, 1993), this article shows that older adults’
associative memory deficit is the largest when older adults are
tested at their nonoptimal times and younger adults are tested at
their optimal times. Interestingly, the deficit is minimized when
older adults are tested at their optimal times and young adults at
their nonoptimal times, and the authors suggest that one potential
modulating factor in the effect of time of the day on age-related
associative memory deficits is its effect on strategic/elaborative
encoding (e.g., Naveh-Benjamin, Brav, & Levy, 2007) and on
engaging in recollected processing and strategic retrieval (e.g.,
Cohn, Emrich, & Moscovitch, 2008), both of which are particu-
larly involved in associative memory performance. The article by
Brubaker and Naveh-Benjamin (2018) provides another example

of the potential role of a deficit in strategic/executive processes in
age-related associative deficits by using the concept of stereotype
threat, often discussed in the social psychology literature. The
article demonstrates that instructions (manipulated both within and
between subjects) to participants that are intended to potentially
create or eliminate age-related stereotype threats can modulate
older adults’ associative memory deficits by differentially affect-
ing performance on associative and item memory. In particular, the
age-related associative deficit, which was much smaller under
nonthreatening age-related instructions (in particular, decreasing
older adults’ false alarm rates), is consistent with the interpretation
that stereotype threat affects associative memory by disrupting
strategic executive binding processes at encoding and recollection-
based processes at retrieval.

A number of this issue’s articles extend previous results show-
ing that one way in which older adults can support their associative
episodic memory is by relying on strategic control processes that
can be brought to bear when specific items and associations
between items are given high numerical value. In one of these
articles, Siegel and Castel (2018) examined associations between
objects and their spatial locations when encoding was done either
sequentially or simultaneously. Older adults in these studies
seemed to be able to use the value-based information and improve
their associative memory, although not to the level of younger
adults. In another article, Hennessee, Knowlton, and Castel (2018)
used the point-value paradigm to assess age-related associative
memory for words and their point-value, as well as for more
naturalistic stimuli, including pictures and their associations with
imagined physiological need states and spatial locations. Results
indicated that older adults improved their item memory for high-
value items, as did younger adults, but did not catch up with the
younger adults’ associative memory performance. However, in
contrast to younger adults, older adults were not able to improve
their memory for the contextual elements (e.g., spatial location) of
high-value items. Possibly this is due to the need to create a
complex triple binding (item to point value and to spatial location).
Such complex bindings may require additional, age-sensitive at-
tentional resources (although note that the role of reduced atten-
tional resources in age-related associative deficits is somewhat
uncertain; see Castel & Craik, 2003; Kilb & Naveh-Benjamin,
2007).

Several articles extend previous results (e.g., Castel, 2005;
Naveh-Benjamin, Hussain, Guez, & Bar-On, 2003) in showing
that older adults’ associative episodic memory can be improved by
relying on support of semantic memory (see also schematic sup-
port; Craik & Bosman, 1992). Fine, Shing, and Naveh-Benjamin
(2018) show that age-related differences in product-price associa-
tions, as well as in face-name associations, can be reduced when
older participants are able to use schema-based information related
to the price category (realistic real-world or unrealistic prices of an
object) or to the age category (whether a name fits more a younger
or an older adult) to decrease their high false alarm rate in asso-
ciative relative to item memory. In the same vein, Amer, Gio-
vanello, Grady, and Hasher (2018) show that older adults can
improve their associative memory performance to the level of
younger adults when the association between a product and its
price is based on prior knowledge and real-world realistic price (in
contrast to unrealistic).
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The study by Overman, McCormick-Huhn, Dennis, Salerno,
and Giglio (2018) examines the question of whether age-related
differences are the same regardless of the type of association
(item-item vs. item-context) when the same component stimuli are
used in both tasks and whether congruency between presentation
during study and test can affect these differences. Their results
indicate potential differences between item-item and item-context
associations, with older adults showing a smaller deficit on the
latter, especially under congruent encoding-retrieval conditions.
Potentially, this points to the beneficial role of unitization at
encoding and reinstatement of the prior stimulus configuration at
retrieval.

Related to the potential effects of extended training, Anderson,
Ebert, Grady, and Jennings (2018) provide an interesting demon-
stration of the effect of a 9-day repetition lag training on the
elimination of age-related deficits in source memory, showing that
the benefit of training extends for 3 months after training has
ended. Interestingly, the training seems to have specific effects on
the trained association (e.g., between word and the modality in
which it was presented, auditory or visual) and does not seem to
transfer to the recollection of associations in other tasks. Finally,
the study by Horn, Kennedy, and Rodrigue (2018) looks at par-
ticipants’ subjective memory complaints in a life span sample and
how they are related to observed memory performance. The results
indicate that responses to a subjective memory questionnaire pre-
dict performance well on associative memory tasks involving word
pairs and face-name pairs. This was the case even after taking into
consideration the age, sex, mood, and the APOE ε4 genetic status
of the participants. Interestingly, the subjective complaints were a
particularly strong predictor of performance in the face-name
associative task for the older adults with the APOE ε4 risk group,
and these complaints were more frequent in men with higher
beta-amyloid deposition, potentially indicating that subjective re-
ports may provide a marker for an increased risk for Alzheimer’s
disease.

Processing Phase: Encoding Versus Retrieval

Whereas earlier suggestions for age-related associative memory
deficits concentrated more on binding deficits at encoding (e.g.,
Chalfonte & Johnson, 1996; Naveh-Benjamin, 2000), recent work
shows that at least part of the deficits relate to retrieval processes,
as well (e.g., Cohn et al., 2008; Hertzog, Fulton, Mandviwala, &
Dunlosky, 2013; see also, Jennings & Jacoby, 1997; Light, 2012).
In this vein, although many of the contributions in the special issue
cannot provide a clear indication of whether the observed age-
related patterns are mediated specifically by encoding or by re-
trieval processes, some may be pointing more toward encoding-
related or retrieval-related processes in age-related deficits in
associative memory.

The articles by Siegel and Castel (2018) and by Hennessee et al.
(2018), mentioned above, seem to relate to some degree to age-
related declines during the encoding phase. The manipulation
employed in these studies that involved the assigning of point-
value to the different items/associations during encoding was
probably used by participants in order to encode the items to a
differential degree using different executive control processes,
including additional attention to the items of high point-value and
the binding of item and value, although declines in recollection-

based processes could also be involved. Similarly, although the
article by Brubaker and Naveh-Benjamin (2018) manipulated ste-
reotype threat prior to encoding, and hence it is not clear whether
its effects are only on encoding or also on retrieval processes,
follow-up unpublished work in this lab indicates that the differen-
tial effects of stereotype threat seem to be related more to encoding
than to retrieval processes.

On the other hand, several articles concentrate on the role of
retrieval processes in the age-related associative memory defi-
cit. The above-mentioned article by Amer et al. (2018) uses a
retrieval deadline procedure and shows that age differences in
memory for arbitrary associations can, at least partly, be ac-
counted for by age-related reductions in strategic, controlled
retrieval. Two additional articles look specifically at age-related
retrieval mechanisms and their influence on false memory, a
characteristic aspect of the age-related associative memory
deficits. In a recognition task, this aspect is usually manifested
in a high level of an erroneous endorsement of recombined pairs
as targets (e.g., A-C, when A-B and C-D appeared as pairs
during study). One of these articles, by Fandakova et al. (2018),
assesses retrieval monitoring processes for pairs that were cor-
rectly and incorrectly recalled in a prior session (potentially
reflecting strongly and weakly bound pairs, respectively) while
using functional MRI (fMRI) during retrieval. Results indicate
that both groups falsely recognized more low-quality rear-
ranged pairs but, somewhat unexpectedly, that older adults
showed less reduction in false alarms for strongly bound pairs.
An analysis of fMRI suggests that the level of activity of
cingulo-opercular monitoring processes could be related to
older adults’ potential deficits in selective engagement of mon-
itoring processes during retrieval. Finally, the article by Car-
penter and Schacter (2018) assesses retrieval mechanisms that
help inferential processes, showing that such mechanisms pro-
duce false memories in younger but not in older adults. These
potentially paradoxical results could indicate that older adults
fail to retrieve related episodic or contextual details available in
memory as part of the inference task, which leads to fewer
confusions and reduces later false memories—although a po-
tential failure to encode contextual details in the first place
cannot be ruled out.

The article by Clark, Hazeltine, Freedberg, and Voss (2018)
uses a novel episodic associative learning task that places heavy
demands on relational and associative binding of stimuli pairs
that have overlapping elements. As such, it involves the forma-
tion of flexible representations of new relationships between
elements, which have been suggested to be mediated by the
hippocampus (e.g., Konkel & Cohen, 2009). This study’s re-
sults indicate that older adults learned the stimuli pairs more
slowly and poorly than did young adults. This may reflect an
age-related decline in hippocampal-supported binding processes,
which potentially affect both the encoding and the retrieval of
associations. Finally, the study by Overman et al. (2018), men-
tioned above, provides an example of the involvement of both
encoding and retrieval processes in the age-related associative
deficits by demonstrating the combined role of unitization pro-
cesses during encoding and reinstatement of prior stimulus con-
figuration at retrieval in reducing age-related deficits in item-
context associations.
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Theories

Several of the articles in the current special issue relate to
different theoretical perspectives on age-related differences in as-
sociative memory. As mentioned above, the original framework on
which the ADH is centered was based on and incorporated data
from studies of source memory, context memory, and interitem
associative memory (Naveh-Benjamin, 2000). It suggested differ-
ential deficits of older adults in associating (binding) the different
components of an episode during encoding and the access to the
bound representation during retrieval, in contrast to their some-
what intact ability to encode and retrieve the components of the
episodes. Such a deficit was suggested as an important factor in
older adults’ deficits in explicit episodic memory. In recent years,
several other suggestions have been promoted that attribute the
age-related episodic memory declines, including those of associa-
tive memory, to a single underlying factor that is related to
attentional processes or to distinctiveness of memory representa-
tions.

One such suggestion is that age-related associative memory
declines are due to older adults’ reduced ability to use attentional
control mechanisms, like inhibitory processes, as efficiently as
younger adults (e.g., Hasher & Zacks, 1988), leading to more
irrelevant information entering the focus of attention and resulting
in a tendency to automatically bind too much rather than too little
(as the ADH suggests). The article by Biss, Rowe, Weeks, Hasher,
and Murphy (2018) offers support for the hyperbinding suggestion
by showing that providing older adults with the opportunity to
implicitly rehearse face-name pairs as part of a distractor task
helps them to forget these pairs to a lesser degree in a delayed
memory test, as apparently they cannot ignore these pairings
during the retention interval.

On the other hand, three other articles that looked at hyper-
binding provide mixed and somewhat qualified support for it.
First, the article by McCormick-Huhn, Chen, Wyble, and Den-
nis (2018) looked at binding in working memory using attribute
amnesia to test the limits of both the hyperbinding suggestions
and those of the ADH. Their results did not support the hyper-
binding position at least in some of the conditions, as older
adults, similar to younger ones, did not spontaneously bind
information in working memory when there was no expectation
to utilize the bound representation. The results provided some
support for the ADH, at least in cases when working memory
resources are taxed, which potentially led to more fragile bound
representations in older adults. The article by Campbell and
Hasher (2018) looked at whether younger adults also hyperbind
information when told about the relevance of previously pre-
sented information. The results showed no hyperbinding in
younger adults in any of the conditions. Older adults, on the
other hand, showed hyperbinding under implicit instructions
but did not show such a pattern under explicit instructions to
consider previously presented information. This pattern high-
lights the implicit nature of hyperbinding and potentially qual-
ifies its relevance to explicit memory tasks, for which the ADH
has been applied. Finally, the above-mentioned article by Hen-
nessee et al. (2018), which used value-based information and
looked at its effects on binding of relevant and incidental details
of valuable items, indicates that memory for incidentally asso-
ciated details to valued items was reduced especially in older

adults, who, according to the hyperbinding account, should
have been particularly prone to bind these incidental contextual
details to the valued information.

The article by Stephens and Overman (2018) addresses the
degree to which age-related differential memory deficits in
associative relative to item memory can be explained by a
single factor related to the degradation of information stored in
memory. This suggestion is related to attempts in the cognitive
aging literature to assess whether effects indicating differential
performance patterns for younger and older adults (in the cur-
rent case in associative and item memory performance) must be
explained by specific mechanisms or can be explained by a
more general mechanism. A recent debate of this issue was
presented in several articles of Psychology and Aging, contrast-
ing the DRYAD (Density of Representations Yields Age-
related Deficits; Benjamin, 2016) and the ADH approaches
(Smyth & Naveh-Benjamin, 2016; Naveh-Benjamin & Smyth,
2016). Applying the REM model (Retrieving Effectively from
Memory; Shiffrin & Steyvers, 1997), the article by Stephens
and Overman (2018) analyzes data from several experiments
and provides evidence implying that specific age-related asso-
ciative deficits can at least partially be attributed to more
general mechanisms, potentially related to older adults having
fewer informative or diagnostic features with which to represent
stimuli in memory. However, it remains to be seen whether this
model can account for the range of critical experimental effects,
including, for example, the pattern of secondary-task effects,
which has been proven particularly challenging for global-
deficit theories (Naveh-Benjamin & Smyth, 2016).

Summary

The articles in the special issue deepen our understanding of
age-related differences in memory and demonstrate that the
focus on age-related differences in associative memory has
been very productive for cognitive aging research. At the same
time, these articles help to identify existing gaps in our knowl-
edge and to stimulate further research to fill these gaps. For
example, essentially all employed a cross-sectional design and
hence assessed age-related differences in memory. These
should be supplemented by studies using longitudinal designs
that would allow inferences regarding age-related changes in
memory (Schaie, 1967). Furthermore, although these studies
shed some light on the different phases of processing affected in
tasks involving associative memory, the studies mostly relate to
encoding and retrieval processes, leaving a gap in our knowl-
edge of the role of age-related differences during the retention
and consolidation of associative information. In addition, some
issues that seem somewhat unsettled, like the processing phase
mediating the age-related associative memory deficit, can be
informed by further brain imaging studies that can help in
pinpointing and providing converging evidence on the specific
processes that are affected by age. Finally, in line with some of
the studies appearing in this issue, further studies should look at
potential ways to help older adults improve their associative
memory and their performance on other tasks that rely on
it.
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