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of remembering the past and imagining the future
on other information in memory. Participants
studied sets of events associated with a given set
of contextual retrieval cues. Then, using a subset
of those cues, participants were asked to either
retrieve past events from autobiographical mem-
ory or construct self-referential, novel, yet plau-
sible future events. Following a brief delay,
participants were given a cued-recall test for the
studied events from each set. If remembering the
past does cause forgetting, then studied events
associated with cues used to remember the past
should become less recallable on the final mem-
ory test. Likewise if imagining the future causes
forgetting, then studied events associated with
cues used to imagine the future should become
less recallable on the final memory test.

We expect the results of this investigation to
have important implications for understanding
the nature and dynamics of both retrieval-induced
forgetting and future episodic thinking. In regard
to retrieval-induced forgetting, research has
shown that after having participants retrieve
multiple autobiographical memories associated
to a given cue, practising the retrieval of a subset
of those memories can cause the forgetting of the
other memories related to that cue (e.g., Barnier,
Hung, & Conway, 2004; Wessel & Hauer, 2006).
However, the present study is the first to examine
whether the retrieval of events from auto-
biographical memory can cause forgetting. Such a
demonstration would also be the first to show that
remembering self-relevant information can cause
the forgetting of other-person-relevant informa-
tion, provided that the information is associated
to the same retrieval cues. These demonstrations
are important for extending evidence of retrieval-
induced forgetting beyond the standard paradigm
and standard set of materials. Finally, an impor-
tant question in the retrieval-induced forgetting
literature concerns the type of processes that
cause forgetting versus those that do not. On
one hand, future episodic thinking is similar to
other types of generative tasks that have been
shown to cause forgetting (e.g., Bauml, 2002;
Saunders et al., 2009; Storm et al., 2006) all of
which involve the need to generate a target item
in the face of competition from related, yet
inappropriate items. On the other hand, as
discussed above, certain aspects of imagining the
future may make inhibition unnecessary.

The current study also has the potential to
inform theoretical accounts of future episodic
thinking. Based on a wide array of evidence,

researchers have convincingly argued that re-
membering the past and imagining the future
involve a highly similar set of cognitive and neural
processes (for reviews see Schacter et al., 2007,
2008; Szpunar, 2010). If this is the case then it
stands to reason that remembering the past and
imagining the future should have similar conse-
quences on the accessibility of other information
in memory. If we were to find that remembering
the past causes forgetting but imagining the future
does not, then such a result would provide
evidence that there may be an important differ-
ence between the two processes.

A total of 40 undergraduate stu-
dents (13 male and 27 female) from the Uni-
versity of Illinois at Chicago ( age 19.7)
participated for partial credit in an introductory
psychology course.

A total of 20 sets of events were
created for participants to study. Each set was
associated with a specific individual and a specific
context. The contexts were common settings or
occurrences experienced by most individuals (e.g.,

, , ). Each set con-
sisted of three sentences that applied to a single
individual within a context (e.g.,

), and each sentence described a single event
that consisted of two key elements (e.g.,

). These elements (i.e.,
, ) were used in the scoring

of recall on the final test.

The experiment consisted of two
main phases: retrieval/imagining and cued-recall.
The retrieval/imagining phase consisted of 20
trials.1 On each trial three events associated

1 It should be noted that this paradigm differs somewhat
from the standard retrieval practice paradigm (Anderson
et al., 1994). In the standard paradigm participants are first
exposed to all items in an initial study phase and then, in a
separate phase, engage in retrieval practice for a subset of
those items. In the current paradigm a trial by trial procedure
was employed such that participants engaged in retrieval
practice immediately following the study of information on
some trials but not on other trials. Importantly, retrieval-
induced forgetting has been reliably demonstrated using this
type of paradigm (e.g., Storm, Bjork, & Bjork, 2005, 2007;
Storm & Nestojko, 2010).
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with a given individual/context were presented on
the computer screen, and participants were given
30 seconds to study those events. Participants
were warned that they might be tested on the
events later in the experiment. On five of the
trials participants were asked to retrieve episodic
events from autobiographical memory that were
associated with the studied context. For example,
if a participant studied events associated with

and , then that participant would
subsequently be given 15 seconds to recall an
autobiographical episodic memory that took
place at the park during the past year. This
process was repeated four times successively,
such that participants retrieved four unique auto-
biographical memories associated with that parti-
cular context. On another five trials participants
were asked to imagine themselves in the future by
constructing episodic simulations that were also
associated with the studied context. As in the past
retrieval condition, participants were given 15
seconds to imagine each of four novel, yet
plausible, future simulations that might take place
in the next year. Importantly, participants were
instructed to remember/imagine events different
from those which they had just studied. Partici-
pants were asked to rate each past and future
construction in terms of clarity, detail, emotion,
and perspective. Clarity, detail, and emotion were
rated on a 6-point scale, with 1 indicating a low
degree of that characteristic, and 6 indicating a
high degree of that characteristic. Participants
rated perspective by indicating whether they
experienced their recollection/image from the
perspective of an outside observer (observer
perspective) or from the perspective of actually
being there (field perspective).

Ten trials served as baseline. On these trials
participants studied the set of events but did not
engage in any form of past retrieval or future
imagining. The baseline trials were interleaved
with the past retrieval and future imagining trials
in a semi-random order such that participants
could not predict the condition that a given study
set was in. The sets of studied events were
counterbalanced across participants such that
each served equally often in the past retrieval,
future imagining, and respective baseline condi-
tions. The first half of the trials always consisted
of five baseline trials interleaved with either five
past retrieval trials or five future imagining trials.
Consequently, the second half of the trials always
consisted of five baseline trials interleaved with
the type of trials that was not included in the first

half. The order of the past retrieval and future
imagining conditions was counterbalanced across
participants, and, importantly, recall performance
for events associated with past retrieval and
future imagining was compared to recall perfor-
mance for events associated with adjacent base-
line trials.

After completing the retrieval/imagining
phase, participants were given a 3-minute non-
verbal distractor task, followed by a final cued-
recall task for the studied events. Participants
were provided a context label and individual
name (e.g., ) and then given 20
seconds to recall out loud to the experimenter
the three studied events associated with that
context and name. This was repeated for each of
the 20 event sets, with the order of the sets
determined via blocked randomisation. All re-
sponses were recorded and scored as correct if
both key elements from a single event were
recalled. Responses were scored as incorrect if
only one key element was recalled, or if a key
element was recalled in association to the wrong
retrieval cue. We used this scoring method to
ensure that participants were recalling the same
events that had been studied, and not recalling
parts of the events or constructing new events
using pieces of the events that had been studied.
It is important to note that participants were
never tested on their ability to recall the auto-
biographical events that they either retrieved or
imagined.

As
can be seen in Table 1, participants rated their
past retrievals to be somewhat more clear,
detailed, and emotional than their future imagin-
ings. The difference was statistically significant in
terms of clarity, (39) 2.27, B .05, .36, and
detail, (39) � 2.29, B .05, .36, but not in
terms of emotionality, (39) 1.20, � .05,

.19. No significant difference was observed
in terms of perspective, (39) 1.49, � .05,

.24; participants experienced past retrievals
and future imaginings from a field perspective
68% and 63% of the time, respectively. These
small differences are consistent with what has
been observed in prior research (D Argembeau &
Van der Linden, 2004, 2006).
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The mean proportions of
studied events recalled on the final test are shown
in Figure 1 as a function of whether they were
associated with trials involving past retrieval,
future imagining, or baseline. A 2 (Baseline vs
Retrieval/Imagining) 2 (Past vs Future) re-
peated measures Analysis of Variance (ANOVA)
revealed a significant interaction, (1, 39) 5.31,

.08, B .05, h .12. Studied events asso-
ciated with remembering the past ( .30;

.03) were recalled significantly worse than
baseline studied events ( .39; .04),
(39) 3.24, B .01, .53. However, studied

events associated with imagining the future
( .35; .03) were not recalled differently
from baseline ( .35; .04), (39) B 1,
� .05, .02. In other words, retrieving past

autobiographical memories caused the forgetting
of studied information, whereas imagining future
autobiographical simulations did not.

We believe it is most appropriate to compare
recall performance in the past and future condi-
tions with their own respective baseline condi-

tions. Nevertheless, it is somewhat peculiar that
baseline recall was lower in the future condition
than in the past condition. Thus we re-analysed
the data by comparing performance in the re-
membering and future imagining conditions with
the average baseline performance, combined
across the experimental conditions ( .37,

.03) studied events associated with re-
membering the past were still recalled signifi-
cantly worse than baseline, (39) 2.97, B .01,

.47, whereas studied events associated with
imagining the future were not, (39) B 1, � .05,

.14.

Results from the first experiment suggest an
important difference between remembering the
past and imagining the future. Whereas retrieving
past autobiographical events caused the forget-
ting of studied events associated with the same
contextual cues, imagining future autobiographi-
cal events did not. The forgetting observed in the
past condition replicates and extends evidence of
retrieval-induced forgetting by demonstrating for
the first time that retrieval from autobiographical
memory can cause the forgetting of related
studied information. The fact that imagining the
future failed to cause forgetting is, from one
perspective, somewhat surprising. Participants
were instructed to imagine novel, yet plausible,
future events, which should presumably have
required the inhibition and forgetting of the
studied events associated with that context. How-
ever, from another perspective these results are
not surprising as aspects of the task may have
obviated any need for inhibition by reducing
competition. Furthermore, it is possible that

Figure 1. Proportion of studied events recalled correctly in
the past retrieval and future imagining conditions of Experi-
ment 1. Error bars represent standard errors.

Means (SD) for clarity, detail, and emotionality of participants' past and future event generations, Experiments 1 3

Experiment 1
Past retrieval 4.14 (.76) 3.92 (.77) 3.39 (1.02)
Future imagining 3.87 (.81) 3.67 (.79) 3.24 (.90)

Experiment 2
Past retrieval 4.07 (.61) 4.02 (.52) 3.51 (.69)
Future imagining 3.86 (.72) 3.79 (.68) 3.40 (.79)

Experiment 3
Past imagining 3.95 (.68) 3.85 (.70) 3.41 (.72)
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participants were able to effectively use the
studied events to mediate the constructive pro-
cess. That is, participants may have used the
studied events as cues by which to generate
the future simulations. Work on retrieval-induced
forgetting has shown that if retrieval practice
is designed in such a way that non-target items
mediate the retrieval of target items, then
retrieval of the target items will not cause the
forgetting of the non-target items (e.g., Chan
et al., 2006).

The second experiment sought to replicate the
results of the first experiment while applying
greater control over how participants went about
remembering the past and imagining the future.
Specifically, participants were provided two key-
words to guide their retrieval and imagining
efforts. For example, rather than being asked to
simply remember or imagine an episodic event
experienced at the , participants were asked
to remember or imagine an episodic event
experienced at the that involved
and . This subtle yet important change
should reduce differences in how participants go
about remembering the past and imagining the
future. In particular, the keywords should guide
participants to retrieve/imagine episodic events
different from those presented in the study set
and thus make participants less likely to use the
studied events as mediators in the constructive
process.

A total of 40 undergraduate students (13 male
and 27 female) from the University of Illinois at
Chicago ( age 19.3) participated for partial
credit in an introductory psychology course. The
materials and procedure were identical to those
employed in Experiment 1 except for one im-
portant difference: in addition to being provided a
context (e.g., ) during past retrieval and
future imagining, participants were also provided
two keywords (e.g., , ). A different
pair of keywords was provided for each of the
four retrievals/imaginings on a given trial. Parti-
cipants were instructed to use the keywords to
guide their retrieval/imagining efforts. Impor-
tantly, the keywords were unrelated to any of
the three events within the associated set and,
once again, participants were instructed to only
remember/imagine events different from those
that were studied.

Clarity, detail, and emotionality ratings are shown
in Table 1. As in the first experiment, participants
rated their past retrievals to be somewhat more
clear, detailed, and emotional than their future
generations. The difference was statistically sig-
nificant in terms of clarity, (39) 2.34, B .05,

.38, and detail, (39) � 2.37, B .05, .39,
but not in terms of emotionality, (39) 1.03,
� .05, .17. A significant difference was

observed in terms of perspective, (39) 3.81,
B .001, .63. Participants experienced past

retrievals from a field perspective on 76%
( .02) of the trials, whereas they experienced
future imaginings from a field perspective on only
61% ( .04) of the trials. Once again, these
differences are consistent with what has been
observed in prior research (D Argembeau & Van
der Linden, 2004, 2006).

The mean proportions of
studied events recalled on the final test are
shown in Figure 2 as a function of experimental
condition. A 2 (Baseline vs Retrieval/
Imagine) 2 (Past vs Future) repeated-measures
ANOVA revealed a significant interaction,

(1, 39) 6.92, .09, B .05, h .15.
In a nearly perfect replication of Experiment 1,
studied events associated with remembering the
past ( .28; .03) were recalled signifi-
cantly worse than baseline ( .37; .03),
(39) 3.59, B .001, .57, whereas studied

events associated with imagining the future
( .32; .04) were not recalled differently
from baseline ( .32; .03) , (39) B 1,
� .05, .01. Once again, retrieval of past

Figure 2. Proportion of studied events recalled correctly in
the past retrieval and future imagining conditions of Experi-
ment 2. Error bars represent standard errors.
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autobiographical memories caused forgetting,
whereas imagining future autobiographical simu-
lations did not. Interestingly, as in the first
experiment, baseline recall was lower in the
future condition than in the past condition.
However, when we re-analysed the data by
comparing performance in the remembering and
future imagining conditions with the average
baseline performance, combined across the ex-
perimental conditions ( .34, .02), once
again we found that studied events associated
with remembering the past were recalled signifi-
cantly worse than baseline, (39) 3.02, B .01,

.48, whereas studied events associated with
imagining the future were not, (39) B 1, � .05,

.16.
One might wonder why baseline performance

differed across the remembering and imagining
conditions. One possibility is that aspects of the
task made it more difficult for participants to
recall studied items interleaved with future ima-
gining compared to studied items interleaved with
past remembering. Perhaps the imagining task
was distracting or interfered with the encoding or
retrieval of the studied information. Although we
cannot say for sure what caused this difference in
recall, we can assume that it influenced both the
baseline items as well as the items associated with
subsequent imagining/remembering. Thus the dif-
ference in baseline cannot explain the observed
interaction. Even if imagining future events
caused the adjacent studied events to become
less recallable (relative to remembering past
events), this does not explain why we failed to
find a difference between the studied events that
were associated with future imagining and those
that were not associated with future imagining.2

The first two experiments demonstrate that re-
trieving a past episodic event from autobiographi-
cal memory can cause the forgetting of related
information, whereas imagining a novel, yet plau-
sible, future event does not. As pointed out by
Addis et al. (2009), however, comparisons be-
tween remembering the past and imagining the
future suffer from a subtle experimental con-
found namely, imagining the future is different
from remembering the past in two respects: first, it
involves imagining novel events as opposed to
recalling experienced events; and second, it in-
volves mental time travel into the future, as
opposed to the past. To address this issue Addis
et al. (2009) created a new condition in which
participants were instructed to imagine the past,
unconfounding process (remembering vs imagin-
ing) from temporal direction (past vs future). They
found that imagining the past and imagining the
future relied on the same neural system, the

, which is presumed to under-
lie the processes necessary to recombine details
from memory into an imagined episodic event,
regardless of whether that event takes place in the
past or future. To address the confounding be-
tween process and temporal direction, we asked
participants in the third experiment to imagine
novel, yet plausible, events in their own past.

A total
of 40 undergraduate students (9 male and 31
female) from the University of Illinois at Chicago
( years of age 18.8) participated for partial
credit in an introductory psychology course. The
materials and procedure were identical to those
employed in Experiment 2 except for two im-
portant differences: first, participants were asked
to imagine novel, yet plausible, past events
associated with the context cues and keywords
provided; second, there were only 10 trials in
total. Five trials involved imagining past events,
the other five trials served as baseline.

As can be seen
in Table 1, clarity, detail, and emotionality ratings

2 Interestingly, the difference in baseline recall in the past
and future conditions only emerged in the second half of
the trials. Thus by analysing only the initial 10 trials in the first
two experiments we can compare the consequences of
remembering the past and imagining the future on a
between-participants basis and with nearly equivalent baseline
performance. A 2 (Baseline vs Retrieval/Imagine) 2 (Past vs
Future) mixed-design ANOVA revealed a significant interac-
tion, (1, 78) 6.09, .11, B .05, h .07. Studied
events associated with remembering the past ( .25;

.03) were recalled significantly worse than baseline
( .34; .03), (39) 3.16, B .01, .50, whereas
studied events associated with imaging the future ( .34;

.03) were not recalled worse than baseline ( .32;

.03), (39) B 1, � .05, .08. These results provide
additional evidence that the interaction between forgetting in
the past and future conditions is not driven by differences in
baseline performance.
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were very similar to those observed in the future
imagining condition of Experiment 2, suggesting
from a phenomenological standpoint that partici-
pants experienced past and future imaginings in a
similar way. Participants experienced past imagin-
ings from a field perspective 68% of the time
( 14% ).

A planned -test comparison
demonstrated that studied events associated with
contexts used to imagine the past ( .35;

.03) were not recalled differently from
studied events in the baseline condition
( .34; .03), (39) B 1, � .05. Just as
imagining the future failed to cause forgetting, so
imagining the past also failed to cause forgetting.
This finding strongly suggests that the temporal
component in imagining the future is not respon-
sible for protecting related information from
being forgotten.

Experiments 1 and 2 replicated and extended
evidence of retrieval-induced forgetting in episo-
dic memory (Anderson et al., 1994). Participants
first studied a series of events associated with a
particular context. Then, during what would
normally be referred to as retrieval practice,
participants were asked to retrieve, from their
own autobiographical past, episodic events asso-
ciated with that context. This remembering
caused the forgetting of the studied events.
More specifically, participants became less likely
to remember the studied events than they would
have been had they not been asked to remember
their own autobiographical memories. However,
when participants were asked to imagine novel,
yet plausible, episodic events in the future, that
imagining failed to cause the forgetting of the
studied events. Experiment 3 showed that this
failure had nothing to do with the imagining task
being directed towards the future; imagining
the past also failed to cause forgetting. This
pattern of results is both clear and compelling
whereas remembering experienced autobiogra-
phical events causes forgetting, imagining non-
experienced autobiographical events does not.
This finding provides evidence of a potentially
important difference in the consequences of
remembering and imagining.

Although we failed to find forgetting in the
imagining conditions, it is important to note that

we did observe forgetting in the remembering
conditions. To date only a handful of studies have
examined retrieval-induced forgetting in relation
to the self or autobiographical memory. In one
study, Macrae and Roseveare (2002) had partici-
pants study a list of objects by either imagining
themselves purchasing them as gifts or imagining
others purchasing them as gifts. Whereas gifts

purchased by others suffered retrieval-induced
forgetting, gifts purchased by the participants
did not. Although this finding appears to suggest
that self-relevant information is not susceptible
to retrieval-induced forgetting, later work has
found that autobiographical memories can suffer
retrieval-induced forgetting, especially negative
autobiographical memories (Barnier et al., 2004;
Wessel & Hauer, 2006). The current study extends
this line of work, demonstrating for the first time
that retrieving events from autobiographical
memory can cause the forgetting of related
information about other people. This finding has
potentially important implications for general-
ising evidence of retrieval-induced forgetting to
real-world contexts and for understanding the
competitive dynamics involved in memory for the
self and others (for a discussion see Harris,
Sutton, & Barnier, 2010).

It is somewhat surprising that imagining future
(and past) events failed to cause forgetting in the
same way that remembering the past caused
forgetting. There is substantial evidence that
imagining future events (or imagining plausible
past events) engages the same cognitive and
neural processes that are engaged in remember-
ing real events from the past (Conway, Pleydell-
Pearce, Whitecross, & Sharpe, 2003; Schacter
et al., 2007, 2008). Moreover, it seems plausible
that participants in the current study might have
generated true autobiographical events in the
imagining condition and then altered those events
to conform to the task instructions by changing
some aspect of them or placing them in a future
context. If imagining involves remembering, and
if remembering causes forgetting, then it logically
follows that imagining should cause forgetting.
The fact that forgetting was not observed in the
current experiments suggests that people may not
have used true autobiographical memories to
mediate the construction of their future and past
imaginings.

The failure to observe forgetting in the imagin-
ing conditions is also surprising given evidence
that processes such as semantic generation and
mental imagery can cause forgetting (e.g., Bauml,
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2002; Johnson & Anderson, 2004; Saunders et al.,
2009; Storm et al., 2006). Even if participants
imagined future and past events in a distinctly
different way than they remembered true events
from the past, it seems plausible that the gen-
erative processes involved in such imagining
would have been sufficient to cause forgetting.
One possible explanation is that the way in which
participants imagined events in the current
study failed to elicit the type or amount of
competition necessary for inhibitory-based
retrieval-induced forgetting to occur. There is
evidence that retrieval-induced forgetting is com-
petition-dependent (for a review see Storm,
2011) that only information that interferes or
competes with retrieval needs to be inhibited,
and that it is only such information that suffers
retrieval-induced forgetting. Thus, if participants
failed to experience competition from the studied
events while imagining the future (or past), then
those studied events would not be expected to
be inhibited or forgotten.

So why might imagining a past or future
episodic event fail to elicit competition? One
possible explanation is that the studied events
mediated the constructive process, thereby facil-
itating the generation of imagined past or future
events. Arguing against this explanation, how-
ever, are the results of Experiments 2 and 3.
Participants were explicitly instructed to generate
novel events different from those that they had
studied and, moreover, they were provided addi-
tional cues to ensure that they did so. Self-report
data taken during debriefing also suggested that
these controls were effective, as the vast majority
of participants reported not thinking about the
studied events while imagining events in the past
and future. A more straightforward explanation is
that there is an important difference in the way
people engage in remembering the past and
imagining the future. When attempting to re-
member an actual event from autobiographical
memory, there are constraints that delineate what
is relevant or appropriate and what is not relevant
or appropriate. However, when attempting to
construct a plausible past or future simulation,
there may be fewer constraints on what is relevant
or appropriate, thus reducing the need for control
processes to inhibit the particular information
that is available or that might become activated.
Said differently, because there is not necessarily
a right or wrong way to go about constructing
a novel episodic event, there may be less compe-
tition involved in the constructive process and,

as a consequence, less need to recruit the type
of inhibitory processes that underlie retrieval-
induced forgetting.

Regardless of the theoretical explanation, each
of the three experiments reported here provides
clear evidence that imagining the past or future
does not cause the forgetting of related informa-
tion in memory. This finding suggests that the
memorial consequences of remembering and
imagining are not the same that under condi-
tions in which remembering an experienced
event does cause forgetting, imagining a non-
experienced event does not. Although specula-
tive, one might wonder if this lack of forgetting is
in some way adaptive. Retrieval has been argued
to be a powerful mechanism by which long-term
memory is updated (e.g., R . A. Bjork & Bjork,
1992). Information that is retrieved becomes
more recallable, whereas related information
that is not retrieved becomes less recallable. The
negative consequences of retrieval are adaptive
inasmuch as they facilitate more efficient access
to the information that has been retrieved more
recently and more often as opposed to informa-
tion that has been retrieved less recently and less
often. However, if imagining non-experienced
events also caused forgetting then we might find
ourselves increasingly unable to recall truly ex-
perienced information at the cost of being able to
recall imagined information. Thus it is possible
that episodic simulation provides a means by
which to explore future contingencies without
inadvertently altering access to information and
events that were genuinely experienced.
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