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Context has long been regarded as an important element of long-term memory, and episodic memory in
particular. The ability to remember not only the object or focus of a memory but also contextual details allow us
to reconstruct integrated representations of events. However, despite its prevalence in the memory literature,
context remains difficult to define and identify, with different studies using context to refer to different sets of

stimuli or concepts. These varying definitions of context have not prevented it from being a key element of many
models of memory. Within these models, context is usually explicitly encoded as an element of an event and
processed through different neural pathways to other elements of the event, such as objects. Here we challenge
the notion that context in memory is encoded. We offer an alternative where context in memory takes a variety of
forms depending on the question being asked. We propose events are simply encoded, but the focus of retrieval
(object) and context are not defined until recall.

“For me, context is the key — from that comes the understanding of
everything” Kenneth Noland.

For many years, it’s been clear that context has a critical role in long-
term memory and many studies have explicitly examined the role of
context in memory processes. Retrieval of memory is greater when the
context at the point of encoding matches the context at the point of
retrieval, whether that’s a physical (e.g. on land or underwater) context
(e.g. Godden and Baddeley, 1975) or a physiological state (e.g. Goodwin
et al., 1969). Fear is strongly associated with context, with fear inducing
stimuli having a particular effect within a context in which the fear has
been experienced (e.g. Maren, 2001). When considering episodic
memory, one might discuss the ability to retrieve incidental contextual
information (e.g. Yim et al., 2013). In all these cases, context is a central
part of either the memory itself or the retrieval of that memory.

Despite its clear role in memory, the task of defining a context is
challenging. What distinguishes contexts from what we might call ob-
jects within the same memory? For episodic memory where an event is
being remembered, is context merely the background, irrelevant

material, and if so how do we know what’s irrelevant until we need to
retrieve the memory? Is it a particular type of input? For example, whilst
spatial information has been argued to be a critical element of context
within a memory (e.g. Burgess et al., 2001), it can clearly also be a
non-contextual part of the memory, i.e. spatial information can also be
the object or focus that we are remembering. Definitions of context are
not confined to one domain, such as spatial information. Temporal in-
formation is often also considered a contextual cue (e.g. Bouton, 1993),
alongside emotion (e.g. Kim et al., 2013) and many other individual
features of an event or experience. It might be thought that there are
even equivalents to perceptual mechanisms when defining context. In
visual perception our visual system uses environmental and perceptual
cues to differentiate object from background. Might similar mechanisms
be at play in memory? It seems unlikely. Such figure/background dis-
tinctions in visual processing give rise to distinct visual illusions, such as
the face or vases illusion. In this case either faces or vases can be seen at
any one moment, but not both at once. One is background, one is object.
There are, to our knowledge, no similar examples in memory for
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mnemonic illusions that would occur from similar processes.

Various attempts have been made to operationalise contexts (e.g.
Stark et al., 2018) but there are always exceptions to such generalisa-
tions. There have also been attempts to define different systems for
different types of context (e.g. Rudy, 2009), sometimes within specific
species or for specific tasks (such as fear conditioning). It is important,
then, to consider the form ‘context’ has taken across the memory liter-
ature. The reference to a vague, poorly defined, singular ‘context’ in the
literature assumes that all contexts used in different tasks are the same,
and all use the same cognitive mechanisms. However, if these contexts
can take so many different forms, we can reasonably ask what they are
contexts for. What is the putative stable focus of memory to which
contexts attach?

Here we argue that context is confusing and difficult to define
because it is typically considered something identifiable at the point of
encoding. In contrast, we propose that ‘context’, like other elements of
long-term memory, is reconstructed as part of recollection. Indeed,
context makes no sense until the point of recall. Once the focus of a
memory has been determined, then the associated contextual informa-
tion can be identified; but not until this point.

1. Context and place cells

Let us begin with one area in which contextual control of memory is
well studied; place cells in rodents. There is much evidence that place
cells within the hippocampus show different activity patterns in
different contexts (e.g. Anderson and Jeffery, 2003; Hayman et al.,
2003; Leutgeb et al., 2005; Smith and Mizumori, 2006a; Ventura et al.,
2024). In its most straightforward operationalisation, context is defined
in these studies as different shaped chambers that are experienced by the
animal in the same physical location (i.e. the chamber is in the same
position in the room but the context is changed by inserting new walls
and floors). Walls and floors of the chambers are changed or manipu-
lated to create different shaped contexts within the same spatial loca-
tion. In these studies, populations of place cells can combine to represent
a map of the context, which re-maps to the other context. This remap-
ping can take various forms but the population of cells can encode that
the context of the environment has changed. As both ‘contexts’ are in the
same physical location in the room, the assumption is that the only
difference between them is the shape of the environment, meaning that
this difference is the contextual cue controlling the place cell’s activity.

Even within the place cell literature in rodents, however, this
straightforward environmental shape is not the only context known to
control place cell representations. Others, for example, have used a
combination of colour, texture, and spatial location to define context (e.
g. Komorowski et al., 2009). Place cells remain able to use these
non-shape based differences to encode items within each context
differently. Place cells are also able to encode items within different
contexts when those contexts are defined by the temporal sequence of
events (Manns et al., 2007), or even when the contexts are defined by the
task demands, such as the location of a reward within the environment
(Smith and Mizumori, 2006b, Ainge et al., 2007a, Ainge et al., 2012).

In each of these cases, place cells’ activity is reported as being
mediated by context, but the nature of each context is very different. In
comparing the place cell activity across these studies, an implicit
assumption is made that in each case ‘context’ is equivalent, i.e. the
notion of context generalises across these studies, and is assumed to have
the same effects on memory, and on the neural processes at study. It is
possible, however, that whilst each has a superficially similar effect on
behaviour, the real nature of context is different between these studies.

Whatever the right, or wrong, of this generalisation, it has a signif-
icant impact on our ability to define and operationalise what it is that we
mean by ‘context’. It also suggests that if all these types of context are
equivalent (in that they have the same impact on the mediation of
memory) then context is a broad and difficult to define concept, made up
both of specific sensory (Wood et al., 1999) and spatial inputs (Muller
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and Kubie, 1987), but also controlled by task demands (Wood et al.,
2000, Ainge et al., 2007b, Dupret et al., 2010), emotion (Moita et al.,
2003), temporal changes (Mankin et al., 2012; Mau et al., 2018) and
other more difficult to elucidate changes to the environment (Alvernhe
et al., 2008, Vandrey et al., 2021).

1.1. The complexity of context

This complexity of context is dealt with in part by influential context
drift models such as the Temporal Context Model (TCM; Howard and
Kahana, 2002, Estes, 1950) or the Contextual Binding Theory (Yonelinas
et al., 2019) which propose context to be an ever-changing group of
inputs with variation in the specifics of the context across time. Context
might then be constituted of temporal information, physiological and
emotional states, spatial environment, lighting, etc. The context for a
given memory will be the combination of all these smaller elements,
some of which will be similar across memories, some of which will be
much more unstable. For each episodic memory, however, the combi-
nation of these component elements will be unique and provide a spe-
cific and unique context for that memory.

Although these models deal with the complexity of elements that
might sum to form a specific context, there are challenges that remain.
Let’s once again consider the place cell literature in rodents. In the
simplest form of context manipulation, where the environment’s shape
is changed, it mediates the place field of the cell. A study by Wills et al.
(2005) examined how two different shaped environments determined
contextual control of the place field. With one square and one circular
environment, they observed the typical finding that the place field in the
square was stable, and the one in the circle was stable, but that they
differed from each other. By adding additional shapes (e.g. an octagonal
box) which shared properties with both the circular and square envi-
ronments, they showed that place fields switched abruptly from square
to circular representations (and vice versa) and did not slowly adjust as
the arena shape morphed between these two extremes. In essence, the
cell’s activity was as if there were only two environment shapes
(context). When an ambiguous environment shape was presented, the
cell categorised it as one or other context, and not as some new and
distinctive context; an effect also seen in humans (Steemers et al., 2016).

Some other studies (e.g. Leutgeb et al., 2005) have shown that place
cells can represent the ambiguous ‘morphed’ environment shapes. In
humans too, fMRI studies reveal environment specific codes in the
hippocampus (e.g. Kyle et al., 2015), and differences in hippocampal
subregions when defining distinct but highly similar environments
(Stokes et al., 2015). There is clear evidence, then, that there is nuanced
control of memory by the shape of the environment, and yet in some
subregions and in some experimental cases it remains that the control of
memory by these environments is more categorical r. Existing models of
contextual control of memory (such as context drift models) are poor at
being able to explain how environmental stimuli can be both differen-
tiated and generalised. To a significant extent the problem can be
explained by needing to encode context in both this nuanced and cate-
gorical way. What, however, if context did not need to be encoded at all?

1.2. Does context need to be encoded at all?

Think about the use of context in our own everyday episodic mem-
ories. Consider a memory from summer 2022. You might now recall that
memory as ‘just before Queen Elizabeth II died’. That provides a tem-
poral context for the memory. However, at the moment of the event
being remembered you did not encode the memory as being ‘just before
Queen Elizabeth II died’ as you didn’t know when she would die. That is
a semantic label applied to the context after the point of encoding, and
yet it becomes a consistent and useful context for the memory. Whilst
there may be complexities in this example that reflect human experi-
ence, the key point is that for this example, context is not determined at
the point of encoding. This key point can be true of non-human species
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too. A rat might recall the last time it was placed in a circular box,
without at that event knowing it would be the last occasion. If we
consider context to be a way of allowing us to separate events from one
another in our memory (e.g. Gaffan, 1994), then this can sometimes be
in ways we only understand after the event.

Of course, elements such as perceptual, emotional, social and even
mnemonic factors will be encoded at this time, and will to a great extent
interact (different people will encode similar events around the Queen’s
death differently depending on whether or not they had a particular
relationship with her). However, none of these elements of the event
need to be explicitly encoded as the context of the memory. Sometimes
these individual elements might be extremely salient. Someone partic-
ularly close to the Queen may have an overwhelming sense of sadness at
her passing, and we might think this sadness is encoded as an emotional
context to the memory. But we should be careful not to endow certain
elements of the memory (such as sadness) with special properties (such
as contextual control of memory) when salience will suffice. Highly
salient information will be recalled easily with the memory, and certain
types of information (like sadness to a death) will be unlikely to be the
focus of the question, meaning they often appear as context (ever pre-
sent and never the object of a memory). That does not, however, mean
we should automatically consider them to be an encoded context
without good evidence.

Our claim that context is not encoded at the moment of the event
may appear controversial given prevailing assumptions. Yet there are
other reasons to suggest context in episodic memory is established when
the event is being remembered. Temporal information has long been
regarded as key to episodic memory (see Tulving, 1983, 2002), yet what
form does that temporal information take? We know that episodic
memories are not ‘time stamped’ in the brain (Friedman, 2007), but
rather where knowledge of an exact time occurs it often is generated
through semantic cues (e.g. it was summer 2022 because it was just
before Queen Elizabeth died). In contrast, other forms of temporal in-
formation in episodic memory include temporal order and relative
recency (e.g. Fouquet et al., 2010; Roberts et al., 2008; Kuruvilla et al.,
2020). For relative recency we are often able to consider how long ago
something occurred through a judgement of memory trace strength, i.e.
the more vivid and strong a memory appears the more likely it is to have
happened recently. Such metacognitive assessments may be vital at
retrieval in assigning certain features of an event representation as
’context’ (Mahr et al., 2023; Perrin et al., 2020; Perrin and Sant’Anna,
2022).

We are once again faced with a context (in this case a temporal
context for an episodic memory) that can only be understood at the point
of recall, not at the point of encoding. How long ago something
happened cannot be encoded with the memory as there is no way of
knowing when recall will occur. Instead, it can only be assessed at the
point of recall. There is some doubt about whether how long ago
something happened behaves in the same way as other (visuo-tactile)
contexts in episodic memory recall (e.g. Davis et al., 2013; Easton et al.,
2012; Roberts et al., 2008; Kuruvilla et al., 2020), but there is little
doubt that in everyday episodic memory this judgment of how long ago
a memory occurred is a frequent element of the context of an event.

1.3. Contexts and objects within event memory

To fully understand the nature of context in this way, as something
that is not encoded, we need to understand what a context is within an
event. Imagine an event where you go to the cinema after work, with a
friend. You sit in the middle row on an aisle, and your friend sits next to
you. During the film they spill some of their drink on you. One challenge
of understanding the nature of context in this episodic memory is that
most elements of this memory can be the focus or object of the memory,
and most elements can be part of the context. If you were to be asked
‘when was the last time someone spilt a drink on you?’ you would be
able to recall this event. However, the precise cinema, the film etc.
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would be part of the event being remembered, but not the focus of the
question being asked. In contrast if you were to be asked ‘what was the
last film you saw at that particular cinema?’ you would be able to
answer with the name of the film, but who you were with, and that a
drink was spilt are now not directly relevant to the target of retrieval.
Critically, the context differs depending on the question being asked,
and therefore only at recall can the context for the memory be defined (i.
e. only once the question has been asked can one determine the back-
ground, or contextual, information). One might ask, then, whether in an
event which is rich in detail and where you recall the event for a specific
purpose, is the context of the event simply the remaining detail within
the event? Even physiological responses such as heart rate, which are
often considered elements of context (as per the contextual binding
theory of episodic memory) can become the focus of the question ‘when
was the last time your heart raced?’, perhaps with the answer it was
when you had a cold drink poured over you unexpectedly.

From this perspective, there is little within the detail encoded of an
event that cannot be a focus of the memory, in which case is it even
sensible to ask what the context is within the memory? In discussing
context of a memory are we simply referring to elements of the event
which are not directly relevant to the reason for recall? Does this help us
to understand why contexts are not helpful to be defined at the time of
encoding? We don’t know what question will be asked of the memory
later; indeed, this flexibility has been suggested to be a critical element
of episodic memory (Clayton et al., 2001).

Nonetheless, some highly influential models of memory do consider
context to be identified at the point of encoding and treated differently
within the processing of a memory, for example, the Binding of Item and
Context (BIC) model (Diana et al., 2007). This BIC model explicitly
considers context something that should be encoded, and retrieved, by
the parahippocampal cortex, whilst the hippocampus plays a specific
role in associating context and item information to support recollection.
Models like this, then, require context to be identified when the event
occurs, encoded in the parahippocampal cortex and kept distinct from
item information in the perirhinal cortex, meaning items and context are
defined as such at encoding. Such models require there to be a focus of
the event, which is encoded as an item, and (inline with the drifting
context models; Howard and Kahana, 2002; Yonelinas et al., 2019) other
ever-changing elements of the event (internal and external to the indi-
vidual) are encoded as context. Yet these ever changing elements of the
event that are encoded as context must also generalise to ensure whole
events have a single context. For example, heart rate might change
slightly during a conversation, but this is generalised to allow the con-
versation to be seen as one event. One might be able to argue that
retrieval of the memory from different cues (when did you last go to the
cinema, or when did you last get a drink poured over you) can be created
from the association between this event’s context and the items within
it, but we once again face the dilemma of defining what makes some-
thing a context, and what makes something an item.

A series of studies in rodents also challenges that concept that
context is encoded separately from other elements of an event memory.
Eacott and Norman (Eacott and Norman, 2004a; Norman and Eacott,
2004, 2005) ran a series of studies in which rats were assessed for their
memory of combinations of features. They were tested either on their
recognition of an object (in a single context), their recognition of an
object within a particular context, their memory for an object in a
particular location, or their memory for a particular object in a partic-
ular location within a particular context. In these studies, context was
defined as the interior walls and floors of an arena, which are known to
offer contextual control of place cells (e.g. Anderson and Jeffery, 2003).
Eacott & Norman demonstrated that lesions of the perirhinal cortex
impaired recognition of objects, whilst lesions of postrhinal cortex (the
rodent analogue of parahippocampal cortex) impaired recognition of
objects in particular contexts (Norman and Eacott, 2005), all supportive
of the proposal that context and items/objects are processed through
distinct processes and regions. However, the critical finding was that
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lesions of the postrhinal cortex did not impair recognition of objects in
particular locations within particular contexts, although disruption of
the hippocampus through fornix lesion did (Eacott and Gaffan, 2005;
Eacott and Norman, 2004b). Critically, then, whilst postrhinal cortex
appears to be critical for the recognition of context in one task
(object-context), it is not critical for a similar, more complex task
(object-place-context task). This difference in postrhinal involvement is
despite context being a critical element of both memory tasks. If context
really is encoded as a distinct part of the memory, and processed through
this postrhinal pathway separately to other information, how is it that
only some memories using context rely on this system?

This is not an isolated incident in the literature with many studies
finding roles for different parts of the memory network in processing
context. As well as postrhinal cortex (Gastelum et al., 2012; Bucci et al.,
2021), other studies have reported that perirhinal cortex (Barker and
Warburton, 2020), lateral entorhinal cortex (Wilson et al., 2013a,b;
Vandrey et al., 2020; Persson et al., 2021), medial entorhinal cortex
(Hunsaker et al., 2013) and the hippocampus (Mumby et al., 2002;
2010) are all critically important for context-dependent memory. This
argues against context as a singular concept that is assigned at encoding
and is much more consistent with context being any number of cues that
best disambiguate a memory from other similar memories at retrieval,
perhaps requiring the interaction of multiple brain regions to generate
it. The diversity of brain regions suggested to process context would
likely result from the wide range of stimuli and concepts suggested to
make up context. Different brain regions will receive different inputs
that define the type of information they process and so the choice of
context definition will then affect which brain area/network supports
that context specific task.

To this end, perhaps the most valuable step the field can take is to
more clearly define the conditions of experiments. Rather than using
terms like ‘context’ to refer to any background element of the memory
which is not the focus of the task, clarity and comparability between
studies would be greatly improved by careful description of the exper-
imental condition and all likely salient elements of stimuli.

1.4. Implications and Future Directions

All the evidence supports the view that context is not a single feature
of an event that can be separated from the object or spatial information
and encoded and processed separately (at least at the point of encoding).
Perhaps critical to a new understanding of context in memory is the
realisation, as in the cinema example above, that context makes sense
only at the point of recollection. We don’t know it was our most recent
trip to the cinema until the question is asked and we can appraise that
temporal context. We don’t know something happened just before the
drink was spilled on us until after the drink was spilled on us. However,
once the question is asked then the nature of the context becomes
obvious. In Eacott and Norman’s rat studies too it seems the nature of the
question asked (the task) determines the way in which context is pro-
cessed. We don’t know what is important for a future memory at the
time of encoding, so how can we be sure what aspects of the event will be
incidental context? In these cases, context only makes sense at the point
of retrieval. The action of recall has a directed purpose; to answer a
question, to drive a behavioural choice, to select an appropriate action
etc. This act of recall, then, is the moment at which the object of the
memory and the contextual elements of the memory are decided.

In models of memory, such as BIC (Diana et al., 2007) object/item
elements of a memory are associated with context. This is the basis by
which context controls retrieval. The association of an item with its
context means that in retrieving the memory in the same context as it
was encoded then the retrieval of the item is made easier by its associ-
ation with the context that is present. However, what if all elements of a
memory were instead encoded merely as elements of a memory; un-
differentiated? The implications of context being a feature of retrieval
rather than encoding can be understood in considering the impact on
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existing knowledge. In Godden & Baddeley’s famous diving experiment
(Godden and Baddeley, 1975), participants were better able to recall a
word list learned on land when tested on land, and one learned under
water when tested under water. In our proposal, participants wouldn’t
need to encode ‘underwater’ as a context. Instead, the word list being
remembered is encoded, as is being underwater, as is the change in heart
rate, temperature, breathing style and so on that comes with being un-
derwater rather than on land. Here, rather than using these constant
changes in elements of the environment to monitor changes in context
(as in context drift models), they are instead merely each encoded as a
separate and contingent element of the ongoing experience of the event.
No one element is determined as the focus for future memory (unless we
are aiming to specifically memorise something for recall in the future).
At retrieval, then, each individual element of the event can act as a
retrieval cue, giving improved retrieval of memory. The greater the
match of the current environment to the environment when the event
happened, the more precise each retrieval cue will be, generating
greater success in the retrieval process. In this way, retrieval in the same
context as one encoded generates better memory but not through any
need for a separate representation of context at encoding. Instead, the
context is the elements of the memory defined as incidental by the
question. Our proposal offers other insights into this classic approach to
context dependent memory. Would divers have been able to better
discriminate two underwater events separated by the presence or
absence of word list learning? We expect they would, given that no
element of the event is itself a context, so the context-dependent mem-
ory benefit should be able to be provided by any similarities between
conditions. Nonetheless, undoubtably there will be some cues or fea-
tures of an event which accrue more strength and control of memory
than others. Is attention critical to such modulation, or salience? It
seems worthy to investigate the way in which attention at encoding
might influence the nature of context at retrieval. We would predict that
shifting attentional focus at encoding will have no discernable effect on
the nature of context at retrieval although it may change the salience of
different elements of the environment when asked about as the object of
a memory.

If we instead turn our focus to work in animals and humans on dif-
ferential activity in distinct brain regions for the processing of context,
what happens if our methods shift towards asking about the same event
in different ways, such as in our example of the drink being spilled in the
cinema. Would different brain regions always respond to the context,
whatever the context is, or would we begin to see differentiation in these
regions for types of stimulus whether they are the object or the inci-
dental background of a memory? Such findings would then allow us to
question whether such differences are apparent at retrieval as well as, or
instead of, encoding.

Our proposal might at first seem at odds with the well-established
Event Boundary Theory (e.g. Radvansky, 2012, Zacks and Swallow,
2007). Here the segmenting of everyday life into distinctly encoded
parts is aided by shifts in context (such as walking through a doorway).
This may seem to imply that context and context changes have to play a
part at encoding. However, our proposal here does not deny or challenge
that things change over time. Our perspective, our internal feelings and
thoughts, our position, or social environment etc all change constantly
through the day. In our model these remain encoded, and therefore
changes in the environment can allow events to be parsed from
continual experience. In our cinema example, events might be bounded
by the action of spilling the drink. The continuous experience has now
been parsed as before and after the drink was spilt. That does not require
the spilling of the drink to be ‘labelled’ as a context of the event at the
time of encoding. Instead it might be simply that these boundaries
provide convenient structure to the retrieval of memory, and can bound
working memory processes, but do not need to be encoded as a context.
After all, event boundaries can also be flexible. I might recall an event as
being at the cinema, or as the lead up to the drink being spilt, or even
that time with my friend at the cinema and the rest of the evening.
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Boundaries seem, then, able to be flexible just like context, and to some
extent the bounding of the event at recall might be structured around
context determined by the question, rather than by perceptual,
emotional, social or other changes in the environment at the point of
encoding.

In essence, we propose that the context, like other elements of long-
term memory, is defined and reconstructed at retrieval. There is no need
for a precise representation of all elements of the encoding episode. Over
time elements of certain contexts will form relatively fixed relationships
that generalise across events. Diving underwater will always be related
to wearing your scuba gear, temperature changes, breathing changes
etc. Only changes from these expected values need to be noted. Retrieval
of previous experiences during an event updates our knowledge of these
relationships, and it is likely to be this updated knowledge that forms the
context at retrieval later. Our knowledge of an event before the Queen
dies is updated when the Queen dies and in future retrieval we now have
a context that can be represented as ‘the time before the Queen died’
when such a context for memory made no sense at the point of encoding.
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