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AGE-RELATED CHANGES IN THE EPISODIC
SIMULATION OF PASTAND FUTURE EVENTS

Daniel 1. Schacter, Brendan Gaesser, and Donna Rose Addis

A great deal of modern memory research is aimed at uncovering the pro-
cesses and mechanisms responsible for the encoding, storage, and retrieval
of various kinds of information. Although this mechanistic orientation
has been-and continues to be-highly productive, one undesirable
consequence is that memory researchers have sometimes underempha-
sized or even ignored questions concerning the adaptive functions that
memory serves. Robert Bjork is notable among contemporary research-
ers for a long-standing emphasis on both the mechanisms and functions
of memory. To take just a couple of notable examples, Bjork's influential
analyses of directed forgetting and retrieval-induced forgetting not only
have helped to clarify the nature of inhibitory processes that are critical to
mechanistic explanations of these phenomena, but have also emphasized
the adaptive functions served by such inhibitory (and related) processes,
functions that are critical for using memory effectively in everyday life
(e.g., Bjork, 1978, 1989;Storm, Bjork, &Bjork, 2008).

In line with the focus on adaptive functions of memory pioneered
by Bjork and colleagues, we have recently begun to examine what we
believe to be a key adaptive feature of memory: its role in allowing us to
imagine and simulate future events. While researchers have tradition-
ally emphasized elucidating memory's role in preserving and recover-
ing past events, a rapidly growing number of recent studies have begun
to examine how memory is used to build simulations of possible future
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events (for reviews, see Buckner & Carroll, 2007; Schacter, Addis, &
Buckner, 2007, 2008; Suddendorf & Corballis, 2007; Szpunar, 2010).
Using past experience to anticipate possible future happenings should
be adaptive, in that it allows individuals to mentally "tryout" alterna-
tive approaches to an upcoming situation without having to expend the
resources necessary to engage in the actual behaviors.

Strikingly, recent research has uncovered a number of commonali-
ties in the processes that support remembering the past and imagining
the future. For example, cognitive studies indicate that manipulat-
ing variables such as valence and temporal distance from the present
(e.g., D'Argembeau & van der Linden, 2004) and contextual vividness
(Szpunar &McDermott, 2008) has a similar effect on the subjective expe-
rience of past and future events, as do individual differences in visual
imagery abilities and emotion regulation strategies (D'Argembeau &van
der Linden, 2006). Neuropsychological evidence reveals that amnesic
patients exhibit deficits in imagining future or novel events (Hassabis,
Kumaran, Vann, &Maguire, 2007b; Klein, Loftus, & Kihlstrom, 2002;
see also, Tulving, 1985), and research with psychopathological popula-
tions, such as depression (e.g.,Williams et aI., 1996) and schizophrenia
(e.g., D'Argembeau, Raffard, & Van der Linden, 2008), reveals similar
impairments when such patients remember the past and imagine the
future. Neuroimaging studies show that many of the brain regions that
are active when remembering the past are similarly active when imag-
ining the future (Addis, Pan, Vu, Laiser, &Schacter, 2009; Addis, Wong,
& Schacter, 2007; Botzung, Dankova, & Manning, 2008; Hassabis,
Kumaran, & Maguire, 2007; Okuda et aI., 2003; Szpunar, Watson, &
McDermott, 2007; for a meta-analysis, see Spreng, Mar, & Kim, 2009).
We and others have argued that these regions-most notably, medial
temporal lobe including parahippocampal cortex and hippocampus,
posterior cingulate/retrosplenial cortex, inferior parietal lobule, as well
as medial prefrontal and lateral temporal cortices-constitute a core
network used in remembering the past, imagining the future, and
related forms of mental simulation (cf., Addis, Pan, et aI., 2009; Addis
et al., 2007; Buckner & Carroll, 2007; Hassabis, Kumaran, &Maguire,
2007; Schacter et aI., 2007, 2008; Spreng et al., 2009).

Based on the above commonalities between remembering the past
and imagining the future, Schacter and Addis (2007a, 2007b, 2009) pro-
posed the constructive episodic simulation hypothesis. This hypothesis
takes an adaptive approach to understanding constructive aspects of
memory-distortions such as source misattribution and false recogni-
tion, where elements of prior experience may be confused (e.g., Schacter,
1999)-by linking them to memory's role in simulating future events.
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The constructive episodic simulation hypothesis holds that past and
future events draw on similar information and rely on similar underly-
ing processes, and that episodic memory contributes to the construction
of future events by extracting and recombining stored information into
a simulation of a novel event. From this perspective, a critical function
of a constructive memory system is to make information available for
simulation of future events. While this adaptive function allows past
information to be used flexibly when simulating alternative future sce-
narios, this very flexibility of memory may also result in vulnerability to
source misattribution, false recognition, and related memory errors.
We have recently begun to apply the constructive episodic simula-'

tion hypothesis to the study of cognitive aging. Though there has been a
great deal of research on various aspects of memory in older adults, the
same cannot be said of research on the simulation of future events. In
fact, when we began our work on constructive episodic simulation, we
were struck by the virtual absence of relevant data concerning future
event simulation in older adults. While there have been numerous
studies on prospective memory in older adults (for recent reviews, see
Einstein &McDaniel, 2005; Kliegel, Jager, & Phillips, 2008), they have
focused on remembering intentions to perform future acts, rather than
on the process of simulating possible future events. Spreng and Levine
(2006) reported a study that touched on an aspect of future event simu-
lation in older adults, demonstrating similarities in the shapes of the
temporal distributions of past and possible future autobiographical
events provided by college students and older adults.
During the past fewyears, we have conducted experiments that exam-

ine directly how aging affects the processes underlying future event sim-
ulation, and compared these effects to age influences on autobiographical
memories. In this chapter, we will review and discuss our studies in light
of the constructive episodic simulation hypothesis. As we will see, our
work reveals robust changes in future event simulation in healthy older
adults, as well as in patients in the early stages of Alzheimer's disease.
These findings support the constructive episodic simulation hypothesis,
but at the same time raise a number of conceptual challenges that we
consider in relation to theoretical accounts of cognitive aging.

AGING AND FUTURE EVENT SIMULATION:
EXPERIMENTAL EVIDENCE

As noted earlier, it is well documented that normal aging is associ-
ated with a decline in various aspects of episodic memory (e.g., Craik
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& Salthouse, 2000). While many of these deficits have been docu-
mented on tests involving word lists and related material, there is
also evidence of age-related declines for autobiographical memories
of everyday experiences: Older adults sometimes exhibit less spe-
cific memories of past experiences than do younger adults. Levine,
Svoboda, Hay, Winocur, and Moscovitch (2002) documented this
point using a procedure they called the autobiographical interview
(AI). During the AI, young adults and older adults were asked to recall
past personal events in response to probes over a period of five min-
utes. Transcriptions were segmented into distinct details that were
classified as either internal (episodic) or external (semantic). Internal
details involve the "episodic core" of the retrieved experience: spe-
cific details concerning who, what, where, and when. External details
involve related facts, elaborations, or references to other events. Levine
and colleagues found that when remembering past experiences dur-
ing the AI, older adults generated fewer internal and more external
details than younger adults.

Because the constructive episodic simulation hypothesis posits a
close relationship between episodic memory and imagining future
events, the procedures and findings of Levine and colleagues provide
a useful basis for initiating studies concerning future event simula-
tion in older adults and testing the constructive episodic simulation
hypothesis. We have completed four studies using the AI to exam-
ine remembering the past and imagining the future in healthy older
adults and Alzheimer's disease (AD) patients, which we now consider
in turn.

HEALTHY AGING AND CONSTRUCTIVE EPISODIC
SIMULATION: INITIAL OBSERVATIONS

We began by asking a simple question: Do the findings of Levine et al.
(2002) showing reduced episodic specificity of autobiographical memo-
ries with age also characterize imagined future events? It is possible
that the pattern observed by Levine and collaborators reflects processes
uniquely associated with memory for actual autobiographical experi-
ences, but based on the constructive episodic simulation hypothesis, we
predicted that age-related changes for remembered past events would
extend to imaginary future events.

To assess this hypothesis, we developed an adapted version of
the AI (Addis, Wong, & Schacter, 2008). Sixteen younger and older
adults (in this experiment and the others from our lab discussed in
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this chapter, the mean age for younger adults was early twenties and
for older adults was early seventies) generated eight events in each of
four conditions (past few weeks, past few years, next few weeks, and
next few years) in response to a cue word. During each trial, partici-
pants were instructed to recall or imagine an event, and to generate
as much detail as possible within three minutes. The event generated
in response to a cue word did not have to strictly involve the named
object, but each event had to be temporally and contextually specific
(i.e., episodic), occurring over minutes or hours but not more than one
day. Future events had to be plausible given the participant's plans,
and novel, that is, not previously experienced by the participant. The
relevant cue word was displayed on a computer screen along with the
task instruction ("recall past event" or "imagine future event") and
time period for the duration of the trial. If needed, general probes
were given to clarify instructions and encourage further description
of details.
Recordings of remembered and imagined events were transcribed,

and four events from each condition were scored by three raters blind to
group membership, using the standardized AI scoring procedure (Levine
et at, 2002) in which details were categorized as internal (episodic infor-
mation relating to the central event) or external (nonepisodic informa-
tion, including semantic details, extended events, and repetitions, as well
as episodic information unrelated to the central event). Interrater reli-
ability was high (Cronbach's alpha: internal, .96; external, .92).
The key results of the experiment are depicted in Figure 25.1.

Replicating the findings first reported by Levine et al., we observed that
older adults produced fewer internal and more external details than
young adults for remembered past events (Figure 25.1a). Critically, we
found the identical pattern for imagined future events. Note that these
age differences in past and future events cannot be explained by group
differences in the temporal distance of events: age groups did not dif-
fer significantly for temporal distance (in weeks) from the present for
either past or future events.
In addition to the similar effects of aging on the memory and imagi-

nation tasks, we observed that past and future scores were highly posi-
tively correlated with each other for both internal and external details
(Figure 25.1b). By contrast, internal and external detail scores were
uncorrelated with one another. Overall, then, these initial results indi-
cate that aging has similar effects on remembering the past and imag-
ining the future, consistent with predictions made by the constructive
episodic simulation hypothesis.
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PATHOLOGICAL AGING: FUTURE EVENT
SIMULATION IN ALZHEIMER'S DISEASE

The results of our initial study revealed tightly correlated age-related
declines in remembering the past and imagining the future. As
noted earlier in the chapter, the core network common to these func-
tions includes medial and lateral temporal, prefrontal, and parietal
regions. Intriguingly, these same regions are ones that exhibit pathol-
ogy early in Alzheimer's disease (Buckner et al., 2005; McKee et al.,
2006),which suggested to us that AD patients should exhibit similar
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deficits in remembering the past and imagining the future. To test this
hypothesis, Addis, Sacchetti, Ally, Budson, and Schacter (2009) used
an adapted version the AI from our initial study of healthy older adults
that maintained the main features of the design described earlier, but
was simplified to make it appropriate for AD patients (e.g., patients and
controls were asked to remember or imagine events from only the last
few months or next few months; five past and five future trials instead
of eight were administered). Scoring of internal and external details for
past and future events followed the same protocol as described earlier.
The study participants included 16patients with a diagnosis of mild AD
and 16 age-matched older controls with no significant history of other
neurological or psychiatric impairment.

Temporal distance of past and future events from the present did
not differ between groups, indicating that any group differences on
the AI cannot be accounted for by differences in temporal distance.
Figure 25.2 displays the main results. Compared with healthy older
adults, AD patients showed a marked decrease in internal details for
both past and future events, and a more modest decrease in external
details for both event types (Figure 25.2a). Given the overall reduc-
tion in detail for the AD patients, it becomes important to determine
whether these differences are attributable to more general problems in
verbal fluency that are often observed in AD patients. Indeed, we found
that our patients were severely impaired on a semantic fluency test that
requires participants to generate members of various categories (ani-
mals, fruits, and vegetables), and were nonsignificantly impaired on a
phonemic fluency task that requires generating words beginning with
F, A, and S. When we controlled for these deficits by including phone-
mic and category fluency as covariates in the analysis of internal and
external details, we found that the group difference in internal details
for past and future events was not affected, whereas the smaller differ-
ence in external details was even further reduced. Furthermore, as in
our previous study, there were positive correlations between the past
and future internal (.60) and external (.64) AI scores (Figure 25.2b), and
these significant correlations were evident even when controlling for
fluency differences and overall cognitive decline in AD patients.

The main message of this study, then, is that mild AD patients exhibit
comparable deficits in generation of episodic details for both past and
future events that cannot be attributed to more general cognitive decline.
These results are generally in line with the constructive episodic simu-
lation hypothesis and are consistent with the findings described earlier
that even mild AD patients show pathology in core network regions
that are implicated in remembering the past and imagining the future.
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Figure 25.2 Results from an experiment showing the mean number of internal and external
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events. (Adapted from Addis, D. R., Sacchetti, D. C., Ally, B. A., Budson, A. E., & Schacter, D. L.,
Nellropsycho/ogia, 41, 2660-2671, 2009b.)

Investigating Age-Related Changes With an
Experimental Recombination Task

While the data from our initial studies support our key hypotheses,
they leave open a number of important issues. We addressed two of
them in a subsequent study of healthy older adults (Addis, Musicaro,
Pan, & Schacter,2010).
First, following from the constructive episodic simulation hypoth-

esis, we have argued that deficits in imagining future events among
healthy older adults and AD patients reflect an impairment in retriev-
ing details from prior episodes and recombining them into a novel
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imaginary scenario. But this is not the only reason why such changes
might occur, or indeed why the past and future tasks were so strongly
correlated. Another possibility is that similarities between remem-
bering the past and imagining the future occur because younger and
older adults "recast" entire memories of past events into the future.
For example, when asked to imagine a future event involving a table, a
participant might remember an incident that occurred within the last
few weeks and then simply imagine the same episode occurring again
within the next few weeks. While we encouraged subjects to gener-
ate novel imaginary events, the adapted AI paradigm used in our ini-
tial study did not allow us to control experimentally whether subjects
recombined or recast past events.
A second issue left open by our early results concerns whether the

deficit documented for imagining future events reflects a more general
deficit in imagining or simulating any detailed episodic event, regard-
less of temporal direction. For example, brain activity or psychological
characteristics attributed to future events could equally well be attrib-
uted to imagined events, irrespective of whether those events refer to
the future, the past, or the present. Remembered events, of course, must
refer to the past, but it is also possible to imagine events that might have
occurred in one's personal past. To address this issue in the context
of aging, it is necessary to compare directly imagining the future and
imagining the past.
We addressed the foregoing issues by adapting an experimental

recombination paradigm that we had first developed for a neuroimag-
ing study of young adults (Addis, Pan, et al., 2009). In this paradigm,
participants first provide a set of autobiographical memories, each
composed of a person, place, and object. They later return for a separate
session in which they are cued to recall some of these episodes in as
much detail as possible. For the imagination trials, details concerning
person, place, and object are experimentally recombined from different
events and participants are asked to imagine an event involving the
recombined person, place, and object. To examine questions concern-
ing temporal direction of simulated events, participants are asked on
some trials to imagine an event that might occur in the future, and on
other trials to imagine an event that might have occurred in the past.
The fMRI data from this experimental recombination procedure study
revealed activation of the same core network of regions documented in
our earlier study of remembering the past and imagining the future;
moreover, the same pattern of increased activity for imagining was evi-
dent for both the imagined future and the imagined past (Addis, Pan,
et al., 2009).
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Applying this approach to aging (Addis et aI., 2010), we predicted
based on the constructive episodic simulation hypothesis that even
under conditions of experimental recombination that do not allow the
recasting of entire remembered events as imagined events, older adults
should still exhibit reduced internal and increased external details
for imagined events that parallel the findings for remembered events.
Further, since the constructive episodic simulation hypothesis holds
that the processes of retrieving and recombining event details thought
to be affected by aging are involved in both imagined future and imag-
ined past events, similar age differences should be observed for imag-
ined future and imagined past events.
In an initial session, young and healthy elderly participants retrieved

memories of 35 events in response to a list of event cues. All events had
to be from the past five years, and specific in time and place (i.e., last-
ing no longer than one day). Participants devised a brief title for each
event and specified three details from each memory: a person (other
than themselves), an object featuring in the memory, and the location
at which the event occurred. These details were used to create events for
the AI trials, conducted one to three weeks after the initial session. The
stimuli for the AI session each contained a person, place, and object
event detail, and the corresponding title of the memory related to each
detail. For the past-recall trials, each stimulus set comprised the per-
son, place, and object from a single event. For past- and future-imagine
trials, stimulus sets comprised person, place, and object details taken
all from the same event, or randomly recombined from either two or
three events. We included this recombination load manipulation to
allow examination of possible effects of the number of memories drawn
upon in a simulation.
For each trial, participants were shown a cueing slide that indicated

the task to be completed and displayed the three key event details. They
were instructed to recall or imagine an event and to generate as much
detail about that event as possible within a three-minute time limit. For
the future- and past-imagine event trials, participants were asked to
imagine a plausible personal experience involving the person, location,
and object specified on the cueing slide, that might occur in the next
five years or might have occurred (but did not actually occur) in the last
fiveyears. Protocols were scored using the AI procedure for segmenting
details into internal (episodic) and external (semantic).
As in our initial study, there were no age differences in temporal dis-

tance of remembered or imagined events. The key results are depicted
in Figure 25.3. First, we observed the same effects of aging on genera-
tion of internal and external details under conditions of experimental



Age-Related Changes in the Episodic Simulation of Past and Future Events. 515

recombination as in our original study: Older adults produced signifi-
cantly fewer internal details and significantly more external details than
did younger adults (Figure 25.3a). Second, this pattern of effects across
age groups was qualitatively similar for imagined future events and
imagined past events (Figure 25.3a). Third, the internal detail scores
were strongly positively correlated across all three event conditions (see
Figure 25.3b), and positive correlation of similar magnitudes was also
seen for external detail scores.

The findings that older adults showed reduced internal and increased
external details under conditions of experimental recombination that
preclude recasting remembered events as imagined events, and that detail
scores across memory and imagination conditions were highly corre-
lated, indicate that our initial observations of age-related reductions in
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internal details during imagined future events, and strong correlations
between remembering and imagining, cannot be attributed to recast-
ing remembered past events as imagined future events. The finding that
aging had similar effects on imagined past and imagined future events
indicates that the age-related reduction in imagined internal details is
not specific to temporal direction, but instead reflects a broader change
in the ability to imagine that might occur in the future and that might
have occurred in the past.

The experiment also yielded a couple of other noteworthy findings.
We found a significant effect of recombination load for both age groups,
which was driven by an increase in the number of details imagined
when the three presented details were drawn from the same event
versus when they were drawn from three different events. Compared
with events simulated under low recombination load, events simulated
under high recombination load were lower in both internal and exter-
nal detaiL Further, the rated similarity of imagined events to previous
experiences declined with higher recombination load, thereby demon-
strating that the recombination manipulation induces people to simu-
late highly novel, imaginary events.

Imagined events were also scored for how cohesively the person,
place, and object details were integrated into one temporally and con-
textually specific event (event integration). Even when all three details
are included in an event that occurs over one day (thus meeting the
criterion of episodic), this criterion can be achieved by describing
multiple mini-events occurring in the same day, but where none of
the details actually coincide in the same temporal or spatial context.
For example, when integrating a Boston friend, a Florida location, and
an umbrella, one could imagine (1) being in Miami, walking in the
rain with an umbrella, and unexpectedly bumping into the Boston
friend, or (2) being in Miami walking in the rain with an umbrella,
then flying back to Boston and dining with the Boston friend. 'Thus,
we scored how many of the details coincided temporally and contex-
tually in a coherent event (coinciding details score; 3 = all three details
coincide, 2 = two details coincide in one mini-event, the other detail
features in a separate mini-event; 1 = no details coincide).

We found that this coinciding details score was significantly lower
in older adults for both imagined past and future events, but the group
difference was significant only when the critical details were drawn
from three past events. These observations indicate that older adults
have problems constructing a unified episode on the basis of recom-
bined event details, especially when all the details are extracted from
different past events.
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AGE-RELATED CHANGES IN REMEMBERING AND
IMAGINING: HOW GENERAL ARE THEY?

All of the foregoing findings from the experimental recombination task
are consistent with predictions made by the constructive episodic sim-
ulation hypothesis. Nonetheless, we noted (Addis et al., 2010) that the
observed age-related deficits could also be attributable to general fac-
tors outside the domain of episodic memory that impact performance
on the AI. Studies from the verbal discourse literature, for instance,
have shown that older adults sometimes generate more bff-topic speech
that is irrelevant to the assigned task than do younger adults (Arbuckle
& Gold, 1993; James, Burke, Austin, & Hulme, 1998; Trunk &Abrams,
2009); there may be some overlap between external details on the AI and
irrelevant or off-topic speech. Production of off-topic speech could result
from age-related deficits in inhibitory control (Zacks & Hasher, 1994)
or differences in narrative style and communicative goals (Coupland
& Coupland, 1995) when describing personal events. Either or both
of these age-related changes could be relevant to our findings on the
AI. For example, older adults might be unable to inhibit off-topic items
that are coded as external details, or might be more focused on convey-
ing the general significance and meaning of experiences than younger
adults (e.g., Coupland & Coupland, 1995; James et al., 1998; Labouvie-
Vief & Blanchard-Fields, 1982), perhaps resulting in more external and
fewer internal details during both memory and imagination.
To begin examining these possibilities, we (Gaesser, Sachetti, Addis,

& Schacter, in press) have recently conducted experiments in which
older and younger adults were instructed to describe a complex picture
of a natural scene in as much detail as possible. 'The same pictures were
used to cue either simulations of imagined events or memories of past
events, and we scored the resulting protocols for internal and external
details using an adapted version of the AI. We reasoned that if previ-
ously documented age-related declines in internal details during mem-
ory and imagination reflect the influence of either inhibitory deficits or
changes in narrative style, then (1) similar patterns should be observed
on the picture description task, and (2) no effects of aging should be
observed in imagination or memory conditions after controlling for
picture description performance. On the other hand, if age differ-
ences in memory and imagination revealed by the AI are explained by
changes in episodic memory, then (1) age differences should be greater
on the imagination and memory tasks than on the picture description
task, and (2) there should be effects of aging in imagination or memory
conditions even after controlling for picture description performance.
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We conducted two experiments to test these ideas, but since the results
were nearly identical, we focus here on Experiment 2 in Gaesser et al. (in
press). In this experiment, 15 young and 15 healthy older adults were
shown colored photographs that depict people engaged in a particular
activity or set of activities, and were instructed either to (1) describe the
different people, objects, and environment in the picture and their rela-
tionship to one another; (2) imagine events that could possibly occur in
the next few years with the picture as the general setting; or (3) remem-
ber a personal experience that occurred in the last few years, using the
picture as a cue to help focus on an event. There were four pictures per
condition, and for each picture, participants were given three minutes to
describe, imagine, or remember. For the picture description task, details
that described the depicted scene were classified as internal; details that
were inferred were classified as external. In contrast, for the imagination
and memory tasks, details that went beyond the picture to an imagined
or remembered experience were considered internal, while details that
simply described the depicted scene were considered external.
The main results, presented in Figure 25.4, are straightforward:

Older adults generated fewer internal and more external details than
younger adults in all three experimental conditions. To explore further
whether there is a contribution of aging to imagination and memory
performance beyond a general ability to describe events tapped by the
picture description task, we conducted a series of hierarchical multiple
regression analyses. There were several key outcomes of these analyses:
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Figure 25.4 Results from an experiment by Gaesser, Sacchetti, Addis, and Schacter (2009, sub-
mitted) depicting the mean number of internal and external details generated by younger and older
adults in the picture description, imagination, and memory conditions. Error bars represent standard
errors of the means. Figure adapted from Gaesser et al., Psychology and Aging, in press.
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(I) The number of internal details on the picture description task was a
significant predictor of the number of internal details on the imagina-
tion and memory tasks; (2) when age was added as a predictor, it signif-
icantly-though modestly-improved the model's ability to account
for variance in memory and imagination performance; and (3) there
was a small age deficit in imagination performance even after control-
ling for picture description and memory performance. Thus, while the
results of this study highlight that nonepisodic factors contribute to
age-related changes in remembering the past and imagining the future,
not all age-related reductions in episodic details during memory and
imagination were accounted for by picture description performance,
in line with the constructive episodic simulation hypothesis.

AGE-RELATED CHANGES IN EPISODIC SIMULATION:
CONCLUSIONS AND IMPLICATIONS

The studies reviewed here consistently show that aging is associated
with parallel changes in remembering actual events that occurred in the
past and simulating imaginary events that might occur in the future (or
might have occurred in the past). Our findings fit well with the recently
emerging literature discussed earlier that has revealed a variety of simi-
larities at both cognitive and neural levels between remembering the
past and imagining the future, and generally support the constructive
episodic simulation hypothesis. We conclude by considering two gen-
eral issues that seem especially worth pursuing.

The first issue emerges from the aforementioned results comparing
performance on the picture description task with memory and imagi-
nation tasks (Gaesser et aI., in press). The fact that older adults showed
largely parallel changes (reduced internal and increased external details)
when describing a perceived scene, and when remembering a past event
or imagining a future event, suggests that processes outside the domain of
episodic memory contribute to age-related differences on the AI. From this
perspective, a key task for future research is to distinguish among and fur-
ther specify the nonepisodic sources of age-related performance changes
during memory and imagination, such as changes in narrative style
associated with age-related changes in communicative goals (Coupland
& Coupland, 1995; James et aI., 1998;Labouvie-Vief & Blanchard-Fields,
1982; Trunk & Abrams, 2009) or inhibitory deficits that result in the pro-
duction of task-irrelevant information (Arbuckle & Gold, 1993;Arbuckle,
Nohara-LeClair, & Pushkar, 2000; Zacks & Hasher, 1994).

Previous studies on narrative communication in older adults have
provided some support for each of these views. On the one hand, James
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et al. (1998) report that older adults generated more off-topic speech
than younger adults when asked to discuss autobiographical topics
(describing their family, educational background, and a memorable
vacation), but did not produce more off-topic speech when describing
pictures for which personal information is not relevant (two unknown
paintings taken from art history books and a simple black-and-white
line drawing used in neuropsychological evaluations). James et al,
argue that such findings provide evidence against an inhibitory deficit
account of off-topic speech, which would predict more off-topic speech
in both autobiographical narratives and picture descriptions. Instead,
James et al. argue that off-topic speech reflects age-related changes in
narrative style, with older adults more focused on communicating on
the broad significance of life experiences rather than providing a con-
cise narrative. Consistent with this view, they note that older adults'
narratives were rated as more interesting and informative than those of
younger adults (see also Trunk & Abrams, 2009). On the other hand,
and consistent with an inhibitory deficit account, several studies have
found age differences in picture description (e.g., Wright, Capilouto,
Wagovich, Cranfill, & Davis, 2005) as well as age-related increases in
off-topic speech for nonpersonal topics (Arbuckle et al., 2000).

According to the logic of James et al. (1998), our finding of age-
related changes on both nonautobiographical (i.e., picture description)
and autobiographical (i.e., memory and imagination) tasks provides
evidence in favor of an inhibitory deficit account. Of course, such logic
presupposes that any age differences in narrative style or communi-
cative goals that might account for our results would be evident on
the memory and imagination tasks but not on the picture description
task, and there is no direct evidence to support such an assumption.
Moreover, it is important to note that the measures used by James et al.
(and by others who have studied narrative discourse and aging) differ
substantially from ours. None of these studies used measures that cor-
respond to internal details in our work with the AI, and perhaps more
important, external details on the AI likely overlap only to some extent
with what has been characterized as off-topic speech in other studies.
It is also worth considering another possible interpretation of the

age differences in picture description that we observed. Although the
picture description task clearly does not require episodic memory, it
may nonetheless recruit some of the same processes involved in con-
structing autobiographical memories and simulating future events,
as subjects attempt to "tell the story" depicted in the picture they are
viewing. While the instructions used in our picture description task
indicated that participants should describe picture contents without
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embellishment, informal examination of protocols produced during
picture description indicates that they have a narrative structure that
resembles protocols from the memory and imagination tasks. To the
extent that subjects approach the task as one requiring a narrative, older
adults may perform differently from younger adults for some of the
same reasons as in the memory and imagination conditions. Similarly,
perceiving and describing a complex scene may require short-term epi-
sodic or working memory to hold and integrate components of the scene
(e.g., Hannula, Tranel, & Cohen, 2006), possibly creating problems for
older adults. Currently available data do not speak to these possibilities,
but future studies that manipulate task demands, scene complexity, or
the narrative coherence of a scene could provide useful insights.
A second issue worth noting is that while our work to date has focused

on the analysis of age-related cognitive changes during remembering and
imagining, it will also be important to initiate investigation of the under-
lying neural correlates of these changes. Many neuroimaging studies of
age-related changes in memory have been reported (for review, see Grady,
2008), but we are not aware of any that have directly compared the neural
correlates of remembered and imagined events in older adults.
One particularly interesting question is whether such studies would

reveal any age-related changes in the hippocampus during experimen-
tal paradigms like those that we have used to document hippocampal
activation during remembering imagining in young adults (for review,
see Schacter & Addis, 2009). Given that our behavioral studies have
revealed reduced internal details during remembering and imagin-
ing in both healthy older adults arid mild AD patients, who typically
exhibit pathology in the hippocampus and related structures (Addis,
Sacchetti, et al., 2009), we might expect to see changes in hippocam-
pal activity during remembering and imagining in healthy elderly.
By contrast, it has been argued that changes in the hippocampus and
other components of the medial temporal lobe are important for AD
but not for healthy aging, where memory-related changes may be more
closely associated with frontal-striatal systems (e.g., Buckner, 2004).
From this perspective, age-related changes in neural activity during
remembering and imagining might be expected to occur primarily
outside the hippocampus, possibly in the frontal-striatal networks
implicated in other age-related changes. Another possibility is that
older adults may engage regions mediating conceptual autobiograph-
ical information, such as anterior lateral temporal cortices (Addis,
McIntosh, Moscovitch, Crawley, & McAndrews, 2004; Graham,
Lee, Brett, & Patterson, 2003), more so than young adults in order
to support the increased generation of external details. Whatever the
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outcome, studies that allow us to link cognitive and neural processes
when older adults remember past events and simulate possible future
events should go a long way toward broadening our understand of the
nature of function of age-related changes in memory.
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