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THE COGNITIVE AND
NEUROANATOMICAL
UNDERPINNINGS OF
DESTINATION MEMORY

Abstract
The ability to remember the destination to whom a piece of information has been addressed (e.g., did | tell you
about the weekend?) has been labelled destination memory. Although this topic has been relatively scarcely
studied, recent studies support the notion that destination recall can be the subject of important distortions in
healthy younger and older adults and in individuals with Alzheimer’s disease. This research also links destination
recall to several cognitive domains such as episodic memory, executive function, and self-referential processes
(e.g., did I tell you about the weekend?). The present review aims to assemble these findings into a comprehensive
framework and shed light onto potential neuroanatomical underpinnings of destination memory, thus providing
a promising venue for future exploration and research.
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1.Destinationmemory:definition

. SR destination memory is additionally hampered
and cognitive underpinnings

in normal aging [4,5] and impaired, more
than source memory, in Alzheimer’s disease
In our daily lives, we are constantly relaying  [1,2,6]. The vulnerability of destination memory
information to people in our environment, such  has been attributed to the assumption that

as friends, family, or strangers. Remembering
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this destination memory may draw heavily
on cognitive resources, such as episodic
processing, executive function, and on self-
referential processes, such as self-monitoring
[1-3,5,6] (see Figure 1).

to whom information has been previously

outputted, referred to as destination memory,
allows for successful associations between
messages and their receiver(s), thus enhancing
communicative efficacy and, consequently, our
daily interactions with others [1-3]. Research
shows that destination recall (i.e., remembering

to whom information was provided) is difficult

Destination memory

and can be subject to distortions in several

Episodic memory

populations. In this area of research, Gopie
and Macleod [3] asked young participants

Executive function

to tell (destination condition) and receive
(source condition) facts to and from pictures
of celebrity faces. In a subsequent recognition
task, the participants had to decide to/from
which face they had previously emitted/

received the facts. These procedures showed
more errors on destination than on source

recognition. Subsequent work showed that
lobes, prefrontal lobes and precuneus.

* E-mail: mohamad.el-haj@univ-montp3.fr

Figure 1. Destination memory seems to require different cognitive resources, such as episodic memory, executive
function, and self-referential processes; cognitive resources that are dependent on medial temporal
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1.1 Destination memory and episodic
recall
With respect to the cognitive processes
underlying destination memory, an important
role has been suggested for episodic
memory recall in general. For instance, El
Haj et al. [6] reported significant correlations
between destination memory deterioration
and perturbation of autonoetic reliving in
individuals with Alzheimer's disease. The
latter ability, or the subjective experience
characterizing episodic recall, was evaluated
with
paradigm allowing evaluation of the ability to

the “Remember/Know” paradigm, a

recall specific episodic elements [7-9]. Further
evidence about the link between destination
memory deterioration and episodic decline
was found by El Haj et al. [6] who observed a
significant correlation between destination
memory and the Grober and Buschke’s task
[10], a standard episodic memory testing
protocol, a correlation that was observed in
both healthy older adults and individuals with
Alzheimer’s disease.

Destination memory allows for making
judgments about the context in which an event
occurred (e.g., to whom a piece of information
was sent), which specifies contextual features
of a particular episode and contributes to
discriminating a targeted episode from similar
events. Destination processing thus requires
integrative processes, that is, binding items
to their context destinations, which are not
required for item memory [11]. This assumption
may explain why destination recall may be
more prone to distortions than item memory or
source memory.

1.2 Destination memory and
executive function

Another cognitive domain that may be
important for the fallibility of destination
memory is executive function. Decline in
episodic memory, and especially in source
recall, is widely observed in patients with
executive deficits. Schacter et al. [12] found
that patients with executive dysfunction
after prefrontal cortex damage were able to
remember that information was previously
encountered, but showed substantial
difficulties in

learned the

recalling where they had
information. These outcomes

were replicated by studies showing a
significant correlation between difficulties in
source memory and executive dysfunction
(e.g., [13-15]),

individuals with Parkinson’s disease [16], and

in healthy older people
people with Alzheimer’s disease [17] (for a
comprehensive review on the relationship
between executive dysfunction and source
memory deterioration, see, [18]). In line with
this notion, destination memory function
also correlated with executive function,
especially with inhibition [1]. Inhibition, a core
executive function, allows for the suppression
of distracting information from ongoing
processing, which contributes to selective
attention ability [19]. Destination memory is
likely to rely heavily on inhibitory processes
in order to keep the focus of attention on the
characteristics of the information (e.g., did |
tell you about the weekend?), destination (e.g.,
did I tell you about the weekend?), and/or self-
monitoring processes (e.g., did / tell you about
the weekend?).

1.3 Destination memory and self-
referential processes
According to Gopie et al. [3,5], when outputting
information, one’s main attentional focus is on
oneself. This self-focus is argued to leave fewer
attentional resources available to attribute
information to its destination, which may
account for the vulnerability of destination
memory where typically the focus lies on
other people. This assumption was tested
by Gopie and MaclLeod [3] who found that
it is possible to reduce destination memory
distortions by explicitly shifting participants’
attention from themselves to the person to
whom the information is outputted. In other
words, decreasing self-focus by directing

attention to the destination improved
destination memory, an outcome suggesting
self-focus as an important destination
memory component. Another factor that may
mediate the relationship between destination
memory and the self is the autobiographical
nature of destination memory. That is,
destination memory is constructed in a
specific spatiotemporal context with reference
to oneself as a participant in the episode
[3]1, a consideration that is in line with the
model

autobiographical of Conway [20]

Translational Neuroscience

suggesting the self as a basic component of
autobiographical recall. By highlighting the
self-component of destination memory, the
present review will attempt to advance some
hypotheses about the neuroanatomical basis
of destination memory.

2. Neuroanatomical speculations

Empirical research thus suggests that several
cognitive factors may determine destination
memory functioning; factors including
episodic processing, executive function, and
self-referential processes. To the best of our
knowledge, there is no literature investigating
the neural underpinning of destination recall.
However, the aforementioned processes,
illustrated in Figure 1, shape our hypothesis
about the neuroanatomical basis of destination

memory.

2.1 Medial temporal lobes

Since destination memory can be considered
as an episodic component that enables
associations between information and its
episodic context [6], it is likely to involve
brain areas that are responsible for associative
mechanisms, such as the medial temporal lobe
(MTL). The MTL has been widely described
as a system of regions that significantly
contribute to episodic memory, including the
hippocampal formation, perirhinal cortex,
parahippocampal cortex and entorhinal cortex
[21]. In this extended “MTL memory system’,
neuroimaging studies have suggested a crucial
role of hippocampus in relational memory
[22]. Also, hippocampal involvement has been
demonstrated in binding individual features
into complex episodic memories during
encoding and retrieving context information
(e.g., [23-26], for a review on the hippocampal
involvement in context memory, see [27]).
The hippocampal involvement in context
processing is of crucial interest to the present
review, since destination memory contributes
to context recall [6], which would require
hippocampal involvement in destination
memory. Further support for this assumption
can be found in work by Mayes et al. [26] who
proposed that the hippocampus is implied
in across-domain associations (e.g., item-

location). In a similar vein, studies suggest
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that the hippocampus is involved, possibly in
conjunction with entorhinal cortex, whenever
information is bound or associated with
episodic context [28-30], as is the case for
destination memory.

MTL

association can also be illustrated by reference

implication in item and context
to the Binding of Items and Contexts model [31].
This model, built upon a framework proposed
by Squire et al. [21], proposes different roles for
the perirhinal and parahippocampal cortex,
and the hippocampus proper. According to
this model, the perirhinal cortex processes
information about the qualities of objects
(“what”), as outputted by neocortical areas, and
the parahippocampal cortex process spatial
information (“where”), as outputted by the
posterior parietal cortex. The perirhinal and
parahippocampal cortex project to the lateral
and medial entorhinal areas respectively, and
theseareas'inputsconvergeinthe hippocampus
(for a similar view, see [32,33]). In line with this
model, research suggests that the perirhinal
cortex processes information about items (e.g.,
what), whereas the parahippocampal cortex
processes contextual information (e.g., where
and when), and the hippocampus binds these
items and contextual features [24,31,34]. Taken
together, the MTL plays an important role in
processing contextual information, and is likely
to be involved in destination memory.

2.2 Prefrontal cortex

As mentioned above, early neuropsychological
work suggested that lesions in the prefrontal
cortex (PFC) may also disrupt episodic memory
[12,35]. Also, a large body of fMRI literature has
found that contextual judgments (i.e., source
memory) are associated with activity in left
lateral PFC, including the superior, middle, and
inferior frontal gyrus (Brodmann areas 9, 10,
44, 46, and 47). This activity was observed for
various types of contextual information (e.g.,
location) and modalities (e.g., auditory and
visual stimuli) [36-38] (for a comprehensive
review, see [39]). In a parallel manner, context
recall has also been associated with right lateral
PFC activation, especially in tasks requiring
based
on metacognitive expectations [40,41-43].
Another
specificity of the PFC in context memory has

heuristic judgments, or decisions

hypothesis about the functional

been proposed by Mitchell and Johnson [39].
According to this view, the ventrolateral PFC
tends to be more involved in the encoding of
specific item features, whereas the dorsolateral
PFC tends to be more implied in control
processes aimed at the organization and
relations between contextual features (for a
similar view, see, [43]). So far, these studies
have focused on source memory. While it can
be hypothesized that the same brain regions
may be important in destination memory, this
remains to be empirically studied.

2.3 Precuneus

Since destination memory is thought to
involve self-referential processes, it may also
depend on brain areas that are associated with
these processes. Among the cortical midline
structures, the precuneus is widely suggested
to support self-referential processing, such as
integration of self-relevant information with
past experiences [44], construction of one’s
own visual perspective [45], judgments on
one’s own personality traits [46], judgments
on self-descriptive [47], and mental simulation
of self-generated actions [48]. In line with
these findings, activation in the precuneus
has been observed during autobiographical
recall (e.g [49]), which also relies heavily on
self-referential processes [20]. According to
Cavanna and Trimble [50], the precuneus
is an essential part of the neural network
and  self-

underpinning  self-awareness

processing operations, which contributes

to first-person perspective taking and
experiences of agency. The latter suggestion is
of crucial interest since destination memory is
a memory system that primary deals with self-

initiated information.

: . v
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3. Destination memory:
questions

open

In memory literature, research used to deal with
context recall by referring to spatiotemporal
aspects such as who, when, and where an
event has took place. This literature can be
enriched by investigating the “to whom” aspect,
a contextual facet that is primarily concerned
by the sense of agency and the interaction
with our environment. Retaining the terminal
of our thoughts and actions grants elaborating
the appropriate response to our query would
thus save valuable time and efforts. Another
consequence of destination memory distortions
is redundancy, or the tendency to repeat the
same information to the same receiver. Such
a distortion may induce several costs, such as
increasing inferences and decreasing theamount
of new information; bias that may attenuate
communicative efficacy and, consequently, our
social interactions with others.

As the present review tends to suggest, the
vulnerability of destination memory can be
attributed to its high demand on cognitive
resources, namely,

episodic  processing,

executive  function, and self-referential
processes (see Figure 2 for a summary).
Although prominent, some questions remain
open. First, the underlying neurocognitive
mechanisms need further investigation by
functional neuroimaging and lesion studies.
Second, future research should focus on the
dissociation between destination memory and
more general episodic memory processes, such
as item-context binding or autobiographical
recall. While promising, research on destination
memory is still in its infancy, and further studies
are needed to reveal the exact cognitive and

neuroanatomical basis of destination recall.

- Destination memory allows successful association between the information and

its receiver, enhancing communicative efficacy and, consequently, our social

interactions.

+ This memory is found to be subject to distortions in younger adults, older adults,

and patients with Alzheimer’s disease.

- Destination recall is found to rely on episodic processes, executive function, and

self-referential processes.

« This memory is likely to imply this memory may imply brain areas, such as medial

temporal lobes (especially, hippocampus, perirhinal cortex, parahippocampal

cortex, and entorhinal cortex), frontal lobes, and precuneus

Figure 2. Highlights of key points.
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