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a b s t r a c t
Our aim in this paper is to bring attention to the applied value of collaborative memory research in aging.
At this time, much collaborative memory research focuses on the negative effects of collaboration in
younger adults, and is primarily basic in nature. Here, we highlight the positive effects of collaboration
that have received less attention, with a particular emphasis on the applied value of these effects in
older adults. We ﬁrst review studies to show that recalling in a group improves later individual recall and
reduces memory errors in older adults. We then outline a four-step approach towards bridging laboratory
and applied collaborative memory research, which involves: (1) complementing traditional paradigms
with more ecologically valid paradigms, (2) evaluating these paradigms in applied settings, (3) adapting
these paradigms for use with cognitively intact and cognitively impaired populations, and (4) modifying
these paradigms to examine the neural systems that operate during collaborative recall.
© 2013 Society for Applied Research in Memory and Cognition. Published by Elsevier Inc. All rights
reserved.

Remembering is typically studied as a solitary activity that takes
place in a laboratory setting. Yet, remembering often occurs in
collaboration with family members and friends, at home and in
the local grocery store. In the past 15 years, research has started
to uncover the cognitive processes associated with collaborative
remembering (for reviews see: Barnier & Sutton, 2008; Barnier,
Sutton, Harris, & Wilson, 2008; Harris, Paterson, & Kemp, 2008;
Hirst & Manier, 2008; Rajaram, 2011; Rajaram & Pereira-Pasarin,
2010; Weldon, 2001). This research has informed us about the
costs as well as the beneﬁts of collaborative remembering in
both younger (Basden, Basden, Bryner, & Thomas, 1997; Basden,
Basden, & Henry, 2000; Basden, Reysen, & Basden, 2002; Blumen
& Rajaram, 2008; Blumen & Rajaram, 2009; Congleton & Rajaram,
2011; Roediger, Meade, & Bergman, 2001; Weldon & Bellinger,
1997) and older adults (Blumen & Stern, 2011; Henkel & Rajaram,
2011; Johansson, Andersson, & Rönnberg, 2000a, 2000b; Meade
& Roediger, 2009; Ross, Spencer, Blatz, & Restorick, 2008; Ross,
Spencer, Linardatos, Lam, & Perunovic, 2004).
In this paper, we aim to bring attention to the applied value
of collaborative memory research in older adults and to offer speciﬁc recommendations for future research and applications. To this

∗ Corresponding author at: Albert Einstein College of Medicine, 1165 Morris Park
Avenue, Room 434, Bronx, NY 10461, United States. Tel.: +1 718 430 3810.
E-mail addresses: helena.blumen@einstein.yu.edu, helenablumen@gmail.com
(H.M. Blumen).

end, we provide a review of the collaborative memory literature
that is necessarily selective, with the aim to summarize the costs
of collaborative remembering in aging, and more importantly, to
highlight the observed beneﬁts of collaborative remembering in
aging that have not received their due attention. We then advance
recommendations for future research that can be ultimately used
to develop successful interventions to compensate for age-related
memory decline. Finally, we discuss the applied value of and the
particular challenges associated with examining the neural systems
that operate during collaborative remembering.
Based on this targeted review and discussion, we propose a
four-step approach towards examining the cognitive processes that
operate during collaborative remembering in aging. The main aim
of this approach is to improve memory performance in aging rather
than understand the process by which people reach consensus or
form shared or collective memories for past experiences. We recognize – and discuss in a section – the relevance of these issues for
understanding collaborative remembering in aging as well, having studied it ourselves in normal aging (e.g. Henkel & Rajaram,
2011). But here we target memory improvement per se so as to
triangulate basic and applied research, neural underpinnings relevant to aging, and possible applied interventions on one focused
question. This targeted approach has the potential to generate a
comprehensive set of evidence-based recommendations for use in
applied settings (see Fig. 1). The ﬁrst step of this approach is to
complement traditional word-list memory paradigms with ecologically valid memory paradigms. The second step of this approach
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Fig. 1. A four-step approach towards bridging laboratory and applied collaborative memory research.

is to evaluate and further develop these memory paradigms for use
in applied settings. The third step of this approach is to adapt these
paradigms for use with a more diverse range of cognitive abilities in older adults and clinical populations that exhibit memory
impairments. Finally, the fourth step of this approach is to modify these paradigms to examine the neural systems that operate
during collaborative recall. Another critical feature of this fourstep approach is that theoretically driven laboratory research and
ecologically valid applied research proceed hand in hand, thereby
advancing and capitalizing on the reciprocal knowledge to enhance
both arms of research.
1. Costs of collaborative remembering
In the standard collaborative memory paradigm, individuals
study a list of words, pictures, or a story, and then they are asked
to recall this information either alone or in groups of individuals
working together, that is, collaborative groups. Collaborative group
recall is then contrasted with nominal group recall, which is the
non-overlapping information recalled by the same number of individuals working alone (see Fig. 2). A counterintuitive yet typical
ﬁnding in this paradigm is that collaborative group recall is lower
than nominal group recall. This is a robust and consistent ﬁnding,
and it is characterized as a cost of collaboration. This cost is referred
to as collaborative inhibition (Weldon & Bellinger, 1997) because it
tells us that there is something about the presence of others that is
causing individuals to recall less information than when recalling
alone. Collaborative inhibition reliably occurs in both younger (e.g.
Basden et al., 1997; Blumen & Rajaram, 2008; Congleton & Rajaram,
2011; Weldon & Bellinger, 1997) and older adults (Blumen & Stern,
2011; Henkel & Rajaram, 2011; Johansson, Andersson, & Rönnberg,
2000a, 2000b; Johansson, Andersson, & Rönnberg, 2005; Meade &
Roediger, 2009; Ross et al., 2008; Ross et al., 2004).
The collaborative costs associated with group recall are commonly considered to be caused by a mechanism known as retrieval
disruption (Basden et al., 1997). Speciﬁcally, seeing or hearing the
other group members’ responses disrupts the way each individual prefers to organize their retrieval sequence, thereby lowering
individual contributions during group recall (Basden et al., 1997;
Wright & Klumpp, 2004). Given that retrieval organization is

weaker among older than younger adults (Howard, McAndrews, &
Lasaga, 1981; Sanders, Murphy, Schmitt, & Walsh, 1980; Taconnat,
Froger, Sacher, & Isingrini, 2008; Verhaeghen & Marcoen, 1994;
Witte, Freund, & Brown-Whistler, 1993); although see (Basden,
Basden, & Bartlett, 1993) for an exception), it seems reasonable
to expect that older adults would be more susceptible to retrieval
disruption during group recall than younger adults. However, it is
also reasonable to postulate instead that older adults would be less
susceptible to retrieval disruption during group recall than younger
adults. This is because when retrieval organization is weakened by
asking participants to divide their attention between studying new
information and simultaneously performing another cognitive task
(a divided attention manipulation), collaborative inhibition diminishes in young adults (Pereira-Pasarin & Rajaram, 2011). This result
suggests that when memory organization in place is already weak,
as it typically is in older adults, there might be less to disrupt compared to the default levels of organization young adults typically
possess. While both of these competing hypotheses are reasonable, extant data for older adults suggest that levels of collaborative

Fig. 2. Cost of collaboration: collaborative group recall is lower than nominal group
recall.
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inhibition during group recall do not increase or decrease with age,
but are similar in younger and older adults for a variety of memorized information such as unrelated words (Blumen & Stern, 2011),
categorized words (Henkel & Rajaram, 2011; Meade & Roediger,
2009), and household scenes (Ross et al., 2008). Future research
is necessary to spell out the speciﬁc relationship between collaborative inhibition, retrieval organization and aging, but the fact
that the collaborative costs associated with group recall are not
ampliﬁed with age, regardless of the nature of the study material,
is encouraging for future development of collaborative memory
interventions that can compensate for age-related memory decline.
For the purpose of developing interventions, it is also important
to note that the collaborative costs associated with collaborative
recall are temporary (Congleton & Rajaram, 2011; Finlay, Hitch, &
Meudell, 2000; Takahashi & Saito, 2004), and they are restricted to
recall of recently learned (or episodic) information (Andersson &
Rönnberg, 1996; Weldon, 2001). For example, collaborative inhibition is absent when a 2-h (Congleton & Rajaram, 2011) or 1-week
(Takahashi & Saito, 2004) delay is inserted between the study phase
and the recall phase. Furthermore, the information that is lost during collaborative recall is largely recovered during later individual
recall when individuals can resume their individual retrieval organization, although some forgetting persists (Cuc, Koppel, & Hirst,
2007: Finlay et al., 2000). Collaborative inhibition is also absent
during recall of pre-existing (or semantic) information such as historical events (Andersson & Rönnberg, 1996) or general knowledge
(Weldon, 2001). In brief, costs of collaborative recall in older adults
are no greater than those observed for young adults, and evidence
from young adults’ further shows that collaboration costs are not
long lasting.

2. Beneﬁts of collaborative remembering
Collaborative memory researchers have typically focused on
the costs associated with collaborative recall, but collaboration
also produces memory beneﬁts (Rajaram & Pereira-Pasarin, 2010).
These beneﬁts are noteworthy when considering practical applications that could help older adults. A key point to keep in
mind here is that the beneﬁts of collaborative remembering typically emerge during post-collaborative individual recall – that is,
when the putative beneﬁts are no longer overshadowed by the
costs of retrieval disruption (Blumen & Rajaram, 2008; Blumen &
Stern, 2011; Congleton & Rajaram, 2011; Henkel & Rajaram, 2011;
Weldon & Bellinger, 1997). In fact, recent research has shown that
following collaborative recall, both younger (Blumen & Rajaram,
2008; Blumen & Rajaram, 2009; Blumen & Stern, 2011; Congleton
& Rajaram, 2011; Henkel & Rajaram, 2011; Weldon & Bellinger,
1997) and older adults (Blumen & Stern, 2011; Henkel & Rajaram,
2011) recall more information when subsequently remembering
alone than they do following individual recall; although see (Meade
& Roediger, 2009) for an exception. For example, both younger
and older adults individually recall more information following
repeated collaborative recall trials than they do following repeated
individual recall trials; see Fig. 3 (Blumen & Rajaram, 2008; Blumen
& Stern, 2011).
Re-exposure and cross-cuing beneﬁts. The collaborative beneﬁts associated with post-collaborative individual recall are likely
caused by re-exposure (Blumen & Rajaram, 2008; Weldon &
Bellinger, 1997) and cross-cuing (Blumen & Rajaram, 2008; Blumen
& Stern, 2011; Congleton & Rajaram, 2011; Meudell, 1996; Meudell,
Hitch, & Boyle, 1995; Meudell, Hitch, & Kirby, 1992). Speciﬁcally,
during collaborative recall the information contributed by other
group members provides re-exposure to information that individuals would not have recalled alone, thus serving in essence as an
additional study session. For example, in everyday life a family
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Fig. 3. Beneﬁt of collaboration: individual recall is greater following collaborative
group recall than individual recall.

member can recall information about last week’s family dinner that
you yourself did not remember, but during collaborative remembering, you are re-exposed to this information and, consequently,
more likely to remember this information at a later point in time.
The information contributed by other group members can also
provide information that serve as retrieval cues (cross-cues) for
recalling other information that the listening individuals would not
have recalled if they were attempting the recall alone. Following
that same example, a family member can recall information about
last week’s dinner that triggers your memory for information that
would not have been available to you without the information provided by the other family member that served as a retrieval cue. In
other words, during collaborative recall, re-exposure affords additional study opportunities, and cross-cuing affords additional recall
opportunities.
It is difﬁcult to isolate the independent operation of re-exposure
and cross-cuing that occurs during collaboration despite their
distinct nature. This is because these processes can operate concurrently and are often not independent: As re-exposure increases,
the opportunities for cross-cuing increase as well because more
cues become available to aid retrieval. The opposite can also be
true because as cross-cuing elicits more responses, group members receive re-exposure to additional items that would have
remained otherwise unretrieved. In this intimate relationship, the
consequences of cross-cuing express themselves in terms of items
recalled that produce re-exposure beneﬁts, and this may be one
reason why collaborative beneﬁts, observed during later individual recall, are typically attributed to re-exposure (Basden et al.,
2000; Blumen & Rajaram, 2008; Blumen & Stern, 2011; Congleton &
Rajaram, 2011; Henkel & Rajaram, 2011; Weldon & Bellinger, 1997)
rather than to cross-cuing.
The robust and widely reported phenomenon in individual
memory research called the testing effect (Karpicke & Roediger,
2008; Roediger & Karpicke, 2006) bears in interesting ways on
this discussion regarding re-exposure and cross-cuing during collaborative recall. Speciﬁcally, the testing effects literature shows
that repeated study opportunities are critical for short-term retention while repeated recall opportunities are critical for long-term
retention. Given our hypothesis that re-exposure is similar to additional study opportunities and cross-cuing is similar to additional
retrieval opportunities, we propose – and discuss evidence to
support – the idea that re-exposure is critical for short-term postcollaborative individual recall whereas cross-cuing is critical for
long-term post-collaborative individual recall.
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The distinction between re-exposure and cross-cuing is also
important to consider because these two phenomena could have
different effects on later individual recall in younger and older
adults. For example, it is possible that older adults are better able
to use the information provided by other group members as cues to
trigger additional recall, even though their overall recall and, consequently, the re-exposure beneﬁts they experience are lower than
younger adults. For instance, in individual recall paradigms older
adults show lower overall recall, a well-established episodic memory deﬁcit (Zacks & Hasher, 2006), but their age-related memory
deﬁcits are typically reduced when cues are provided during recall
(Craik, Byrd, & Swanson, 1987; Craik & Mcdowd, 1987). Consistent
with these ﬁndings, in collaborative recall paradigms older adults
show lower post-collaborative recall beneﬁts compared to young
adults shortly following collaboration (Henkel & Rajaram, 2011; see
also (Blumen & Stern, 2011), for a trend in this direction), and yet
their post-collaborative recall beneﬁts are similar a week following
collaboration (Blumen & Stern, 2011).
Extrapolating the above ﬁndings to the long-term consequences
of re-exposure versus cross-cuing in older adults, preliminary
ﬁndings support the proposition that cross-cuing produces more
long-term beneﬁts compared to re-exposure (Blumen & Stern,
2011; Henkel & Rajaram, 2011) – a pattern that needs to be
conﬁrmed and extended. Speciﬁcally, while collaborative beneﬁts on later individual recall are attenuated among older than
younger adults following a single collaborative recall trial (Henkel
& Rajaram, 2011), they are similar among younger and older adults
following repeated collaborative recall trials (Blumen & Stern,
2011). In other words, the re-exposure that occurs during a single
collaborative recall trial is attenuated among older than younger
adults, while the cross-cuing that occurs during repeated collaborative recall trials are similar (or greater) among older than younger
adults. In fact, it is possible that repeated collaborative recall trials
are necessary in order to observe long-term collaborative beneﬁts
on later individual recall in both younger and older adults. This
is because collaborative beneﬁts following a single collaborative
recall trial are sometimes absent in younger adults after a 2-min
(Finlay et al., 2000), 3-min (Meade & Roediger, 2009; Meudell et al.,
1995), or 5-min delay (Blumen & Rajaram, 2008). These are intriguing possibilities to test in future research.
Error pruning beneﬁts. Increasing the amount of information
remembered is one obvious way to improve one’s memory, but
memory improvements also come from making fewer errors in
what we remember. There is emerging evidence that collaboration
not only can improve the quantity of what we correctly remember,
but also reduce the errors that we make. Several factors determine when such error-pruning beneﬁts of collaborative recall may
be observed; see (Rajaram & Pereira-Pasarin, 2010) for a review.
These factors include the method of interaction during collaboration (Barber, Rajaram, & Aron, 2010; Basden et al., 1997; Harris,
Barnier, & Sutton, 2011; Harris, Barnier, & Sutton, 2013; Meade &
Roediger, 2009; Thorley & Dewhurst, 2009; Weldon & Bellinger,
1997), the nature of study materials (Thorley & Dewhurst, 2009),
the types of relationships that the collaborators share, such as
couples versus strangers (French, Garry, & Mori, 2008; Meade &
Roediger, 2009; Peker & Tekcan, 2009; Takahashi, 2007), the false
recall levels (Ross et al., 2008), and the size of the groups that collaborate (Thorley & Dewhurst, 2009). For example, with respect to the
method of interaction, when group members used a free-ﬂowing
method of conversation where any of the members can speak at
any time, members can freely agree with or correct each other, and
in general use their own methods for ﬁnalizing the output of their
recall efforts, memory errors are signiﬁcantly reduced compared
to when individuals work alone (nominal groups), or when individuals collaborate in a strictly turn-taking fashion (Barber et al.,
2010). Memory errors are also reduced when group members are

instructed to reach consensus during collaboration (Harris, Barnier,
et al., 2011), and when they are instructed to encode information
together (shared encoding) prior to collaboration (Harris, Barnier,
& Sutton, 2013).
The role of the type of relationship that exists between collaborators is particularly relevant for understanding how older
adults might behave during collaborative recall in making memory
errors. Speciﬁcally, older adults often collaborate with known others (spouses, children, caregivers) and less so with strangers. How
this factor would interact with the type of collaborative patterns
and the type of information to be remembered could make a big
difference in whether or not older adults would show an increase
or a decrease in false recall. Sparse laboratory evidence is currently
available on this issue (Henkel & Rajaram, 2011; Ross et al., 2008),
though it has been shown that in some circumstances older adults
can demonstrate error-pruning during collaboration. Clearly, this
is also an area that is ripe for targeted investigation.
Beneﬁts of shared memories and transactive memory. Another
beneﬁt that can occur following collaboration is the emergence
of shared or overlapping memories. Such “collective” memories
are considered an important part of people’s individual and group
identities (Coman, Manier, & Hirst, 2009; Cuc et al., 2007; Cuc,
Ozuru, Manier, & Hirst, 2006; Hirst & Manier, 2008; Reese & Fivush,
2008; Stone, Barnier, Sutton, & Hirst, 2010; Wang, 2008) though, to
date, only one laboratory study has examined collective memory
in older adults. In that study, it was found that both younger and
older adults who had earlier recalled collaboratively showed more
overlap in their responses during later individual recall than did
people who earlier recalled individually (Henkel & Rajaram, 2011).
The emergence of collective memory following collaboration with
strangers on standard laboratory word-list tasks has great potential
when considering everyday life tasks where personal relationships
and sense of belonging and afﬁliation can be even stronger. Many
simultaneous processes can be at play in producing shared memories, including partners being re-exposed to memories that are
recounted by others while individuals selectively forget their own
memories to align with other people’s renditions.
In a related but distinct phenomenon, the negative effects of
collaboration can be offset by the nature of the relationship that
exists between collaborators, particularly when they rely on transactive memory systems. Unlike collective memories that represent
memories that all participating members share, transactive memory refers to the phenomenon where individuals hold different sets
of memories, but each participating member is aware of the knowledge that others possess. They can thus “transact” their memories
among themselves (e.g. I don’t know where the household tools are
stored but I know that my partner knows), and together they know
much more than what they know individually (Wegner, 1987).
Consistent with this form of collaborative beneﬁt, older adults
collaborating with a spouse typically remember more than when
they collaborate with a stranger (Dixon & Gould, 1998; Johansson
et al., 2005); though some work has not found this to be the
case (Gagnon & Dixon, 2008; Gould, Osborn, Krein, & Mortenson,
2002). In addition, older married couples who both reported that
they used a transactive memory system – that is, they claimed
they developed their own special system of cues and communication techniques to help each other remember – remembered as
much as did nominal pairs, thus eliminating collaborative inhibition (Johansson, Andersson, & Rönnberg, 2000a, 2000b). Likewise,
older married couples who reported that they divided up responsibility for daily memory tasks remembered as much as did nominal
groups (Johansson et al., 2005).
Beliefs about the beneﬁts of collaboration on remembering. Beneﬁts of collaboration for older adults can also be seen in the positive
views people express about collaboration and its impact on memory. In a questionnaire following collaborative or individual recall,
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both younger and older adults reported similar, positive beliefs
about the value of collaboration on memory tasks in everyday life
(Henkel & Rajaram, 2011). Speciﬁcally, both age groups viewed collaboration to be more beneﬁcial for memory than remembering
alone; see also (Dixon & Gould, 1998). Moreover, while older adults
reported collaboration to be beneﬁcial regardless of their familiarity with the collaborators, they also admitted a stronger preference
for working alone to working with others; this seemingly counterintuitive preference may be tied to issues about independence,
self-worth, and self-efﬁcacy.
In other studies where people were actually tested with their
spouses rather than with strangers, older adults showed a preference for their spouses as partners (Gagnon, 1995, cited in Dixon,
Gagnon, & Crow, 1998). In that study, both young and older married couples rated their general memory performance as a couple
to be greater than when working alone or with a stranger. In fact,
the relative perceived spouse advantage was rated much higher
by older than younger adults. A content analysis of comments on
the advantages and disadvantages of different collaborative partners also showed that many older adults felt very strongly about
being able to rely on their spouse to aid memory and that their
spouse’s memory strengths and weaknesses complemented their
own (suggesting the use of a transactive memory system). For both
age groups, collaborating with a friend was rated as more effective
than remembering alone, but working alone was viewed to be more
effective than collaborating with a stranger. Thus, not all collaborative remembering scenarios are viewed as equally advantageous,
and people consider varying levels of familiarity when rating the
potential value and contributions of others.

3. Summary
A number of studies completed within the last 15 years have
shown that both younger and older adults contribute less information during collaborative recall than they do during individual
recall, regardless of the nature of study materials. Fortunately,
much of these collaborative costs is temporary and is not ampliﬁed with age. The beneﬁts of collaborative recall on later individual
recall remain relatively unexplored in older adults despite their
practical implications, but the initial ﬁndings are promising for
the development of cognitive interventions that involve collaboration to improve memory in aging. Both younger and older adults
individually recall more information following collaborative recall
than following individual recall. A single collaborative recall trial
likely generates short-term collaborative beneﬁts on later individual recall by providing re-exposure to information that individuals
would not have recalled alone. Repeated collaborative recall trials
likely generate long-term collaborative beneﬁts on later individual recall by not only strengthening re-exposure but, critically,
by also providing cross-cues to information that they would not
have recalled alone. Collaborating with others during recall also
reduces errors in memory performance because of the potential
inﬂuence of, among other factors, the nature of study materials,
the instruction to reach consensus, and the type of relationship
that exists between the collaborators (e.g. stranger, friend, or
spouse). Collaborating with others during recall also results in the
emergence of, (a) collective or shared memories, which are an
important part of people’s individual and group identities and by
inference a sense of belongingness, and (b) a transactive memory
system that non-redundantly expands the amount of information
jointly held by collaborative partners. Finally, surveys about beliefs
show that people consider collaboration to produce memory gain
especially when the collaborating partner is familiar and close to
them. Together, these intriguing, but preliminary, ﬁndings prime
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questions for future research on identifying the collaboration processes that can maximally improve older adult’s memories.

4. Recommendations for future research
Outlining the positive mechanisms that operate during collaboration is important for providing speciﬁc recommendations for
the development of cognitive interventions that involve collaboration in aging. In fact, a shift from a focus on the collaborative costs
associated with collaborative recall in younger adults to a focus
on the collaborative beneﬁts associated with later individual recall
in older adults is necessary in order to provide a comprehensive
set of evidence-based recommendations. As is evident from the
selective literature review above, collaborative memory research
to date is primarily laboratory-based and theoretical. However, it
is important to not overlook the applied value of this research in
aging, and to develop a formal approach to collaborative memory
research that identiﬁes ways to bridge the gap between theory and
application (see Fig. 1).
Individuals face decline in different aspects of their cognitive
functioning as they age, but one of the most distinctive characteristics of cognitive aging is a decline in memory of past experiences
(Zacks & Hasher, 2006; Zacks, Hasher, & Li, 2000). Such age-related
memory decline is of key concern to older adults (Newson &
Kemps, 2006) and is often more evident during recall than during recognition; e.g. (Craik et al., 1987; Craik & Mcdowd, 1987).
This is presumably because recall, unlike recognition, involves
relatively more strategic or executive processes (e.g. semantic organization of the to-be-remembered information) subserved by the
prefrontal cortex, an area of the brain that is particularly affected
by aging; i.e. the frontal lobe hypothesis of aging (Davidson, Troyer,
& Moscovitch, 2006; Moscovitch, 1995; Shimamura, Janowsky, &
Squire, 1990; West, 1996).
Older adults make use of different strategies to compensate
for age-related memory decline, including increased reliance on
external memory aids, increased time and effort when trying to
remember, and greater use of intentional mnemonic strategies
(Dixon, de Frias, & Bäckman, 2001). Collaborating with others during recall is a resource that can be readily available with essentially
no economic cost to older adults facing cognitive decline, and
with the social beneﬁts of, at a minimum, the company of others.
Epidemiological evidence also suggests that age-related memory
decline is slower among socially active older adults (Ertel, Glymour,
& Berkman, 2008), but a speciﬁc set of social activities that can be
used to maintain or improve memory in the elderly has not yet
been identiﬁed. The initial ﬁndings reviewed above suggest that
collaborative recall is a social activity that can be used to maintain
or improve memory in the elderly, and point to the development
of interventions that involve collaboration. At this time, however, many memory interventions aimed at older adults involve
individual training in the use of one or more mnemonic strategies (e.g. imagery and or method of loci) and typically generate
very limited beneﬁts on subsequent memory performance (Rebok,
Carlson, & Langbaum, 2007; Verhaeghen, Marcoen, & Goossens,
1992). More speciﬁcally, any beneﬁts from training older adults
to use a mnemonic strategy are generally limited to the previously
trained mnemonic strategy (Verhaeghen et al., 1992). Hence, identifying collaborative recall situations that are especially beneﬁcial
for older adults is imperative.
Complementing with ecologically valid collaborative memory
paradigms. Identifying collaborative recall situations that are
particularly beneﬁcial for older adults not only with standard laboratory stimuli such as word lists, but also with more ecologically
valid stimuli such as the contents of a shopping list or a conversation
during a family dinner, is a necessary ﬁrst step towards translating
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this research for applied settings. Some researchers have already
initiated this ﬁrst step (Harris, Keil, Sutton, Barnier, & McIlwain,
2011; Johansson, Andersson, & Rönnberg, 2000; Ross et al., 2004).
The naturalistic shopping task used by Ross and colleagues (Ross
et al., 2004), for example, was developed to study collaborative
memory in the everyday world. In this study, older married couples were asked to recall items from a shopping list while they were
shopping in a local supermarket. In line with laboratory ﬁndings,
couples experienced collaborative inhibition in this naturalistic
task: Couples that shopped together recalled fewer items than
when the two members of the couple shopped separately from each
other. This naturalistic shopping task could be extended to examine
the post-collaborative effects on later individual recall, for example, if couples produced (recall) their shopping list together prior
to sending one to the store to do the actual shopping, will the individual that goes shopping recall more information than if they did
not engage in collaborative production and recall?
The personal list recall task of recalling names of persons in
their Rotary club and the autobiographical recall task of recalling
shared events such as their ﬁrst date used by Harris and colleagues
(Harris, Keil, et al., 2011), was also developed to study collaborative memory in the everyday world. In this study, older married
couples completed these naturalistic memory tasks and a traditional word list memory task called the Hopkins Verbal Learning
Test-Revised; HVLT-R; (Benedict, Schretlen, Groninger, & Brandt,
1998) ﬁrst alone, and then together as a couple in their home.
Overall, and across memory tasks, couples displayed collaborative
facilitation (collaborative groups recalled more information than
nominal groups) rather than collaborative inhibition – particularly
couples that cued each other to remember additional information.
This ﬁnding is inconsistent with what was observed on the naturalistic shopping task and with the traditional word-list memory
tasks in other studies, but is relevant for the future development
of naturalistic memory tasks that involves collaboration. The presence of collaborative facilitation and the absence of collaborative
inhibition in this study could also be due the fact that older adults
were tested in their home rather than in a populated supermarket or an unfamiliar laboratory setting, a hypothesis that needs to
be tested in future studies to identify the exact factors – and the
interactions – that cause inhibition versus facilitation in collaborative recall. Post-collaborative individual recall was not examined
by Harris, Barnier, et al. (2011) and Harris, Keil, et al. (20l1), but their
naturalistic memory tasks could be extended for this purpose.
Another study using naturalistic collaborative remembering
tasks for older adults included both a prospective memory task and
a retrospective memory task (Johansson, Andersson, & Rönnberg,
2000a, 2000b). The retrospective memory task involved subjects
recalling information given on a visit to a university campus (e.g.
the location of buildings, information about a department). The
prospective memory task involved subjects having to remind the
tour guide to perform a given action at certain locations or times
during the campus tour (both event-based and time-based). Older
adults were tested alone, with a spouse, or with an older adult
stranger. Analyses compared nominal pairs comprised of the recall
outputs of two individuals tested alone with the recall outputs of
spouse and stranger tested in pairs. Results showed that on both
the retrospective and prospective memory tasks, the nominal pairs
remembered more than the married couples, who remembered
more than the pairs of strangers. However, married couples who
reported using a transactive memory system remembered as much
as the nominal pairs did. Young adults were not tested in this study;
thus comparisons across age groups were not possible.
As more collaborative memory tasks involving naturalistic, everyday life content are developed and extended to
assess post-collaborative individual recall, more speciﬁc questions
regarding the efﬁciency of collaborative memory training could be

systematically addressed and compared to the results from traditional word-list tasks. For example: What is the most efﬁcient
form of interaction (e.g. free-ﬂowing or turn-taking; at a training center or at home)? How large should the training group be?
What role does the relationship between collaborators (strangers,
friends, couples) play? How long should the group intervention
last, and how involved should the family, caregiver, friend, or
therapist be? Does improvement following collaboration transfer to non-practiced information, other situations, or even overall
memory functions? Many of these questions are relevant to the
development of any group memory intervention (Wilson, 2009)
and cognitive interventions in general; for a review see (Hertzog,
Kramer, Wilson, & Lindenberger, 2008) However, it is important
to note that the interventions that could be developed from collaborative memory research are different from the typical group
memory intervention, which involves training older adults in the
use of some mnemonic strategies in a group setting rather than
alone. In fact, the collaborative memory interventions that could be
developed from this research would involve collaborative retrieval
practice in social settings where older adults have shared experiences. For example, elderly adults who attend the same art history
course at a local museum could be asked to complete a group activity or an individual activity about the course material at the end of
each class. Upon the completion of this course, an individual recall
task for the information covered in the course as well as for details
about other course attendees (e.g. names, hair-color, and interests)
could then be administered. This ﬁnal individual recall task would
not only tell us whether a group activity improves retention for the
course material to a greater extent than an individual activity, but
also whether such beneﬁts transfer to the retention of unpracticed
information such as the details of other course attendees. Depending on the results of such a naturalistic study, instruction practices
for older adults could be adjusted or re-structured.
Evaluating collaborative memory paradigms in applied settings.
Another step towards bridging the gap between theoretical and
applied collaborative memory research is to examine the effects
of collaboration on later individual memory in non-laboratory
settings such as independent senior living situations, naturally
occurring retirement communities (NORCs; Hunt & Gunter-Hunt,
1986), and nursing homes. Laboratory ﬁndings could then be conﬁrmed and research designs could be modiﬁed or developed to
identify collaborative recall situations that are particularly beneﬁcial and useful to older adults. Given the initial ﬁndings of
collaborative facilitation rather than inhibition in older couples
recalling in their homes that was discussed earlier (Harris, Keil,
et al., 2011), it is possible that the positive effects of collaboration
on later individual memory that we observe in the laboratory may
be underestimated. Within the United States alone, according to
the United States Census Bureau (2010), approximately 1.3 million or 3.1% of older adults (65 years and older) reside in skilled
nursing facilities. In addition, the American Association for Retired
Persons (AARP) estimates that more than one fourth of U.S. adults
above 60 years of age reside in NORCs. So clearly, interventions that
involve collaboration to improve memory in aging are feasible, and,
if successful, could impact a large number of older adults. Elderly
individuals residing in NORCs likely represents a successful population for targeted intervention, however, both elderly individuals
who reside in nursing homes and NORCs share many day-to-day
experiences (e.g. they eat together, they swim together, they watch
movies and go on trips together). Thus, integrating group discussion sessions towards the end of the day (that are structured and
capitalize on previous ﬁndings from the laboratory) could be a way
to improve their memory for day-to-day experiences.
Adapting collaborative memory paradigms for clinical populations. Identifying collaborative recall situations that can maximally
beneﬁt not only cognitively healthy older adults but also
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cognitively impaired older adults is a third step that could further the impact of this research. Mild Cognitive Impairment or
MCI (Petersen, 2004; Petersen et al., 2009; Petersen et al., 1999),
for example, is characterized as reduced cognitive functioning in
one or more cognitive domains (i.e. executive function, memory, language, visuo-spatial) coupled with intact daily functioning.
Moreover, MCI is generally considered to be an intermediate
stage to Alzheimer’s disease and other forms of dementia. Individuals diagnosed with amnestic MCI (aMCI) show reduced memory
functioning, while individuals diagnosed with non-amnestic MCI
(naMCI) show reduced functioning in one or more other cognitive
domains. This distinction between aMCI and naMCI is important
to consider because the conversion rate to Alzheimer’s disease is
greater among individuals with aMCI than naMCI (Fischer et al.,
2007) and, for the purposes of this paper, because a collaborative
memory intervention could be particularly suitable and effective in
individuals with aMCI.
Finally, it is important to note that older adult participants in
many collaborative memory studies are not properly screened (or
the studies do not report whether they screened) participants for
the presence of MCI or Alzheimer’s disease. In other words, it is
possible that some of the “cognitively healthy” older adult participants included in previous studies would fulﬁll the criteria for
aMCI. Interdisciplinary collaboration will be critical for developing
carefully designed studies for aMCI and other clinical populations.
Regarding developing future studies of cognitively healthy older
adults, dementia screening will be critical to rule out that the
presence or absence post-collaborative beneﬁts on later individual
recall is not due to some form of dementia. There are many reliable and validated methods for dementia screening that takes only
15–20 min to administer. For example, the Mattis’ Dementia Rating
Scale (Mattis, 1976), which can be administered in person, and the
Memory Impairment Screen (Buschke et al., 1999; Verghese et al.,
2003), which can be administered over the phone.
Modifying collaborative memory paradigms for neuroimaging.
The fourth step towards bridging theoretical and applied collaborative memory research is to modify our collaborative memory
paradigms to examine the neural systems that operate during
collaborative recall. At this time, no studies have examined the
neural systems associated with collaborative recall in younger or
older adults (although, see (Edelson, Sharot, Dolan, & Dudai, 2011)
for a recent study of the neural systems associated with memory conformity in younger adults’ recognition judgments using the
functional magnetic resonance imaging technique; fMRI)). Examining the neural systems that operate during collaborative recall
in aging is important for developing successful interventions that
involve collaboration because age-related memory deﬁcits have
been linked to age-related changes in the brain. On the face of it,
the goals of pursing the paths to applied intervention may seem
at odds with concurrent recommendations for basic research to
study the neural regions involved in collaborative remembering.
While the paradigms needed to isolate the neural underpinnings
of collaboration beneﬁts may require contrived tasks, the ﬁndings discovered from such research can potentially have direct
impact on implementing beneﬁcial collaborative practices in aging
as neural pathology sets in. In fact, determining if collaborative
recall, and what type of collaborative recall (e.g. free ﬂowing or
turn-taking, between strangers, friends or couples), utilize neural
systems that are particularly affected by aging or neural systems that are relatively spared by the aging process, is critical for
developing successful interventions targeted to a diverse range of
cognitive abilities in older adults, and clinical populations with
memory impairments. Thus, as we outlined in the Introduction
we recommend reciprocal considerations of basic and applied
issues to capitalize on the mnemonic beneﬁts of collaboration in
aging.
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Initial examinations of the neural systems that operate during
collaborative recall in aging should be guided by general theories or
concepts from the cognitive neuroscience of aging. As mentioned
previously, age-related memory decline is particularly evident
during recall and other memory tasks that demand executive or
strategic retrieval processes (e.g. working memory tasks) that have
been linked to structural and functional changes in the prefrontal
cortex, and advance the frontal lobe hypothesis of aging (Davidson
et al., 2006; Moscovitch, 1995; Shimamura et al., 1990; West, 1996).
For example, older adults show disproportionate atrophy in prefrontal regions compared to other cortical regions such as occipital
and parietal cortices (Raz, 2000; Raz et al., 1997; Raz & Rodrigue,
2006). Older adults are also less likely to recruit the left inferior
frontal gyrus (of the prefrontal cortex) and self-initiate semantic
processing when encoding words for subsequent recall (Craik &
Rose, 2011; Daselaar, Veltman, Rombouts, Raaijmakers, & Jonker,
2003; Morcom, Good, Frackowiak, & Rugg, 2003; Stebbins et al.,
2002). However, such age-related differences in prefrontal cortex
activation are reduced when older adults are explicitly instructed
to initiate semantic processing, as are age-related differences in
memory performance. In other words, while the volume and the
functional activation of the prefrontal cortex typically reduce with
age, in some situations older adults (particularly high-functioning
older adults) can compensate for such reductions and maintain
memory performance at a high level (Cabeza, Anderson, Locantore,
& McIntosh, 2002; Park & Reuter-Lorenz, 2009; Stern et al., 2005). In
this theoretical context, an initial study of the neural systems of collaborative recall in aging could be particularly encouraging for the
development of interventions if collaborative recall permits older
adults to compensate for age-related memory decline by recruiting
prefrontal regions to a greater extent than individual recall.
An initial study of the neural systems of collaborative recall in
aging could also be encouraging for developing successful interventions if collaborative recall permits older adults to recruit medial
prefrontal regions, which are less susceptible to age-related atrophy than lateral prefrontal regions, e.g. the inferior frontal gyrus
(Salat et al., 2004). A link between medial prefrontal regions and
collaborative remembering would also make sense given that
medial prefrontal regions have been repeatedly linked to social
knowledge about self and others in both younger and older adults,
and contribute to the self-referential memory advantage (Gutchess,
Kensinger, & Schacter, 2007; Hull & Levy, 1979; Symons & Johnson,
1997); see also (Wagner, Haxby, & Heatherton, 2012) for a recent
review). The self-referential memory advantage refers to the ﬁnding that information that is encoded in reference to the self is
better remembered than information that is encoded in reference to strangers, with memory encoded in reference to close
others falling somewhere in between (Bower & Gilligan, 1979;
Kuiper & Rogers, 1979; Lord, 1980; Symons & Johnson, 1997) –
presumably because close others are incorporated into an individual’s self-schema (Aron, Aron, & Smollan, 1992; Aron, Aron,
Tudor, & Nelson, 1991). An analogous pattern is observed in the
neural representation of the self-referential memory advantage,
with information encoded in reference to the self engaging the
ventral medial prefrontal cortex, information encoded in reference
to strangers engaging dorsal medial prefrontal cortex, and information encoded in reference to close others engaging ventral and
dorsal medial prefrontal cortex (Johnson et al., 2002; Kelley et al.,
2002; Krienen, Tu, & Buckner, 2010; Moran, Lee, & Gabrieli, 2010;
Zhu, Zhang, Fan, & Han, 2007). Thus, this theoretical framework
predicts that the types of relationships that collaborators share,
such as couples versus strangers, could inﬂuence the neural systems used during collaboration, and the likelihood that individuals
will beneﬁt from prior collaboration.
Finally, an initial study of the neural systems of collaborative
recall in aging could be particularly encouraging if it turns out that
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collaborative recall permits older adults to recruit brain regions that
are less susceptible to structural and functional changes in aging
such as the posterior cingulate cortex. A fairly recent study suggest
that the posterior cingulate cortex may be one of the least affected
regions in healthy aging (Kalpouzos et al., 2009). Like the medial
prefrontal cortex, the posterior cingulate cortex has been repeatedly linked to social knowledge about self and others (Adolphs,
2008; Gallagher & Frith, 2003) and, therefore, a link between collaborative recall and the posterior cingulate cortex also seems
probable. These intriguing possibilities need to be tested in future
research.
In sum, determining whether collaboration engages neural systems that are particularly affected or relatively spared by the aging
process, and that are implicated in the processing of self and others, is critical for developing successful interventions that can be
targeted to a diverse range of older adults. Initial studies should
be driven by general concepts from the cognitive neuroscience of
aging, and would be particularly fruitful if they indicated that collaborative recall encourages older adults to increase engagement
of regions that are particularly affected by aging, or recruit regions
that are less affected by aging. Our discussion and recommendation for future research outlined above focused on brain changes
associated with healthy aging. Additional considerations are necessary when designing studies for clinical populations, as structural
change and functional activation patterns can be different in individuals with aMCI and Alzheimer’s Disease (Celone et al., 2006;
Driscoll et al., 2009; Kalpouzos et al., 2009; Whitwell et al., 2007)
Regardless of whether one wants to examine the neural systems associated with collaborative recall in older adults that are
cognitively healthy or are diagnosed with aMCI, there is a key
methodological challenge associated with examining the neural
systems associated with collaborative recall: How do individuals
collaborate in a typical (functional MRI or fMRI) neuroimaging environment given the practicalities of limitations in physical space,
sensory input, and communication. One solution to this problem is
to use a portable neuroimaging technique such as functional Near
Infrared Spectroscopy, or fNIRS (Ayaz, 2006; Izzetoglu, 2005). While
the neural activation measured by fNIRS is limited to about 2.5
centimeters from the surface of the skull, thereby constraining the
development of brain-based predictions to such areas, the neural
systems associated with collaborative recall can be assessed with
few modiﬁcations to existing collaborative memory paradigms. In
other words, fNIRS is a neuroimaging technique that would be
appropriate for initial imaging studies of collaboration aimed to
test general aging hypotheses; e.g. the frontal lobe hypothesis of
aging. The ﬁrst author of this targeted review (H.M. Blumen) is currently incorporating fNIRS in her collaborative memory studies in
order to test such hypotheses. Note that fNIRS could potentially be
used both in the traditional word-list and ecologically valid collaborative memory paradigms. Functional NIRS may also be used to
examine potential differences between cognitively healthy older
adults and older adults with aMCI, and with a portable computer
fNIRS could possibly be used in applied settings such as nursing
homes or Naturally Occurring Retirement Communities as well.
Functional Magnetic Resonance Imaging (fMRI) is another noninvasive imaging technique that unlike fNIRS would show good
resolution of the entire brain, but necessitates signiﬁcant modiﬁcations to existing collaborative memory paradigms. For example,
study participants may have to take part in perceived rather
than actual collaborative recall. Perceived collaborative recall with
responses generated by a confederate (Meade & Roediger, 2002;
Roediger et al., 2001) and a computer program (Basden et al., 2002;
Reysen, Talbert, Dominko, Jones, & Kelley, 2011; Ross et al., 2008;
Wright & Villalba, 2012) have been successfully used by collaborative memory researchers in the past, primarily for the purpose of
systematically implanting false memories. Interestingly, perceived

collaborative recall is associated with similar levels of collaborative
inhibition in younger and older adults (Ross et al., 2008), but the
effects of perceived collaborative recall on later individual recall
are currently unknown.
An fMRI study of the neural systems that operate during collaborative recall in aging also requires clever designs that reduce
the motion artifact associated with speech production. For example, study participants may have to take part in covert or silent
recall (Johansson, Aslan, Bauml, Gabel, & Mecklinger, 2007; Kuhl,
Kahn, Dudukovic, & Wagner, 2008; Wimber et al., 2008), although
this approach leaves the researchers with no record of actual recall
performance. Study participants may also have to recall smaller
amounts of information at particular or consistent points in time,
in order to link or separate neural activation associated with collaborative recall from the neural activation associated with the
production of speech (Eden, Joseph, Brown, Brown, & Zefﬁro, 1999;
Gracco, Tremblay, & Pike, 2005; Henson, Shallice, Josephs, & Dolan,
2002) although this approach renders the collaborative recall process itself even less ecologically valid than typical laboratory-based
collaborative memory paradigms. The ﬁrst author of this targeted
review is currently testing a computer-based approach to collaborative memory and learning that would permit transfer to an
fMRI environment, yet is sensitive to these methodological issues
(Blumen, Li, & Stern, 2013). It is worth noting that this computerbased approach to collaborative memory and learning could also
increase the impact of this research if extended to permit remote
collaboration; e.g. over the web.
Even if examining the neural systems of collaborative recall with
fMRI is challenging, it opens the doors for examining more speciﬁc
and theoretically relevant questions regarding post-collaborative
individual recall in normal aging. For instance, we earlier discussed
the difﬁculties with isolating the operation of re-exposure and
cross-cuing during collaborative recall in a behavioral paradigm,
and the possibility that these mechanisms operate differently in
younger and older adults, after a shorter versus a longer delay.
These critical questions could be tested by examining the neural
systems that are associated with collaborative recall using the fMRI
technique. In light of the novelty of using fMRI to examine the neural systems associated with collaborative recall in aging developing
ﬁrm brain-based hypotheses is also challenging, and data-driven
multivariate statistical approaches may be preferred in initial studies (Worsley, Poline, Friston, & Evans, 1997; Zarahn, Rakitin, Abela,
Flynn, & Stern, 2007). However, investigations of the neural systems
associated with individual memory have increased sharply in the
last 15 years, and by extension affords us with the opportunity to
make predictions about the neural systems of collaborative recall;
yet, keeping in mind that there are limitations to such an approach.
In other words, it is possible to begin to explore whether the neural systems that generate collaboration beneﬁts on later individual
recall are very different from those that support individual retrieval
processes.
A fairly recent meta-analysis of fMRI studies of episodic memory recognizes the involvement of prefrontal, medial-temporal, and
parietal regions during successful encoding (study) and successful
retrieval (Spaniol et al., 2009). More importantly, for the present
purposes, the anterior hippocampus and the left ventrolateral
prefrontal cortex were found to be involved to a greater extent during successful study than during successful retrieval. By contrast,
parahippocampal, superior parietal, dorsolateral prefrontal and
anterior prefrontal cortices were found to be involved to a greater
extent during successful retrieval than during successful study. By
extension, this meta-analysis generates the following brain-based
predictions regarding our proposition that re-exposure affords
additional study opportunities while cross-cuing affords additional retrieval opportunities: (1) The re-exposure that occurs
during a single collaborative recall trial should engage the anterior
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hippocampus and the left ventrolateral prefrontal cortex to a
greater extent than the cross-cuing that occurs during repeated
collaborative recall trials. (2) The cross-cuing that occurs during
repeated collaborative recall trials should engage parahippocampal, superior parietal, dorsolateral and prefrontal cortices to a
greater extent than a single collaborative recall trial. To test these
hypotheses, the number of collaborative recall trials, and the delay
between collaboration and post-collaborative individual recall,
could be varied to systematically increase or decrease the possibility for cross-cuing.

5. Concluding comments
The research reviewed in this paper shows that collaborative
with others during recall can improve later individual memory
in aging. Collaborating with other during recall can provide reexposure, or additional study opportunities, to information that
would otherwise have been forgotten. Collaborating with others
during recall can also provide cross-cues, or additional retrieval
opportunities, to information that would otherwise have been forgotten. Finally, collaborating with others during recall can reduce
the memory errors that we make via error pruning or error correction provided by other group members input. However, at this
time, collaborative remembering is primarily a topic of research
for understanding its basic and theoretical properties. Our proposal here postulates that there are steps towards translating this
research to beneﬁt older adults in applied settings. Speciﬁcally,
we propose a four-step approach towards examining the cognitive processes that operate during collaborative remembering in
aging (see Fig. 1). The primary goal of this approach is to identify collaborative retrieval situations that are particularly favorable
to memory performance in aging. The ﬁrst step of this approach
involves complementing standard word-list memory paradigms
with ecologically valid memory paradigms, followed by systematic examinations of more speciﬁc questions related to group size,
group homogeneity, and the relationships that exist between collaborators. The second step of this approach involves evaluating
traditional and ecological-valid memory paradigms (that improve
post-collaborative individual recall in the laboratory) in applied
settings such as independent senior living situations, naturally
occurring retirement communities, and nursing homes. The third
step of this approach involves adapting collaborative memory
paradigms to examine the efﬁciency of collaborative memory training in a diverse set of older adults, including cognitively healthy
older adults and those with aMCI. Finally, the fourth step of this
approach involves modifying these paradigms to examine the neural systems that operate during collaborative recall in aging to
develop collaborative memory interventions that are sensitive to
the structural and functional changes in the aging brain. This fourstep approach has the potential to produce a comprehensive set
of evidence-based recommendations that can be used to develop
increasingly more targeted interventions for improving memory
performance with collaboration in older adults. To be maximally
effective, this multi-step approach necessitates interdisciplinary
collaboration and expertise, as well as involvement of the older
adults’ family members and friends.
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