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Research on memory reconsolidation in humans is still in its infancy, in contrast

to the extensive research that has been carried out with animals, reflecting the

fact that reconsolidation is difficult to study in humans. In particular, the

pharmacological agents that have been used to directly interfere with or

block (re)consolidation in animals are generally not safe for human use (e.g.,

protein synthesis inhibitors such as anisomycin). As a consequence, human

reconsolidation has been studied mostly using behavioral interference para-

digms (for exceptions, see the following: Kindt, Soeter, & Vervliet, 2009;

Soeter & Kindt, 2012). Specifically, after reactivating a memory, some new

information is presented that is related to or in some cases conflicts with the

reactivated memory. After a delay, memory for the original information is

tested, and if the new information presented after reactivation modifies the orig-

inal memory (either by impairing or by updating it), a reconsolidation process is

inferred. Importantly, it must also be shown that presentation of the same new

information does not affect memory for the original information if this occurs

without prior reactivation or outside of the reactivation window.

To date, researchers have successfully demonstrated reactivation-dependent

memorymodification in humans in fear conditioning (Kindt et al., 2009; Schiller

et al., 2010) and procedural memory (Walker, Brakefield, Hobson, & Stickgold,

2003). We and others have asked whether reconsolidation also applies to

episodic memories (Forcato, Argibay, Pedreira, & Maldonado, 2009; Forcato,

Rodrı́guez, Pedreira, & Maldonado, 2010; Forcato et al., 2007; Hupbach,

Gomez, Hardt, & Nadel, 2007; Hupbach, Gomez, & Nadel, 2009, 2011;

Hupbach, Hardt, Gomez, & Nadel, 2008). Episodic memory allows people to

re-experience the past by engaging in “mental time travel” (Tulving, 2002).

A defining feature of episodic memories is that they not only capture the core

content of a previous experience but also can be traced back in time (When
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did it happen?) and space (Where did it happen?). It is widely known that

episodic memories are not always accurate (Loftus, 2005). Recently, it has

been suggested that somememory distortions might be the result of reconsolida-

tion processes (Hardt, Einarsson, & Nader, 2010). In order to study whether

episodic memories undergo a reconsolidation process and, if so, which compo-

nents of an episodic memory can be changed, we developed an object-learning

paradigm that allowed us to create a specific time- and space-stamped memory

for a set of objects (Hupbach et al., 2007). In this chapter, we review findings

from this paradigm. Note that during the same time period, Forcato and

colleagues (2007, 2009, 2010) studied memory reconsolidation in a paired asso-

ciate learning paradigm that also taps episodic memory, and they showed that

reactivation that is followed by new learning can impair memory.

11.1 THE PARADIGM AND BASIC BEHAVIORAL
EFFECT

Our object-learning paradigm involves three sessions overalldtwo encoding

sessions and one retrieval session. In Session 1, participants are asked to memo-

rize a set of 20 everyday objects (e.g., a tennis ball, a cup, and a toy car) that are

placed one by one into a distinctive basket. The basket is used to create a unique

setting for the first encoding session that can be distinguished from the setting

involved with the second encoding session, typically administered 24 or 48 hr

later. In Session 2, participants memorize a second set of 20 semantically unre-

lated objects. This time, instead of using a basket, the objects are displayed all at

once on a table. Critically, this second session is conducted either under reminder

or no-reminder conditions. In the reminder condition, participants are asked to

describe in general terms what had happened during the first session (they are

given a reminder question). Moreover, in this reminder condition, Session 2

takes place in the same room as Session 1, and the same experimenter adminis-

ters the procedure. In the no-reminder condition, nothing is mentioned about the

previous learning episode, and Session 2 is carried out in a different room and

administered by a different experimenter. Twenty-four or 48 hr after Session 2,

participants are asked to recall the set of objects they had learned in the first

session. This recall session takes place in the same room in which Set 1 was

encoded and with the experimenter from Session 1. Although the reminder

group and the no-reminder group do not differ in the number of items recalled

from Set 1, reminded participants include a significant number of Set 2 items

in their Set 1 recall; we refer to these incorrectly-recalled items as “intrusions.”

In contrast, very few intrusions are observed in the no-reminder group

(Figure 11.1). We take this result to demonstrate that reactivated memories

become labile and open to the incorporation of new information (Hupbach

et al., 2007). Importantly, this reminder effect takes time to evolve. When

recall of Set 1 is tested immediately after Set 2 encoding, intrusions from Set

2 into Set 1 recall are not observed. This is in line with the expected time depen-

dency of the reconsolidation process (Nader, Schafe, & LeDoux, 2000).
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Critically, the reactivation-dependent intrusions from Set 2 into Set 1 recall

in the delayed test are not the result of general source confusion (e.g., it is not the

case that participants in the reminder group are simply unable to differentiate

which objects were presented in which session): When asked to recall Set 2

instead of Set 1 in Session 3, the reminder and no-reminder groups both show

very low intrusions of Set 1 items into Set 2. In a follow-up study, we subjected

participants to identical learning conditions as described previously, but instead

of having participants freely recall Set 1 objects in Session 3, we asked them to

recognize Set 1 and Set 2 objects among new fillers and to indicate for each

recognized item the session in which they thought it had been presented

(Hupbach et al., 2009). As expected, the no-reminder group made few misattri-

butions in either direction. More important, and similar to what we have found in

the free recall paradigm, participants in the reminder group misattributed

a significant number of Set 2 objects to Session 1 but very few Set 1 objects

to Session 2. Interestingly, when asked how confident they were about each

FIGURE 11.1 (A) Experimental design. Participants memorized a set of objects (Set 1) in
Session 1. Forty-eight hours later, they were either reminded of Session 1 or not, and then
they learned a second set of objects (Set 2). After another 48 hr, recall of Set 1 was
tested. (B) Mean percentage of objects correctly and falsely recalled in the reminder
and the no-reminder groups. The groups did not differ in the number of items recalled
from Set 1, but the reminder group showed significantly more intrusions from Set 2 into
Set 1 than the no-reminder group. In all figures, error bars represent standard errors of
means. Note: Participants were asked to recall objects from Set 1. Objects that were
falsely recalled from Set 2 are labeled as “intrusions.”
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source judgment, participants were highly confident about their Set 2

misattributionsdas confident as they were about correct source attributions

for Set 1 objects. This suggests that the Set 2 items had become integrated

into Set 1 memory in the reminder group. However, they were less confident

about the few Set 1 items that they misattributed to Session 2.

Taken together, these results show that reactivating memory for a learning

episode before presenting new, related information can trigger integration of the

new material into the old memory. A similar effect was shown by Forcato et al.

(2010) in their paired associates learning paradigm. However, in their study,

incorporation of List 2 items into List 1 depended on a verbal reminder.

These findings illustrate the potential function of memory reconsolidation as

a constructive mechanism that allows memories to be updated with new infor-

mation representing the most current state of knowledge. This function is also

explicitly discussed in the animal literature (e.g., Lee, 2009), and several studies

have found that reconsolidation only occurs when memory retrieval is coupled

with new memory encodingdthat is, when there is a mismatch between what is

expected based on prior experience and what actually happens in a given situ-

ation (Lee, 2010; Morris et al., 2006).

11.2 THE SPECIAL ROLE OF SPATIAL CONTEXT IN
REACTIVATING AND UPDATING MEMORIES

In the studies described previously, we reminded participants of the first

learning episode by (1) asking them to describe the general procedure of

Set 1 learning, (2) using the same room for Set 2 learning, and (3) having the

same experimenter administer Session 2. We wondered whether all of these

components were necessary to trigger reactivation and subsequent memory

updating or if some were more important than others. To address these ques-

tions, we created three new conditions, with only one reminder component in

each (Hupbach et al., 2008). Neither asking about the general procedure

(reminder question) nor encountering the same experimenter during Session

2 caused intrusions from Set 2 into Set 1 in the absence of the other components

from the original study (Figure 11.2A). Updating did occur in the spatial

context condition, even though the other components were absent

(Figure 11.2A). We also wondered whether these various reminders simply

differed in strength and whether combining the reminder question and experi-

menter would induce memory change. To address this, we tested the three

possible two-component combinations (reminder question þ experimenter,

reminder question þ spatial context, and experimenter þ spatial context). We

only observed intrusions in the conditions in which the spatial context was

part of the compound (Figure 11.2B), and interestingly, actually being in the

context seems essential for the updating effect. Imagining in detail the spatial

context in which Set 1 was learned while being in a new context, or briefly

revisiting the old context before learning Set 2 in a new context, did not

result in later intrusions (Hupbach et al., 2008).
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What explains this special role of spatial context for memory updating? One

of the defining features of episodic memories is that they have a spatial signa-

ture, reflecting the fact that it is important for organisms to remember where an

event happened. We have argued that the neural representation of spatial

context provides a scaffold to which the various elements of an experience

can be bound. When an old context is revisited, the relevant scaffold will be

reactivated, and new elements, if there are any, can be incorporated. In contrast,

when a new context is encountered, an entirely new scaffold is created,

reflecting the fact that a new, and distinct, episode is to be remembered.

Support for this notion comes from hippocampal place cell recordings in

animals. As O’Keefe and Dostrovsky (1971) first showed, principal neurons

in the hippocampus of the freely moving rat are activated by the rat occupying

a specific place in space. A collection of such place cells in the hippocampus

forms the core of a neural system creating “cognitive maps” of the environment

(O’Keefe & Nadel, 1978). Place cells retain their specific firing “field” when the

animal is returned to the same environment. When an animal encounters

moderate changes in a previously visited and mapped environment, the place

FIGURE 11.2 Mean percentage of objects correctly and falsely recalled in the
different reminder groups. (A) In each group, only one reminder component was
presentdthat is, the spatial context, the experimenter, or the reminder question. (B) In
each of the three groups, two different reminder components were combined.
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cells adjust their firing rate while retaining their firing field (rate remapping;

Leutgeb et al., 2005). However, when an environment changes more drastically,

complete place cell remapping is observed: Specific cells now code for

new areas of this novel environment, and any relation between place fields

in the original environment is broken in the new environment (Wills,

Lever, Cacucci, Burgess, & O’Keefe, 2005). That is, an entirely new map is

createddone that appears to be orthogonal to the first map. Our reconsolidation

findings resemble these physiological data, leading us to hypothesize that when

in the same context, something like rate remapping occurs such that an existing

FIGURE 11.3 Mean percentage of objects correctly and falsely recalled by 5-year-olds in
the context-reminder and no-reminder groups in an unfamiliar spatial context (A) and in
the context-reminder and the three-component-reminder groups in a familiar spatial
context (B). Spatial context triggered intrusions from Set 2 into Set 1 only in unfamiliar,
but not in familiar, contexts. In familiar contexts, the experimenter and the reminder ques-
tion caused intrusions.
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representation is modified. When in a new spatial context, global remapping

occurs instead, creating a new and unrelated memory representation.

The human reconsolidation studies described so far were carried out in

a rather unfamiliar spatial environment (an unfamiliar lab space in an otherwise

familiar building). We wondered if there might be situations in which spatial

context does not trigger memory updating. We reasoned that highly familiar

contexts might constitute such a boundary condition. Highly familiar environ-

ments (e.g., one’s home) are associated with a variety of different episodes

(everyday activities but also more unique events such as a birthday party). In

familiar environments, the diagnostic value of the spatial context for a specific

episode is therefore greatly diminished. Thus, we were interested in whether

spatial context would still trigger updating under these conditions (Hupbach

et al., 2011). We chose to study 5-year-old children because context familiarity

can be easily manipulated in this age group. First, we replicated the adult finding

of context-dependent updating in an unfamiliar environment (using rooms in

a day care center that were not part of the children’s daily routine;

Figure 11.3A). Then, we tested children at their homes. All three sessions

were carried out in the same place in the children’s homes (e.g., the kitchen).

Thus, all children received a context reminder in Session 2. In addition, in one

condition, the same experimenter was present and he or she asked a reminder

question (three-component reminder in Figure 11.3B), whereas in the context-

reminder condition, a different experimenter administered Session 2 without

a reminder question. If spatial context triggers updating even in a familiar

context, we should observe intrusions from Set 2 into Set 1 in both conditions.

However, this is not what we found. Children only showed intrusions when the

same experimenter and the reminder question were part of Session 2

(Figure 11.3B), but not when the spatial context was the only reminder. Thus,

the spatial context appears to be an insufficient reminder in familiar contexts.

11.3 NON-SPATIAL REMINDERS FOR REACTIVATING
MEMORY

The study testing children in a familiar spatial context partly answers the ques-

tion of whether reminders other than the spatial context can also trigger

memory updating: In familiar contexts, the experimenter and reminder question

can play such a role. In an unpublished set of experiments, we explored other

types of reminders and identified the encoding procedure as another way of

initiating updating. Specifically, using the basket encoding procedure in

Session 1 and in Session 2 results in later intrusions from Set 2 into Set 1,

even if the encoding takes place in two different (unfamiliar) locations. At

the same time, the updating effect remains unidirectional in that we do not

see intrusions from Set 1 into Set 2 recall.

In contrast, and somewhat surprising at first, a variety of other conditions do

not seem to trigger updating, although they almost certainly reactivate Set 1

memory prior to Set 2 encoding: (1) explicitly recalling Set 1 once before
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learning Set 2, (2) briefly viewing Set 1 items again, or (3) having Set 1 items

continuously present during Set 2 encoding. Why do these manipulations fail

to cause updating even though they seem to go well beyond the subtle reactiva-

tion used in our previous studies? They share some common features, which

separate them from more subtle reminders in that they might (1) strengthen

the memory for Set 1, (2) increase the relative distinctiveness and cohesiveness

of the individual sets (for effects of distinctiveness on memory, see, Hunt &

Worthen, 2006), and (3) not create a sufficient mismatch between what is

expected andwhat is encountered in the situation (Lee, 2009), thus not triggering

reconsolidation. We are currently exploring these possibilities, and we describe

our studies manipulating memory strength next. We do not yet have consistent

data concerning the distinctiveness and cohesiveness of the object sets.

11.4 MEMORY STRENGTH AND RECONSOLIDATION
How does the strength of a memory affect its potential to be updated or modi-

fied? We know from animal studies that strong fear memories, when reacti-

vated, are initially resistant to the reconsolidation process (Bustos,

Maldonado, & Molina, 2009; Suzuki et al., 2004; Wang, de Oliveira

Alvares, & Nader, 2009). Would we obtain a resistance to updating in our para-

digm if we create strong object memories? Similar to what has been done in

animals to create strong fear memories, we “overtrained” participants on Set

1. In our previous studies (described previously), we had asked participants

to recall the objects after initial encoding. If they recalled fewer than 17

objects, we repeated the encoding procedure. This was continued until partici-

pants could recall at least 17 items or for a maximum of four encoding trials. To

“overtrain” participants on Set 1, we increased the criterion to a perfect recall of

all 20 objects. Moreover, after perfect recall was achieved, we added two addi-

tional encoding trials. Set 2 was encoded 48 hr later using our normal encoding

procedure (criterion: recall at least 17 items or complete a maximum of four

encoding trials). We also manipulated whether participants were reminded of

Session 1 before Set 2 encoding or not, utilizing all three components in the

reminder condition (experimenter, context, and reminder question). In compar-

ison to our original study (Hupbach et al., 2007), and as expected, overtraining

increased recall of Set 1. Most important, overtraining markedly reduced intru-

sions, although it did not eliminate them; we still found a significant difference

in intrusion rates between the overtrained reminder group and the overtrained

no-reminder group (Figure 11.4A). Thus, a stronger object memory is some-

what resistant to change but not completely impermeable. It could be the

case that stronger memories require different types of reminders or longer reac-

tivation periods in order to return them to a labile state (Bustos et al., 2009;

Suzuki et al., 2004).

Some have speculated that the functional role of reconsolidation is to ensure

that memories reflect the most current state of knowledge by updating old with

new information (e.g., Lee 2009), basing this interpretation on the finding that
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updating only occurs in conjunction with the violation of predictions based on

prior experience. For instance, Lee (2010) demonstrated that when animals

received a footshock in a previously visited context, a Zif268 expression-

dependent reconsolidation process was triggered that updated the context

memory by incorporating the footshock (as discussed in Chapter 3). If the

context was simply revisited without the administration of footshocks, a knock-

down of Zif268 did not impact the reconsolidation of the context memory.

Thus, the contextual representation was only updated when the context predic-

tion (neutrality) failed to match what the animal experienced (negative event).

One could speculate that we see diminished intrusions from Set 2 into Set 1 in

our overtraining study because we increased the relevance of Set 1 in relation to

Set 2, and that the new information seems less relevant in comparison. If that is

FIGURE 11.4 Mean percentage of objects correctly and falsely recalled in the reminder
and the no-reminder groups when participants were overtrained on Set 1 (A) and when
participants were overtrained on Set 2 (B). Criterion for overtraining was one perfect
recall trial followed by two additional encoding trials. Overtraining on Set 1 reduced intru-
sions. Overtraining on Set 2 impaired Set 1 recall.
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a valid explanation, then we should be able to reverse the effect and increase

intrusions by overtraining participants on Set 2. However, data from our lab

are not in line with this prediction. When we subjected participants to normal

Set 1 training but overtrained them on Set 2, intrusion levels did not increase

in comparison to those reported by Hupbach et al. (2007). However, we did

find evidence for memory impairment: Recall of Set 1 was diminished in the

reminder group in comparison to the no-reminder group (Figure 11.4B). This

is the first time that we have found significant reactivation-dependent retroac-

tive interference effects (however, for such effects in a different episodic

memory task, see Forcato et al., 2007). Thus, it might be the case that “rele-

vance” is reflected less in intrusion levels than in recall of the original

memory. Furthermore, it can be speculated that List 2 learning in our previous

studies was not strong enough to have caused target memory impairments after

reactivation. Further studies are needed to define the exact circumstances

leading to changes in memory strength versus memory content.

11.5 AGE OF MEMORY AND STABILITY OF THE
UPDATED MEMORY

Related to the previous issue of memory strength is the question of how the age

of a memory affects its susceptibility to change. Critics of the reconsolidation

account have argued that only rather new memories can be modified (because

they are presumably not fully consolidated) but that old and therefore fully

consolidated memories cannot be changed through a reconsolidation process

(Dudai & Eisenberg, 2004; Milekic & Alberin, 2002). It is difficult to define

the exact moment at which a memory can be considered “fully consolidated.”

Furthermore, if one assumes that strength declines over time because of forget-

ting, one might actually expect the opposite patterndthat is, that more recent

memories are less prone to modification than older ones.

In beginning to explore the relation betweenmemory “age” and reconsolida-

tion, we increased the delays between sessions from 48 hr to 1 week. If Session 1

took place on Monday, Session 2 took place on the Monday of the following

week, and final recall (Session 3) was assessed on the Monday 2 weeks after

initial encoding. This manipulation tests not only whether 1-week-old memories

can be updated but alsowhether the updating effect remains stable over a 1-week

period. In this study,we alsomanipulatedwhich reminderwas given in Session 2.

One group received all three components (spatial context, experimenter, and

reminder question), whereas two additional groups received only one reminder

componentdeither the spatial context or the encoding procedure. Inserting

weeklong time delays between Session 1, 2, and 3 did not change the pattern

of the updating effect. Similar to what we have observed with 48-hr delays, we

found significant intrusions from Set 2 into Set 1 in all of the reminder conditions

but not in the no-reminder group (Figure 11.5).

We also tested the stability of the updated memory by further delaying final

recall. Here, Sessions 1 and 2 were scheduled 48 hr apart, but Session 3 was

242 Episodic Memory Reconsolidation



administered 1 or 2 weeks after Session 2. We found a stable updating effect for

both time delays with intrusions from Set 2 into Set 1 but not the other way

around.

To date, we have been unsuccessful in implementing time delays that

exceed 2 weeks. We suspect that this reflects the limit of our object-learning

paradigm rather than a failure to update older memories because recall of

both Set 1 and Set 2 is fairly low after 4-week delays. Thus, with time, both

the content and the spatiotemporal signature of this relatively neutral

memory appear to fade. Creating more memorable episodes might allow us

to study whether more remote memories can be modified by reminder and

post-reminder treatments.

11.6 THEORETICAL EXPLANATIONS OF THE
UPDATING EFFECT

We have interpreted our results of reminder-dependent intrusions from Set 2

into Set 1 within a framework of memory reconsolidation that is largely

based on neurobiological findings in animals. The cognitive processes involved

in human memory updating remain largely unspecified. Sederberg et al. (2011)

developed a mechanistic account of our updating finding within the temporal

context model (TCM) framework. TCM is a computational model of memory

retrieval that can successfully reproduce a variety of episodic retrieval

phenomena, such as recency and contiguity effects (Howard & Kahana,

2002; Sederberg, Howard, & Kahana, 2008). The recency effect refers to the

phenomenon that recall declines with the passage of time or presentation

of additional information. The contiguity effect describes the heightened

FIGURE 11.5 Mean percentage of objects correctly and falsely recalled in various
reminder groups and the no-reminder group when 1-week delays were inserted between
Session 1 and Session 2 and between Session 2 and Session 3. Note: In all other
studies involving adult participants, the delays between sessions were 48 hr.
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probability of recalling an item that had been presented in close temporal prox-

imity to a just recalled item. TCM differentiates between an item layer and

a mental context layer, which are connected through itemecontext association

matrices. Mental context can be conceptualized as a snapshot of the contextual

elements that are present at a given time. As external and internal circumstances

change, mental context is assumed to drift slowly over time. The current context

contains elements of previous contexts in a gradual recency-weighted manner

(more recent contextual elements are represented more strongly). Encoding

binds items to the context layer. Retrieval is guided and dependent on the rein-

statement of contextual states. A reinstated context activates the items associ-

ated with that context, and the items then compete for recall. When an item

is recalled, it in turn updates the context layer with a combination of itself

and its original encoding context. This new context cues the next recall, and

this process continues until the end of the recall period. The recency effect

can be explained when one considers that the temporal context that guides

initial recall overlaps greatly with the most recent encoding context. It can

also be easily understood how this model accounts for the contiguity effect:

Items experienced in temporal proximity share contextual features, and the

recall of one will trigger the recall of the other through contextual

reinstatement.

With regard to our memory-updating effect, Sederberg et al. (2011) assume

that the reminder in Session 2 triggers reinstatement of Set 1 temporal context.

This will cause Set 2 items to be associated with the Set 1 context as well as

with their unique Set 2 context. When participants are asked to recall Set 1,

the Set 1 temporal context will be reinstated, and because this context is asso-

ciated not only with Set 1 but also with Set 2, some Set 2 items will be recalled.

In the no-reminder condition, the Set 1 context is not associated with Set 2

items, and hence Set 2 items do not intrude into Set 1 recall. In addition,

because of the asymmetrical nature of forward cuing in time, the model can

also account for the asymmetry of intrusions (Set 1 recall leads to intrusions

of Set 2 items and not vice versa): Whereas Set 2 items are associated with

a temporal context that contains features of the Set 1 context, the context

layer of Set 1 items does not contain contextual features of Set 2 because

Set 1 was presented before Set 2.

Although TCM is successful in explaining the basic intrusion effect when

spatial context is not a reminder cue, several issues remain unresolved; for

example, TCM as currently configured has no way of accounting for the supe-

rior role of spatial context in triggering updating (Hupbach et al., 2008). In

addition, TCM predicts that during recall in Session 3, Set 1 items should be

recalled earlier in the retrieval process than Set 2 intrusions because the cue

to recall Set 1 should reinstate the Set 1 encoding context, which is more

strongly associated with Set 1 than Set 2 items. We found support for this

prediction only in the study in which we tested children in a familiar context

(Hupbach et al., 2011). In an unfamiliar context, correctly recalled Set 1

items and Set 2 intrusions do not differ in their relative output positions (i.e.,
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Set 1 items are not recalled earlier than Set 2 intrusions). Neither TCM nor we

have ready explanations for the differential effects of context familiarity on

output position. As described in Sederberg et al. (2011), TCM does make

a variety of other interesting behavioral predictions for our object-learning

paradigm, which we are currently testing.

11.7 WHERE DO WE GO FROM HERE?
In this chapter, we have reported the basic updating findings we observe in our

episodic memory reconsolidation paradigm; explored the types of reminders

leading to reactivation and the special role of spatial context; manipulated

memory strength; and investigated updating effects after longer delays, both

between the first two sessions and between updating and final recall. Thus, in

our work to date, we have explored many of the boundary conditions on

episodic memory reconsolidation. Although we have made substantial progress

in the 5 years since our first publication on this topic, a number of questions

remain unanswered. In particular, we have recently turned to the neurophysio-

logical mechanisms involved in memory updating and have begun to explore

the role played by sleep in the initial formation of “updatable” memories and

in subsequent updating. We are also beginning to use imaging techniques to

explore differences in the representations of Set 2 items that are eventually

incorporated into Set 1 memory versus those that are not, as well as the predic-

tions of alternative models such as TCM. The emphasis in the coming years will

be to provide neurophysiological as well as mechanistic accounts of episodic

memory updating that will contribute to our growing understanding of

memory change.

Hardt et al. (2010) expressed the hope that the study of reconsolidation will

dissolve the divide between neurobiological and cognitive accounts of memory

change. We see real progress in this direction. We developed our paradigm with

the goal of replicating animal reconsolidation findings in humans by using

noninvasive procedures akin to those used in retroactive interference studies.

This much has been accomplished, and the paradigm has taught us a few

things about reconsolidation in humans. Building on these behavioral data,

computational models might reveal the specific cognitive mechanisms behind

our updating effect and ultimately link these to the underlying neurobiology

of reconsolidation. A multilevel account of memory reconsolidation would

provide a foundation for understanding a number of related phenomena, all

of which fall under the rubric of memory malleability. Hindsight bias

(Hoffrage, Hertwig, & Gigerenzer, 2000) and the misinformation effect

(Loftus, 2005) are two more examples of phenomena defined by changes in

memory wrought by subsequent experience. The promise of research on

memory reconsolidation is that it addresses the dynamic nature of memory

and in so doing helps shift the field of memory research away from the static

conceptions of memory it has traditionally favored toward dynamic conceptions

of memory that match the way it seems to work in everyday life.
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