Advanced Review
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There are logical and empirical grounds that link episodic memory and the ability
to imagine future events. In some sense, both episodic memory and episodic
foresight may be regarded as two sides of the same capacity to travel mentally
in time. After reviewing some of the recent evidence for commonalities, I discuss
limits of these parallels. There are fundamental differences between thinking about
past and future events that need to be kept in clear view if we are to make progress
in understanding the nature of mental time travel. The reviewed evidence suggests
that mental time travel is based on a complex system selected not for accuracy
about past and future per se, but for fitness benefits. Functional analyses promise
to lead to fruitful avenues for future research. © 2009 John Wiley & Sons, Ltd. WIREs
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‘It’s a poor sort of memory that only works back-
wards’, the Queen remarked. (Lewis Carroll, 1871,
Through the Looking Glass)

oes memory work forwards as well as backward?

In some sense perhaps it does. Adult humans
can not only mentally travel back to experiences of
the past but can also cast their minds forwards, as
it were, to imagine potential future scenarios. For
example, you may remember the last talk you gave
and you may also imagine the next presentation
you are scheduled to give.! Episodic memory and
what T suggest we call episodic foresight* may in
fact depend on similar neurocognitive resources.”™®
Furthermore, an evolutionary perspective suggests
that natural selection cannot work on accuracy of
past recollections per se, but only on what episodic
memory does for present and future survival and
reproduction. And one thing episodic memory can do
is to inform about what is likely to happen in future.
Thus, it has been argued that our ability to recollect
past events is primarily a design feature of the foresight
system.>* Memory that only works backwards may
be poor indeed.
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Tulving” was the first to note that an amnesic
patient, who had no recollection of any event that
had ever happened to him, was similarly unable
to answer questions about events that he may
experience in the future. Suddendorf and Corballis®
subsequently developed the idea that mental time
travel into both past and future are closely linked
and proposed that the evolution of this faculty was
a key milestone in human evolution. After many
decades of preoccupation with memory research,
psychologists and neuroscientists are increasingly
recognizing the importance of foresight and its
relation to memory.>* %310 The last 3 years in
particular have seen a surge of new evidence linking
memory and imagination of the future. In fact,
this topic was singled out as one of the scientific
breakthroughs of 2007 (Science, December 21,
pp. 1848-1849). Commonalities have been uncovered
in brain imagining studies, in studies of cognitive
impairments, phenomenology, and development (see
below).

There are also innovative studies on nonhuman
animals that have described connections between
memory and future-directed decisions.!'~!3 However,
these studies deal with the immediate future (e.g.,
turning one way or the other) and do not measure
episodic memory or episodic foresight. In fact, it is
unclear whether nonhuman species have a capacity
comparable to the human faculty (for reviews, see
Refs 1,4,14-17). It remains possible and plausible
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that the evolution of mental time travel was a prime
mover in human evolution.!® Both travels into past
and future occupy significant parts of human mental
life and are critical to many human endeavors ranging
from business to law and from religion to agriculture.

Here, 1 will review evidence for these links
between episodic memory and episodic foresight and
then highlight some key differences. Such differences
need not undermine the power of the recent evidence
for links, but are important to qualify the parallels.
A functional look at mental time travel predicts both
similarities and differences, and points to promising
new experimental avenues.

SIMILARITIES BETWEEN EPISODIC
MEMORY AND EPISODIC FORESIGHT

Tulving’s original descriptions of parallel impairment,
in episodic memory and in imagining future events,
has been confirmed in subsequent studies on profound
amnesia.”»!®2! For example, when amnesic patients
with bilateral hippocampal damage were asked to
generate new experiences from cue words, their scores
for the detail and coherence of the imagined scenarios
fell well below those of a control group.'® A case study
of an amnesic patient who persistently confabulated
about the personal past reports similar confabulations
about the personal future, but not in other contexts.??
Abnormalities of mental time travel may be associated
with various other psychopathologies.”> Clinical
conditions in which mental time travel in both
temporal directions appears to be disturbed include
depression”* and schizophrenia.>> Even in clinically
normal people, a parallel decline of mental time travel
detail into past and future is associated with advanced
age.?®

Brain imaging data suggest that there is a
strong overlap between activation associated with
remembering past events and imagining future events.
Okuda et al.’s 2’ pioneering positron emission tomog-
raphy (PET) study found largely equivalent activity in
the frontal poles and medial temporal lobes when
participants remembered past or imagined future
episodes. Thinking about more temporally distant
events in either direction is associated with increased
activity,?>*® perhaps because such representation
requires more construction efforts. Functional mag-
netic resonance imaging (fMRI) studies have made
further progress at identifying the network involved
in constructing both past and future events and point
to regions of the medial prefrontal cortex, and lateral

and medial parts of the parietal cortex and temporal
lobes.?%-30
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Introspective data suggest further similarities.
Detail, perspective, coherence, and other phenomeno-
logical characteristics appear to have similarities when
people travel mentally into past or future. Consider
the opening example of imagining the next talk you
will give and remembering the last one you did give
as an introspective exercise. Studies on the reported
phenomenological richness of remembered and imag-
ined events have documented such parallels.3"3> For
example, more distant events tend to be more abstract
and decontextualized than events closer in time.3!-33
Furthermore, in a study on the temporal spread of
events, participants’ reports yielded parallels between
past and future distributions.?*

Finally, while much of children’s understanding
of time develops relatively late, 3° early milestones
in both episodic memory and episodic foresight
appear between ages 4 and 5 (for reviews, see
Refs 36-38). Busby and Suddendorf3 adapted the
simple questionnaire methodology used with amnesic
patients”*? to ask young children to report something
they did yesterday and something they were going to
do tomorrow. The ability to provide a likely correct
answer for one coemerged with the ability to do so
for the other question.

These observed links between episodic mem-
ory and episodic foresight were predicted by early
analyses,>*? and have recently informed a range of
new or revised theories about what might cause them.
There are basically two, not mutually exclusive, ways
that have been suggested to account for these links.
One is to argue that both draw on the same neurocog-
nitive resources. Different proposals have emphasized
different shared underlying capacities, ranging from
a specific kind of consciousness (autonoetic con-
sciousness) to shared processes required for episodic
simulations.**1:42 What is shared here may not be
exclusive to episodic memory and episodic foresight
either. It has been proposed that these processes are
also involved in theory of mind,?> and, more recently,
in certain forms of navigation,® in fiction,** and in
other cognitive processes that transcend the here and
now.*

The second way to account for these observed
links is to argue that episodic memory is an integral
part of the foresight and planning system. Episodic
memory may provide the raw material to construct
potential future events.l3**4 In a direct way,
memory for past episodes can be projected into the
future. The reaction my dog had yesterday to my
attempt to steal his bone may provide a fair prediction
for what will happen tomorrow should I attempt
to do the same thing. But humans do not merely
predict that what happened in the past will reoccur.
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I can imagine events that have never happened to
me and evaluate them.!®*¢ For example, I might
imagine what would happen if T were to distract
the dog first and then go for the bone. Humans
can entertain reasonable predictions about a virtually
infinite number of different future scenarios. For
example, you can probably judge if you would enjoy a
banana milkshake with horseradish without having
had the experience of this combination. Episodic
memory (together with other memory systems) may
hence provide the vocabulary for episodic foresight.
Humans can recursively combine and recombine basic
elements into novel scenarios and evaluate these in
terms of their likelihood, desirability and so forth.

However, in spite of these reasons to expect
links, there are also important differences between
episodic memory and episodic foresight that we should
not overlook in the excitement about new evidence for
parallels. To those we shall turn next.

DIFFERENCES BETWEEN EPISODIC
MEMORY AND EPISODIC FORESIGHT

There is of course a most profound causal asymmetry
between future and past events. We cannot change
the past and we do not have clairvoyant capacities
for the future. Time’s arrow relentlessly moves in
one direction only. The future is more important,
but cannot be known with certainty; the past
may be knowable, but cannot be changed. These
fundamental differences must be taken into account
by any efficient neurocognitive system representing
temporally displaced events. People are typically not
confused about whether they are mentally entertaining
a past event or a potential future scenario (or
fiction), but it remains unclear how exactly these
are distinguished. One phenomenological difference
that might be used is that future event representations
contain less detail than representations of remembered
events.>! Whatever the mechanism, the distinctions
should also be evident in the underlying neuronal
processes.

Differences in Brain Imaging Data

Okuda et al.?” found that areas in the anteromedial
frontal pole and medial temporal lobe showed greater
activation when subjects imagined future events than
when they were asked to remember past events.
More recent fMRI studies also found more activation
for future tasks in the anterior hippocampus®® and
in regions (e.g., left lateral premotor cortex, left
precuneus, and right posterior cerebellum) associated
with imagined body movement.3 Yet, some imaging
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studies have found greater activity for recalling
past events rather than imagining future events.*’~#
However, in these latter studies the future events were
not being generated during the scan, but recalled
during the scan. The participants were asked to
imagine future events before going into the scanner.
Thus, what is measured here is the memory of episodic
foresight.’%*! Given that memories of imagined events
involve typically less details than memories of real
experiences,’' they may thus recruit fewer resources
during retrieval.

Differences in Development

Children appear to discriminate between the times of
past events before they can do so for future events.>
A recent study compared past and future versions of
such tasks directly.>> When asked to place past events
on a spatial time line, 3-year-old children placed daily
events (e.g., brushing teeth) and annual events (e.g.,
last birthday) closer to the present than events several
years ago. But they failed to discriminate between
daily and annual events as well as between the times
of future events. Four-year-olds performed like 3-year-
olds on the past version, but also demonstrated the
first evidence of discriminating future events. They
placed daily events (e.g., next dinner) closer to the
present than annual events (e.g., next Christmas)
and events several years into the future (e.g., getting
married). However, they did not place annual events
and those several years into the future differently.
Children’s failures may of course be due to any
number of reasons such as difficulties with the spatial
metaphor and different knowledge about the events in
questions. But above-chance performance does show
some competence. By age 5, children demonstrated
some capacity for discrimination between all three
past and future categories.

A recent study on children’s ability to make
inferences from temporal order information found
that 4-year-olds succeeded at simple versions of the
past but not the future task.’®> Children had to
determine where an object was left or where an
object should be so that a protagonist could achieve a
certain goal. Again, by age 5 there was evidence that
children could solve both the search and the planning
task. Finally, studies on parent—child communication
and their relation to children’s reporting of past and
future events have also produced some evidence to
suggest that developments relating to memory precede
those relating to foresight.3”»**%5 Parents talking
about past events with their children may also serve
socioemotional functions (such as bonding) in ways
that mutual talk about the future may not.
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Even the approach that has documented that
children who can report what they did do yesterday
also were able to say something they are going to
do tomorrow>’ points to some important differences.
I recently replicated the main finding and probed
children not only for one but for more answers.*®
The results showed a strong association between the
quantity of responses for past and future questions.
Similar questions that did not have a temporal,
episodic component (e.g., ‘tell me all the things that
you can think of that are round’) were included to
examine the potential role of verbal fluency, generative
abilities, or motivation. The correlation between
reported episodic memory and episodic foresight
continued to be significant even when controlling for
children’s capacity to answer nontemporal questions.
However, the results also demonstrated a difference.
The verbal generativity measure was only associated
with reporting future events, not with reporting past
events. This suggests that future simulations may
require a different measure of creative construction
than reconstruction of a past event that has in fact
happened in one particular way. Thus, although both
past and future mental time travel may draw on
a shared capacity for active construction,*?’ there
may be systematic differences because the future is
less constrained in possibilities than the past. This
difference may also lead to differences in the errors
and biases that are typical of episodic memory and
episodic foresight, to which we turn next.

Differences in Errors and Biases

A long research tradition has established that episodic
memory is not a neutral, accurate account of past
events, but is subject to a range of errors and
distortions.>”? In a review, Schacter®® classifies
these as different types of forgetting (transience,
absent-mindedness, blocking), types of distortions
(misattribution, suggestibility, bias), and intrusions
that are difficult to forget. Some of these errors may
reflect adaptive processes associated with imagining
the future.** For example, when presented with
words associated with sleep people tend to later
mistakenly claim to recognize other words associated
with sleep that were not on that original list. This false
recognition may reflect that episodic memory stores
the gist of events (i.e., there were words associated
with sleep on that list) rather than faithful details
because there are storage constraints, but also because
a system for rote records cannot flexibly simulate
novel future events.’! Episodic memories may be
actively constructed in much the same way as future
simulations are (e.g., see Refs 3,41), but the flexibility
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of such a system, while an asset for foresight, may not
always serve well for record keeping of past events.
As noted earlier, evolution could not have directly
selected for accuracy of memory per se.

Another difference between past and future that
may result in different biases is that, because one’s
life time is finite and we travel in only one direction,
the relative time one has left decreases while the
relative time lived increases. When older people are
asked to generate past events, they are typically biased
toward reporting events from the immediate past and
from the period of early adulthood.®> The formative
years may stand out because they tend to contain
many novel experiences (e.g., the first kiss) where
episodic retention may be particularly important.*
This phenomenon in the distribution of people’s
recollection is often called the reminiscence bump
and there is no parallel in form of a prospection
bump. Thus, in spite of some similarities in the
temporal distribution of events one might entertain
about the past and future,** there must also be notable
differences. As one approaches one’s death, there
is little realistic point in projecting distant personal
future events (other than in the hope of an afterlife).
There are also motivational changes associated with
this realization. For example, people’s motivation
typically switches from knowledge-related goals to
emotional goals in light of foreseen endings.®® Time’s
arrow and natural selection place different premiums
on approaching events than on preceding events.

In spite of the fact that humans rely heavily on
foresight,!® accurate prediction of the future is often
impossible. Human predictions are at times spectacu-
larly off the mark, as vividly illustrated by the extreme
miscalculations typical of the annual winners of
the Darwin awards (http://www.darwinawards.com/).
Since Kahneman and Tversky’s seminal work (e.g.,
see Ref 64), everyday heuristics and biases in people’s
predictions have been extensively studied, although
only some of these require episodic processing. Peo-
ple tend to systematically underestimate the time it
takes to complete a task in spite of ample previous
experience, perhaps to motivate future attempts.®
In general, humans appear to foresee more positive
future events than one can extrapolate rationally from
past events. This positivity is associated with specific
neural correlates®® and may have profound selective
advantages over more negative but realistic expec-
tations. Conversely, there may be an advantage to
overestimate future regret to motivate current goal
pursuits. Indeed, people systematically overestimate
the amount of regret they would feel if a future event
did not turn out to be a success.®”
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Biases in affective forecasting have been exam-
ined in a range of recent studies. In their review,
Gilbert and Wilson'® concluded that simulations of
future events tend not to be based on representa-
tive sampling, but are typically extrapolations of the
most recent or most salient past memory of related
events. For example, when asked to imagine missing a
train, people tend to recall the last time such an event
occurred or their most extreme experience of that sort.
This leads them to expect the next train-missing event
be more painful then one should if estimates were
based on the average past experience. The salience of
the most recent memory for prediction is particularly
strong. Salience may also explain the hindsight bias,
the misconception that an event was more predictable
than in fact it was before it took place. What in fact
happened is more salient than what did not happen,
and thus may be thought of as more predictable. This
may be an adaptive bias in that it encourages the
learning of prediction (even if it overestimates the
likelihood of success).

In spite of long learning histories, however,
there appear to be systematic differences between
anticipated and retrospective views on events and
their affective consequences. For example, compared
to how people feel once an event has happened, people
tend to overestimate how happy they will be if it is a
desired event and how unhappy if it is an undesired
event. A main reason for this may be that contextual
factors other than the event itself tend to influence how
one will actually experience and remember an event.!”
Gilbert and Wilson!? highlight that foresight tends to
be essentialized and abbreviated. Mental simulations
of future events typically reflect the gist of an event and
not the details and contexts. Although we can fill in
detail, we tend to focus on the defining characteristics
of a future event. For example, we may imagine going
on a holiday to a particular place, without simulating
details about how to get there, where to bank and
so forth. In abbreviating episodic foresight, we may
overlook details crucial to the hedonic nature of the
actual experience.

It should be clear from these examples that it
is not the accuracy of our predictions per se that
have been selected for, but fitness benefits. Over-
and underestimations of the sorts discussed here may
reflect useful biases from an evolutionary perspective.
Episodic foresight can only affect fitness if it influences
action. It therefore must compete with the other
current motivators.®® Exaggeration of positive and
negative outcomes may help selection of adaptive
future-directed actions. So there is a parallel with
the errors and biases in episodic memory in that an
evolutionary perspective on both episodic memory
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and episodic foresight suggests that accuracy is not
the key yardstick, but fitness consequences are. These
consequences, however, resulted in different sets of
characteristic errors and biases.

The fitness benefit of episodic memory may not
be restricted to informing episodic foresight however.
Episodic memory may affect current decision making
in other adaptive ways.

ADAPTIVE EPISODIC MEMORY

There is evidence to suggest that cognitive forms
fit evolutionary functions. Consider for example
the research on basic perceptual judgments about
distance. One might expect that humans would
make some errors, but are reasonably consistent
in their assessments. However, it has become clear
that people’s goals and current states systematically
influence such judgments. Thus, an object appears
farther away, for instance, when one is wearing
a heavy backpack than when one is not; and it
appears farther away when one intends to throw a
heavy ball rather than when one intends to walk
there.®? The effort involved in performing distance
relevant actions as well as the person’s intentions
influence perceptual judgments. An adaptive function
of perception would appear to be to inform about
immediate future potentials. Episodic memory may
similarly harbor characteristics that point to adaptive
functions.

Klein and colleagues have conducted some
pioneering work on this possibility. One aspect
of episodic memory they examined is its potential
function in the context of judging the traits of
other people and they devised a clever priming
paradigm to study this.”® Retrieval of episodic
information at the appropriate time is naturally
important. The study found evidence to suggest that
when people retrieve generalizations about character
traits, episodes that are inconsistent are primed. For
example, the generalization ‘I am a generous person’
may prime memory of occasions when I was stingy.
Although good predictions can be made on the basis of
trait summaries, these inconsistent episodes effectively
offer boundary conditions for such generalizations
and hence allow for more measured predictions of
future action (e.g., will T be generous in this future
situation?). Thus, while semantic generalizations may
offer a speedy trait summary, episodic information
provides a detailed context for appropriate decision
making.

An important adaptive advantage of episodic
memory probably is that it allows us to learn from
the same event more than once. We can mentally
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revisit events and compare them to similar and related
episodic memories. In the light of new information,
we may then revaluate past events and what they
can teach us. Klein et al.”! showed that whereas trait
summaries may be formed across many experiences,
access to detailed episodes makes it possible to
connect events and reassess them as a whole. For
example, frequent visits and helpful behavior of
an acquaintance tend to be reevaluated when one
learns that this person is attracted to one’s partner.
The experimenters tried to examine this ability by
presenting participants with two brief stories about a
character. Considered by themselves the stories create
a positive impression (e.g., the protagonist is with
a lover), but when considered together they reveal
a different picture (e.g., the protagonist is cheating).
When presented with the stories 1 h apart, participants
changed their assessment of the protagonist from the
original assessment, but when the delay was 1 month
and subjects lacked detailed recollection, they did
not. Klein et al. also gave such a task to an amnesic
patient (D.B.) and found that upon repeated exposure
he could form a positive impression of a person.
However, lacking episodic memory, he was unable
to reassess this in light of new information. The
authors conclude that one important evolved function
of episodic memory is its role in evaluating and
predicting social others. Other functions may have
more to do with the self.

Storage constraints make it of course impossible
to retain every episode one experiences. Thus, what
and how we remember likely reflects fitness benefits.”?
Recent studies have suggested that memory for
survival-related information may in fact be better
than memory for other types of information.” I argue
that foresight is a key human survival strategy for
humans'® and episodic memory may indeed have
evolved to support that system. Klein etal. (in
prep) found that memory is improved if there is a
future-directed purpose involved. Participants studied
the same list of object words in the context of
one of four conditions. In three of the conditions,
they were asked to imagine a future camping trip,
to remember a past camping trip, or to imagine
a trip without a temporal placement. Finally, a
fourth condition drew attention to the survival-related
value of the objects. The future-oriented condition
resulted in significantly higher recall than any of
the other conditions. This bias substantiates the
claim that memory evolved in aid of the foresight
system. In fact, humans often take advantage of
opportunities in ways that suggest some form of
predictive encoding: the storing of pending goals
and associated anticipated environmental features.”*
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This allows for quick recognition of opportunities to
achieve those goals in future.

We have recently begun to study the develop-
ment of the use of episodic memory for future-directed
decision making in young children.”> Children were
given an opportunity to prepare now, based on
memory of a specific past experience, for what might
happen in the future. Three and 4-year-old children
were given a problem (e.g., a puzzle box) that they
can solve when presented with the opportunity right
away. However, when children were distracted for
15 min before given the chance to secure a solution,
only 4-year-olds performed above chance. These
children selected the right object to take back to
the problem: selecting a solution they had not seen
before to a problem they could no longer see. Their
own verbal reports support the conclusion that they
remembered the novel problem sufficiently enough
to recognize a solution and select that solution in
anticipation of applying it to the future problem.
This is an example, then, of linking episodic memory
to inform present choices with an eye to the future.
Children need to learn to make such connections for
themselves but also to understand (and predict) why
other people act the way they do. Lagattuta,’® for
instance, showed how preschoolers increasingly come
to appreciate why someone else is worried when an
object that harmed this person in the past reappears.
This linking of past, present, and future deserves far
more empirical attention than it has received thus far.

The relation between memory and foresight
is very complex. The separation between past and
future is not absolute but dynamic because the future
becomes the past. Today’s plans become memories
of plans tomorrow, and next week they may be
memories of plans for events that have already passed.
People reason about the match or mismatch between
memory of what was expected and memory of what
actually occurred and this analysis informs their next
anticipations. This cycle of prediction, comparisons
between memories, updating of explanations, and
forming new predictions, is extremely powerful. In
fact much of human’s outstanding learning might
draw on this. The cycle depends, though, on updating
and not confusing the different representations of
future, presence, and past (not to mention the
complicating issues of fiction and other people’s
communicated event representations).

CONCLUSION

The relationship between episodic memory and
episodic foresight is complex and dynamic. In the last
3 years, many commonalities have been documented.
Here, I have also emphasized some of the differences in
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the hope of contributing to a clearer understanding of
the nature of the links that have been observed. There
are grounds to argue that both episodic memory and
episodic foresight draw on the same neurocognitive
resources. However, episodic memory may also be an
integral part of the foresight system. This is reflected in
various differences, for instance, in development and
in typical errors and biases. New evidence suggests
that episodic memory has a range of future-oriented
adaptive characteristics. A functional analysis deserves
more research attention. We are only beginning to
document the nature of the similarities and differences
between episodic memory and episodic foresight.
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