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Abstract Finn and Roediger (Psychological Science 22:781–
786, 2011) found that when a negative emotional picture was
presented immediately after a successful retrieval, later test
performance was enhanced as compared to when a neutral
picture or a blank screen had been shown. This finding implicates the period immediately following retrieval as playing an
important role in determining later retention via reconsolidation. In two new experiments, we investigated whether successful retrieval was required to show the enhancing effect of
negative emotion on later recall. In both experiments, the
participants studied Swahili–English vocabulary pairs, took
an intervening cued-recall test, and were given a final cuedrecall test on all items. In Experiment 1, we tested a distinctiveness explanation of the effect. The results showed that
neither presentation of a negative picture just prior to
successful retrieval nor presentation of a positive picture
after successful retrieval produced the enhancing effect
that was seen when negative pictures were presented after
successful retrieval. In Experiment 2, we tested whether
the enhancing effect would occur when a negative picture
followed an unsuccessful retrieval attempt with feedback,
and a larger enhancement effect occurred after errors of
commission than after errors of omission. These results
indicate that effort in retrieving is critical to the enhancing
effect shown with negative pictures; whether the target is
produced by the participant or given by an external source
following a commission error does not matter. We interpret
these results as support for semantic enrichment as a key
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element in producing the enhancing effect of negative
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Understanding the dynamic nature of retrieval is a core issue
for memory research. We focus here on the finding that
retrieval can modify memory and promote long-term learning. Research has shown that retrieval practice has positive
effects on learning that outweigh those gained from a representation of the same material. The fact that testing can
enhance learning has been called the testing effect (e.g.,
Carrier & Pashler, 1992; Roediger & Karpicke, 2006). The
view of tests as memory modifiers (Bjork, 1975) has important implications for education. Rather than being seen
purely as an instrument to assess what a student knows,
tests are being more widely acknowledged as learning
events and touted as effective tools for studying (e.g.,
McDaniel, Roediger, & McDermott, 2007). In the present
experiments, we explored how processing that occurs in the
period immediately after retrieval affects the benefits that
result from testing (Finn & Roediger, 2011).
Several theoretical accounts of testing effects (see
Roediger & Butler, 2011, for a recent review) have identified the processing involved in the retrieval attempt itself as
the source of the enhancement (Bjork, 1975; Jacoby,
Shimizu, Daniels, & Rhodes, 2005; McDaniel & Masson,
1985). Bjork, for example, argued that retrieval, particularly
when it is effortful, involves elaborative, deep processing of
the information, which will thereby enhance later retention
(Craik & Tulving, 1975). A study by Gardiner, Craik, and
Bleasdale (1973) supported this claim. They measured the
time that it took participants to retrieve responses on a free
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recall test and used these latencies as indices of retrieval
effort. Their results showed that items that took longer to
retrieve on a first test were more likely to be recalled on a
follow-up test than were items that were retrieved more
quickly (see also Benjamin, Bjork, & Schwartz, 1998;
Carpenter & DeLosh, 2005; Glover, 1989).

A role for postretrieval processing in the testing effect
Recently, Finn and Roediger (2011) demonstrated that processes during the period immediately subsequent to successful retrieval can also play an important role in later retention.
In their study, participants studied Swahili–English translations (e.g., mashua–boat) and then took a cued-recall test.
Upon the successful retrieval of the English translation
during the test, a blank screen, a neutral picture, or a negatively valenced arousing picture was presented. The results
showed that when a negative picture followed successful
retrieval (either immediately or after a 2-s delay), recall on a
final test was enhanced as compared to when retrieval had
been followed by a blank screen or a neutral picture. Critically, when a negative picture was presented following a
restudy opportunity, the enhancing effect was absent. Thus,
the results implicated the importance of postretrieval processing in augmenting the standard testing effect, because a
manipulation introduced after successful retrieval of a target
amplified the effect.
The Finn and Roediger (2011) findings are broadly consistent with a body of work supporting the concept of
reconsolidation. Reconsolidation refers to the idea that when
information is retrieved from memory, it enters a labile state
rendering it amenable to change (for a review, see, e.g.,
Dudai, 2004). Reconsolidation triggered by reactivation of
a memory is thought to be an important component of longterm memory processing (Dudai, 2006; Lewis, 1979; Nader,
2003; Nader, Schafe, & LeDoux, 2000; Tronson & Taylor,
2007), with its functional role being to strengthen the reactivated trace and/or to update it with new information (see
Sara, 2000a, for a review). While the conceptualization of
reconsolidation is still under debate, most theories agree that
a memory can be modified in the period following its
retrieval (see, e.g., Tronson & Taylor, 2007, for a review).
Of course, a long tradition in experimental psychology has
also shown both negative effects (retroactive interference
and misinformation effects) and positive effects (testing
effects) from the act of retrieval (e.g., Barnes & Underwood,
1959; Carrier & Pashler, 1992; Loftus & Palmer, 1974).
In Finn and Roediger’s (2011) experiments demonstrating the enhancing effect, a negative picture was presented
immediately following retrieval—that is, during the period
of time in which the reconsolidation hypothesis posits that a
memory trace is labile. The negative-picture manipulation
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may have enhanced later retention relative to the neutral and
blank conditions because the pictures aroused negative emotion, and the emotional centers of the brain (primarily the
amygdala) are closely interconnected with the hippocampus,
an area involved in consolidation and reconsolidation (see
Cahill & McGaugh, 1998; Kensinger, 2009). Amygdalamediated effects of negative emotional arousal on memory
are thought to involve the activation of stress hormone
systems that are implicated in memory regulation (McGaugh,
2000; McGaugh & Roozendaal, 2002; Roozendaal,
Barsegyan, & Lee, 2008).
The bulk of the experiments that have targeted the reconsolidation process have used postretrieval treatments in animal models. Most studies have demonstrated impairments
in retention when amnestic agents are administered following retrieval or reactivation of a trace (for a review, see, e.g.,
Dudai, 2006). Several studies have also shown enhancement
when agents such as strychnine or amphetamine are administered after retrieval (Blaiss & Janak, 2006; DeVietti,
Conger, & Kirkpatrick, 1977; Gordon & Spear, 1973; Inda,
Muravieva, & Alberini, 2011; Lee, Milton, & Everitt, 2006;
Rohrbaugh & Riccio, 1970; Shema et al., 2011; Tronson &
Taylor, 2007; and see also Frenkel, Maldonado, & Delorenz,
2005; Frenkel, Suarez, Maldonado, & Delorenzi, 2010;
Rodriguez, Horne, & Padilla, 1999, for more naturalistic
interventions).
Studies targeting retrieval-induced reconsolidation in
humans (e.g., Forcato et al., 2007; Hupbach, Gomez, Hardt,
& Nadel, 2007; Schiller et al., 2010) have generally used
paradigms that involved impairing retention of the original
episode via some experimental manipulation. Finn and
Roediger’s (2011) findings and those from a study by Coccoz,
Maldonado, and Delorenzi (2011) have recently shown that a
manipulation following retrieval can enhance long-term retention of human episodic memory. Coccoz et al. demonstrated
that when participants were exposed to a mildly painful coldwater stressor immediately after reactivation of a memory,
later retention benefited. Exposure to warm water following
reactivation of the trace, as well as exposure to the cold-water
stressor without reactivation, did not produce enhancement.
These findings converge with those of Finn and Roediger and
show that mild stress and/or negative arousal following retrieval can enhance long-term retention.

The present studies
In the Finn and Roediger (2011) experiments, active retrieval seemed necessary to demonstrate the enhancing effect of
negative pictures on later recall, since the manipulation was
effective when it followed successful retrieval but was ineffective when it followed a restudy presentation. The primary
question addressed in the present experiments is whether a
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retrieval attempt must end successfully for the enhancing
effect of negative pictures to emerge. In two experiments,
we varied when an emotionally valenced picture was presented during the retrieval process to test the hypothesis that
an active and effortful (but not necessarily successful) retrieval attempt must occur for arousal to enhance later recall.
To this end, we compared manipulations of presenting negative pictures, positive pictures, neutral pictures, or blank
slides before successful retrieval, after successful retrieval,
and after an unsuccessful retrieval attempt with feedback. If
positive pictures produce the same effect as negative pictures, we will have shown that negative arousal is not the
only emotional effect producing the enhancing effect. If
negative and positive pictures produce an enhancing effect
when presented before retrieval of the critical target, it
would be possible that the enhancing effect results from
distinctiveness or isolation rather than via emotion-induced
reconsolidation.
In Experiment 1, we compared a preretrieval condition to
two postretrieval conditions in which negatively and positively valenced pictures were presented after retrieval. Of
course, we expected to replicate the enhancing effect of the
negative pictures after successful retrieval on later retention
(as in Finn & Roediger, 2011). We predicted that presenting
negative pictures before successful retrieval would have no
effect, because the memory had not yet been reactivated.
Introduction of the enhancing or disrupting manipulation
immediately after retrieval has been critical to tests of the
reconsolidation hypothesis, which posits that retrieval induces a time-limited period of lability during which memory
modification can occur (e.g., Tronson & Taylor, 2007). In
many of the studies reported in the literature, presentation of
the manipulating event outside of the short period of time
following reactivation has served as the control condition
that demonstrated that a reconsolidation manipulation must
occur soon after the retrieval or reactivation of a trace for
memory modification to occur (e.g., Coccoz et al., 2011;
Nader et al., 2000; Przybyslawski & Sara, 1997).
If a retrieval attempt is critical to show the enhancing
effect of emotion on later recall, an emotional picture presented before retrieval has begun should have no impact on
later retention. Such a finding would provide additional
support that the period following a retrieval attempt (thought
to involve reconsolidation) is the route by which negative
emotion conveys its advantage on later retention. However,
if the negative picture has a positive effect not because of
reconsolidation but because its close temporal relation to the
target event makes that event more distinctive, presenting
the picture before retrieval of the target event should also
boost later retention.
Experiment 1 also included a condition in which positive
pictures were presented after successful retrieval, which (a)
allowed for an examination of whether another distinct
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valence condition would give rise to the enhancing effect
and (b) provided an additional test of the distinctiveness
account. Further evidence against a distinctiveness interpretation would be provided if the enhancing effect did not
occur with positive pictures that were matched to the negative pictures for arousal and presentation frequency. Accordingly, Experiment 1 was designed to test between the
reconsolidation and distinctiveness accounts.
Experiment 2 was aimed at the more interesting case of
the effects of a negative picture following unsuccessful
retrieval of the target, coupled with feedback. Would the
enhancement occur if participants attempted to retrieve targets, failed, and were then given feedback? In addition,
errors may occur in two ways, by commission (giving a
wrong response) or omission (giving no response). The
former presumably permits retrieval effort and semantic
processing, even if it results in the wrong target being
retrieved, and the latter may or may not involve effortful
retrieval (e.g., if the subject fails to even recognize the cue,
no retrieval attempt may be made). If retrieval effort is partly
responsible for the effect, we might expect a greater effect in
cases of errors of commission relative to errors of omission.
On the other hand, the very production of an error may
create an associative bond to the cue and lead to interference
rather than enhancement.

Experiment 1
To test the reconsolidation hypothesis against a distinctiveness account, we contrasted three conditions in Experiment
1: We presented a negative picture prior to a successful
retrieval or after successful retrieval, and the third condition
involved presenting a positive picture after successful retrieval. We refer to the condition in which the negative
picture occurred before successful retrieval as the preretrieval condition and the conditions in which negative and
positive pictures occurred after a successful retrieval as the
negative postretrieval and positive postretrieval conditions,
respectively.
Experiment 1 allowed for two opportunities of testing a
distinctiveness-based explanation of the effect (see Finn &
Roediger, 2011, for a discussion). According to this hypothesis, because it is presented only once in the list, the emotional picture may serve to isolate the critical pair presented
before the picture occurs. Such effects often occur in listlearning experiments (Hunt, 2006; Schmidt, 1991, 2002), so
ruling out this interpretation is critical to understanding the
effect. Finn and Roediger (2011) argued that the effects that
they observed did not arise because of the distinctiveness of
the negative pictures, because when the negative picture was
presented after a pair was restudied (rather than retrieved),
no facilitation occurred. Nonetheless, because the issue is so
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important, we provided two further tests of the isolation
hypothesis in this experiment.
The preretrieval condition used in Experiment 1 provided
one test of a distinctiveness-based explanation. If the negative picture simply serves to make a pair more distinctive, it
should produce the effect when it is presented just before the
pair is tested, as well as when it is presented just afterward.
On the other hand, if the negative picture only produces a
positive effect when it occurs after retrieval, in line with the
reconsolidation account, reconsolidation rather than distinctiveness would be implicated as the mechanism involved.
The postretrieval presentation of positive pictures provided a second test of the distinctiveness explanation. If positive pictures, which were matched to the negative pictures
for arousal ratings and presentation frequency, did not give
rise to the enhancing effect, this outcome would provide
further evidence that distinctiveness is not a satisfactory
explanation for our findings. Of course, it might turn out
that positive pictures also produce enhancement, as negative
pictures do, in which case the outcome could be due to
either reconsolidation or distinctiveness.

Method
Participants A group of 180 Washington University undergraduate students participated in Experiment 1 for course
credit or payment. Nine of the participants were excluded
from all of the analyses that follow for failing to answer any
items correctly on either the initial or the final test, and one
participant was excluded for texting throughout the experiment, leaving the data for 170 participants. In this experiment and the one that follows, all participants were treated
according to the ethical guidelines of the American Psychological Association.
Design For this experiment we used a 3 (retrieval condition:
preretrieval, negative postretrieval, or positive postretrieval)×3 (picture event type: blank screen, neutral picture,
or negative picture) mixed-measures design. The first variable was manipulated between subjects (with 57 participants
in the preretrieval condition, 53 in the negative postretrieval
condition, and 60 in the positive postretrieval condition),
and the second variable was manipulated within subjects. In
the preretrieval condition, the picture manipulation occurred
before presentation of the cue for retrieval, and in the postretrieval conditions, the picture manipulation occurred after
a retrieval attempt had been made. The primary dependent
variable of interest was recall on a final cued-recall test
following these three manipulations.
Materials The study materials were composed of 100 pairs
of Swahili–English vocabulary words that ranged from
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difficult (ubini–forgery) to easy (lulu–pearl), as established
by the norms of Nelson and Dunlosky (1994). The pairs
were randomly assigned to one of ten study lists. The picture
stimuli that were presented before and after the retrieval
attempt were taken from the International Affective Picture
System (IAPS; Lang, Bradley, & Cuthbert, 2008); this system uses a 9-point rating scale in which higher values
indicate more positive values when the pictures are rated
on valence or arousal. The negatively valenced pictures that
we used (e.g., dead cat or pointed gun) had a mean valence
of 2.70 (range: 4.18–1.79) and a mean arousal rating of 5.98
(range: 6.90–5.00). The positively valenced pictures (e.g.,
sky diving or water skiing) had a higher mean valence, of
7.53 (range: 8.10–7.09), and a mean arousal rating of 6.64
(range: 7.35–6.00). The maximum range for arousal ratings
for the negative pictures reflected the constraints of our
institutional review board, which required us to eliminate
some of the most disturbing images (e.g., mutilated corpses). The neutral pictures (e.g., shoelaces or a fork) included
items from the IAPS system as well as items from a set that
had been developed for use in other studies and normed
using the Lang et al. procedure; their corresponding arousal
and valence ratings were 3.53 and 5.74 (with both ratings
ranging from 1.00 to 9.00)
Procedure The participants were told at the start of the
experiment that they would study 10 lists of 10 pairs of
Swahili–English vocabulary pairs and, after each list, take a
test on all 10, with the left-hand member of the pair presented as a cue for recall of the right-hand member. Furthermore, they were told that all 100 pairs would be tested again
at the end of the experiment. Participants were also told that
as they took the initial test on the 10-item list, they would be
presented with a list of pictures that they should also study
for a later test (they were not ever tested on the pictures).
They were told that some of the pictures might be emotionally salient, and that if they were feeling uncomfortable they
were free to leave at any time. The words pairs were randomly assigned to one of the 10 lists, and each pair was
presented for 2 s. After studying the 10 pairs, participants
solved multiplication problems for 1 min to remove any
effects of short-term memory (Glanzer & Cunitz, 1966).
They then took an intervening cued-recall test on the 10
studied pairs in random order; for each item the Swahili
term was presented, and their task was to type in the English
translation. The participants typed in their responses and hit
Enter when they were done. They were not forced to supply
an answer (i.e., they could leave the response field blank),
and they had as much time as they wanted to enter their
response.
For participants in in the preretrieval condition, a blank
screen, a neutral picture, or a negative emotional picture was
presented immediately prior to presentation of the cue that
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Results
Initial test performance There was no difference between
any of the conditions on the initial test, F(2,167) 0 1.27,
p > .05. Performance for the preretrieval condition was
M 0 .35, SE 0 .02; positive postretrieval performance was
M 0 .39, SE 0 .02; and negative postretrieval performance
was M 0 .37, SE 0 .02.

Final test performance The final test performance was analyzed using only the items that had been correctly retrieved
on the initial test, which limited the data to approximately
37% of the items on the final test. A preliminary analysis
found no interactions with normative item difficulty, and
thus the following analyses were collapsed over this variable. Recall on the final test for items successfully retrieved
on the initial test is shown in Fig. 1. Relative to the blank
and neutral-picture control conditions, only one of the three
experimental conditions introduced in the initial test produced a positive effect on the final test: the case in which
negative pictures had been presented after successful retrieval. Neither the preretrieval condition nor the positive
postretrieval condition showed the enhancement that occurred with the negative postretrieval manipulation. This
outcome was confirmed by a significant interaction between
retrieval condition and picture event type, F(4,316) 0 2.58,
MSE 0 .04, p < .05, ηp2 0 .03. (If participants did not have a
value in one or more of the within-participant conditions,
they were excluded from the analyses. Thus, the degrees of
freedom might differ from the total number of participants in
this experiment and in the one that follows.) Separate
univariate analyses conducted for each retrieval condition
confirmed that neither the preretrieval (F < 1) nor the
positive postretrieval (F < 1) condition showed a
significant effect of picture event type. As expected, the
negative postretrieval condition did show the standard
enhancing effect, F(2,102) 0 6.44, MSE 0 .03, p < .01, ηp2
0 .11.

0.8
0.7

BLANK
NEUTRAL
EMOTIONAL

Mean Final Recall Performance

prompted target recall for a randomly selected pair in each
of the 10 lists. The assignment of conditions to item pairs
was random. Because the picture manipulation occurred
immediately before an item was tested, we could not guarantee that a negative emotional picture would only be presented prior to successful test trials. Thus, on some of the
intervening test trials, a negative picture preceded an unsuccessful retrieval attempt. However, final test performance
was only evaluated using items that had been successfully
retrieved on the intervening test. For the two groups of
subjects in the postretrieval conditions, the picture manipulation occurred immediately after a retrieval had been
attempted, and the participant hit the Enter button. After a
successful retrieval, a blank screen, a neutral picture, or an
emotional picture (negatively or positively valenced,
according to condition) was presented. Incorrect items were
followed by either a blank screen or a neutral picture. The
assignment of conditions to item pairs was random, with the
proviso that a negative or positive picture occurred after one
of the successful retrieval attempts in their respective conditions. In the analysis of final test performance, we considered only items that were answered correctly during this
initial test.
The blank screen, the neutral picture, or the emotional
picture (e.g., a gun pointing at the participant or a highspeed ski jump) was presented for 500 ms. The presentation order of the pictures was randomized over the 10
lists. An emotional picture was presented at most once
per 10-item list, following the oddball paradigm (see
Strange, Hurlemann, & Dolan, 2003; Tulving, 1969). If
the participant did not answer any items correctly during
the intervening test of the 10-item list, no emotional
picture was shown. After the initial test phase, participants completed another minute of math before the next
set of 10 pairs was presented for study. After all 10 lists
had been studied and tested, all 100 items were randomized and presented for a final cued-recall test. The lag to
test between an item’s presentation in the initial study–
test phase and the final test phase was approximately
30 min. No distractor task intervened between the initial
study–test phase and the final test phase. The final test
began immediately after the last 10-item list had been
studied and tested.
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Fig. 1 Mean proportions correct on the final recall test for items
answered correctly on the initial test, for each experimental group in
Experiment 1. Error bars depict the standard errors of the means
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Discussion
The data of Experiment 1 provided support for the hypothesis that a retrieval attempt is critical to show the enhancing
effect of a negative picture on later recall. Retention was not
enhanced when a negative picture was presented just prior
to a successful retrieval, but it was enhanced when a negative picture was presented just after a retrieval attempt. This
finding is in line with the reconsolidation hypothesis, which
posits that memory can be modified during a short period
following retrieval.
In addition, the presentation of positively valenced pictures after successful retrieval did not give rise to the effect.
In fact, the difference between the positive and blank conditions was in the opposite direction from the one expected,
albeit not significantly so. This outcome provides further
evidence against distinctiveness underlying the effect, but it
leads to a new question: Why did positive pictures fail to
produce the same enhancement to later retention as the
negative pictures did? While an exhaustive answer to this
question is outside the scope of the present article, it is the
central topic of a set of studies that are currently in preparation (Finn, Rosenzweig, & Roediger, 2012). Here, we
will speculate only briefly. Even when they are matched
for arousal, positive and negative stimuli have been
shown to elicit different patterns of behavioral, physiological, and neural responses (Cacioppo & Gardner,
1999; Carretié, Mercado, Tapia, & Hinojosa, 2001;
Delplanque, Lavoie, Hot, Silvert, & Sequeira, 2004;
Ito, Larsen, Smith, & Cacioppo, 1998; Kensinger,
2007). For example, the negativity bias refers to the
tendency for negative stimuli to elicit more prominent
and rapid behavioral responses, which may reflect
privileged access to attentional resources (see, e.g.,
Carretié et al., 2001) or may signal event significance, both
of which could have important consequences for the effect we
obtained. When retrieval is immediately followed by a significant negative event (i.e., an arousing picture of a gun being
pointed at you), enhancing or updating the recently retrieved
memory with details from the current retrieval context might
be particularly adaptive. However, we hasten to note that
neither behavioral nor physiological measures of participant
arousal were taken in our study. Thus, we cannot say with
confidence that the differences we observed between
positive and negative stimuli on our delayed test were
due to valence alone, rather than to some other feature.
To address this issue, future studies should obtain behavioral and physiological measures of arousal when participants encounter the emotional pictures. The pattern
shown with positive pictures does, however, have important implications for the objectives of the present study.
The lack of a difference among conditions in the positive
condition provides another failure of a distinctiveness
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account of our findings: A distinct positive picture presented after retrieval did not aid long-term retention.
In sum, the results support the reconsolidation account
provided by Finn and Roediger (2011). If the emotional
picture serves to isolate certain target pairs and make them
memorable because of distinctive processing, providing a
negative picture before a pair is successfully retrieved would
presumably enhance recall of the pair as well as does providing the picture after retrieval. Likewise, the positive
pictures presented after retrieval should have also enhanced
later recall. Neither outcome occurred, casting further doubt
on a distinctiveness explanation of the findings of enhancement here and in Finn and Roediger’s results.

Experiment 2
Experiment 2 was designed to study whether enhancement
from negative pictures would occur in the case of unsuccessful retrieval of a pair when feedback was provided. In
the Finn and Roediger (2011) experiments, a blank screen, a
negative picture, or a neutral picture was always presented
after successful retrieval. Before describing Experiment 2,
we will review evidence about the effects of unsuccessful
retrieval on performance on later tests.
Disagreement exists regarding the consequences of unsuccessful retrieval attempts on learning—in particular, if
commission errors are made. Proponents of errorless learning, Skinner (e.g., 1961) figuring prominently among them,
emphasized that learners should avoid guessing because if
errors are allowed, the errors will be learned (see Clare &
Jones, 2008, for a review). A related concern is that unsuccessful tests could hamper learning by strengthening incorrect retrieval routes, especially if the participants make
errors (e.g., Bjork, 1975; Kornell, Hays, & Bjork, 2009;
McDaniel & Masson, 1985; but see Carrier & Pashler,
1992). Studies with patient populations have shown that
making errors during learning can have detrimental effects,
and errorless learning techniques are effective in promoting
memory rehabilitation in individuals with memory impairments (e.g., Baddeley & Wilson, 1994; Glisky, Schacter, &
Tulving, 1986; see Clare & Jones, 2008, and Kessels & de
Haan, 2003, for reviews). There is also evidence that making errors can hinder test performance in nonimpaired populations. For example, Hastie, Landsman, and Loftus (1978)
showed that when participants were encouraged to guess on
a first test, their incorrect answers often appeared on a
follow-up test. Similarly, when people make errors during
a multiple-choice test, those errors can persist on later cuedrecall tests (Marsh, Roediger, Bjork, & Bjork, 2007;
Roediger & Marsh, 2005). Using paired-associate learning
of digit–CVC pairs (e.g., 5–ZAB), Cunningham and
Anderson (1968) showed that when people try, unsuccessfully,
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to retrieve a target (i.e., guess) just prior to the first presentation
of that target, learning of the target is diminished relative to
when the target is simply presented without a preceding test.
Loftus (1996) has written that “guessing can be dangerous”
(p. 82) and argued that when people guess, they may later
recall their guesses as having been actual events. Indeed,
Roediger, Wheeler, and Rajaram (1993) found that when people were forced to guess the answer on a test, they often later
remembered their guesses as having been part of the original
study list (see also Ackil & Zaragoza, 1998).
On the other hand, different studies have shown that
unsuccessful retrieval can be beneficial to learning, at least
as long as the correct answer is ultimately generated by the
participant or provided by the experimenter (Begg & Snider,
1987; Butler, Karpicke, & Roediger, 2007; Butler & Roediger,
2007; Carrier & Pashler, 1992; Finn & Metcalfe, 2010;
Huesler & Metcalfe, 2010; Izawa, 1971; Kane & Anderson,
1978; Kornell et al., 2009; Richland, Kornell, & Kao, 2009;
Slamecka & Fevreiski, 1983). For example, Finn and
Metcalfe showed that when unsuccessful retrieval attempts
were followed by feedback, long-term retention was better
than when the correct answer was simply presented. That is,
unsuccessful retrieval attempts that are followed by feedback
show a testing effect.
To explain how unsuccessful retrieval attempts could
benefit learning, Kornell et al. (2009) proposed that during
an unsuccessful attempt, semantically similar concepts are
activated, which facilitates subsequent learning of the target
item. Supporting this hypothesis, several studies have
shown that unsuccessful attempts to retrieve a target facilitate its subsequent learning when the errors are semantically
related to the target; however, no such benefit occurs when
the errors and the target are unrelated (Begg & Snider, 1987;
Slamecka & Fevreiski, 1983; see also Grimaldi & Karpicke,
2010; Heusler & Metcalfe, 2010).1 Activation of related
concepts, at least in these paradigms, appears to be a key
determinant of whether an unsuccessful retrieval attempt
will bolster subsequent learning of the target. Together,
these findings suggest that a retrieval attempt, even if unsuccessful, can engage the elaborative processing thought to
benefit long-term retention.
Experiment 2 tested the hypothesis that a negative picture
presented in the interval following a retrieval attempt will
enhance later recall, even when the attempt is unsuccessful.
In prior research, the intensity of the reactivation—as
measured by the duration of the reactivation session,
for example—has been shown to determine whether
1
These studies also help to resolve the apparent conflict between the
studies showing benefits from an unsuccessful retrieval and those of
Cunningham and Anderson (1968), who used unrelated digit–CVC
trigram pairings and did not find that an unsuccessful test benefited
learning. The type of materials used probably prevented semantic
activation.

1037

the reconsolidation process will be initiated (Bustos,
Maldonado, & Molina, 2009; Lee et al., 2006; Suzuki et
al., 2004). Accordingly, the amount of effort involved in the
retrieval attempt (or the amount of time spent engaging in
effortful retrieval) may govern whether enhancement
occurs. If a retrieval attempt is effortful enough to trigger
reconsolidation, presentation of the negative picture following feedback should give rise to the picture’s enhancing effect on later recall. If retrieval is not attempted
(i.e., the cue is not recognized and no attempt to retrieve
is made), the feedback presentation that follows may
function like a restudy opportunity. A large body of
research has shown that a restudy presentation does not
engage the same elaborative processing as occurs in
testing (e.g., Roediger & Karpicke, 2006). In addition,
Finn and Roediger (2011, Exp. 3) previously established
that a negative picture does not enhance later recall when
it follows a restudy presentation (relative to neutral pictures or blank screens following restudy). Thus, negative
emotional pictures may not enhance later recall under all
instances of unsuccessful retrieval, such as when the cue
is not recognized and/or no serious retrieval attempt
occurs.
Experiment 2 investigated whether negative pictures
would enhance later recall when they were presented following an unsuccessful retrieval attempt with feedback in
the form of the correct answer. After presentation of the
feedback, the picture manipulation occurred (depicting a
negative emotional picture, a neutral picture, or a blank
screen). Final test performance at the end of the session
was examined to determine whether negative emotional
arousal facilitated later retention, as compared to a neutral
picture or a blank screen. Final test performance in the
unsuccessful retrieval condition was also compared to
performance in a successful retrieval condition, as in
Experiment 1. In Experiment 2, for half of the participants,
the negative picture, neutral picture, or blank slide occurred
after successful retrieval of the target; for the other half of
the participants, the negative picture, neutral picture, or
blank slide occurred after unsuccessful retrieval followed
by feedback. Comparisons between the retrieval conditions
permitted assessment of whether attempting retrieval (and
receiving feedback) can give rise to the enhancement produced by negative pictures, or whether successful retrieval
is necessary to produce the effect. Of course, the effect
might occur in both cases, but be magnified by successful
retrieval relative to unsuccessful retrieval with feedback.
Furthermore, the effect could occur in response to errors of
commission and not to errors of omission, because the
former case involves elaboration through semantic activation (even if incorrect). Finally, if errors create interference,
as has been suggested by some prior work, then the effect
may occur after errors of omission (with feedback) and be
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blocked after errors of commission (due to interference).
Experiment 2 was aimed at resolving these issues.

Method
Participants, design, and materials A group of 212 Washington University undergraduate students participated for
cash or course credit. One participant who failed to answer
any items correctly on the initial test, two participants who
failed to complete the experiment, and two participants who
were under age 18 were excluded from all analyses, leaving
207 participants with useable data. The experiment involved
a 2 (retrieval condition: unsuccessful retrieval with feedback
or successful retrieval)×3 (picture event type: blank screen,
neutral picture, or negative picture) mixed-measures design.
The first variable was manipulated between subjects (with
104 in the successful retrieval condition and 103 in the
unsuccessful retrieval condition), and the second was manipulated within subjects. The study materials were identical
to those used in Experiment 1. In addition, in the unsuccessful retrieval condition, the manipulation could follow either
a trial with a response omission or a trial with an incorrect
response.
Procedure As in Experiment 1, the participants studied 10
lists of 10 pairs of Swahili–English vocabulary pairs. After
each study list, they took an initial test on all 10 items. In the
unsuccessful-retrieval-with-feedback condition, a final
cued-recall test occurred after every two lists (20 pairs). In
the successful-retrieval condition, the final cued-recall test
occurred after all 10 lists and covered all 100 pairs. (The
reason for this difference in procedure is that pilot testing in
the unsuccessful-retrieval condition showed that performance was at floor levels when participants studied all 10
lists before a final test; hence, we tested them after every
two lists in this condition. This issue is described more fully
below.) The picture manipulation in the initial test occurred
immediately after either a successful retrieval or an unsuccessful retrieval with feedback. During the initial test, participants were not forced to supply an answer (i.e., they
could leave the response field blank), and they had as much
time as they wanted to enter their response.
In the unsuccessful-retrieval-with-feedback condition, all
responses (both correct and incorrect) were immediately
followed by a feedback presentation of the Swahili–English
pair for 3 s. A commission error was logged if the participant typed in an incorrect response, and an omission error
was logged if the participant left the response field blank or
typed in “don’t know.” After the feedback was shown,
participants were presented with one of the three postfeedback picture manipulations. If the retrieval attempt had been
unsuccessful (no response was given or the response was
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incorrect), the feedback was followed by a blank screen, a
neutral picture, or a negatively valenced picture. If the
response was correct, feedback was followed by either a
blank screen or a neutral picture. In the unsuccessful condition, a negative picture never followed a correctly answered
question. In the analysis of final test performance, we considered only items that were not successfully retrieved during this initial test.
In the successful-retrieval condition, feedback was not
presented. As in the postretrieval conditions in Experiment
1, a blank screen, a neutral picture, or a negative picture was
presented immediately after a successful retrieval. Incorrect
items were followed by either a blank screen or a neutral
picture. In the analysis of final test performance, we considered only items that were answered correctly during this
initial test. This procedure was identical to the negativepicture postretrieval condition in Experiment 1 and replicated that used in the Finn and Roediger (2011) experiments.
After the initial test phase, participants completed another
minute of math before the next set of 10 pairs was presented
for study. In the unsuccessful-retrieval-with-feedback condition, the final recall test occurred after every two lists, and
thus on the previous 20 items. This was done to avoid floor
effects. Though the entire pools of pairs studied and tested
were identical for the unsuccessful and successful conditions, items in the unsuccessful-retrieval-with-feedback condition represented a more difficult set than those in the
successful-retrieval condition, as they were, by definition,
those items that could not be retrieved. Pilot work showed
that subjects in the unsuccessful-retrieval-with-feedback
condition were at floor when we presented 100 items before
the final test. In the successful-retrieval condition, after all
10 lists had been studied and tested, all 100 items were
randomized and presented for a final cued-recall test. (Ceiling
effects would have occurred had we tested after every two
lists, as in the unsuccessful-retrieval condition.) The lag to test
between an item’s presentation in the initial study–test phase
and the final test phase was approximately 30 min in the
successful-retrieval condition and approximately 10 min in
the unsuccessful-retrieval-with-feedback condition. No distractor task intervened between the initial study–test phase
and the final test phase.

Results
Initial test performance On average, participants in the successful-retrieval condition correctly recalled .39 (SE = .02)
of the items in the list and those in the unsuccessful-retrievalwith-feedback condition recalled .30 (SE = .01) of the items in
the list. This difference was significant, t(205)03.65, p < .001.
We have no interpretation of this difference, and it does not
cloud interpretation of the results of primary interest, because
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those results are based on conditional recall of one item per list
in which an item was retrieved (in the successful-retrieval
condition) or not retrieved (in the unsuccessful retrieval
condition).
Final test performance As in the postretrieval conditions in
Experiment 1, final test performance for the successfulretrieval group was calculated using items that had been
successfully retrieved on the initial test and were followed
by one of the three within-participant picture manipulation
conditions. Final test performance for the unsuccessfulretrieval-with-feedback group was analyzed using items that
had been answered incorrectly on the initial test and were
followed by one of the three within-participant picture
manipulation conditions. A preliminary analysis found no
interactions with normative item difficulty, and thus the
following analyses were collapsed over this variable.
The final test performance data are depicted in Fig. 2,
which shows that the negative pictures enhanced later recall
(relative to the neutral-picture and blank conditions) after
both successful retrieval attempts and unsuccessful retrieval
attempts with feedback. A 2 (retrieval condition)×3 (picture
event type: blank screen, neutral picture, or emotional picture) mixed-measures ANOVA revealed a main effect of
event type, F(2,404) 0 16.71, MSE 0 .02, p < .001, ηp2 0
.08. The overall performance was better for items that had
been followed by an emotional picture (M 0 .48, SE 0 .01)
than for items that had been followed by either a blank
screen (M 0 .42, SE 0 .01) or neutral picture (M 0 .41,
SE 0 .01). There was also a main effect of experimental
0.7

BLANK

Mean Final Recall Performance

NEUTRAL
0.6

EMOTIONAL

0.5

0.4

0.3

0.2
Unsuccessful plus feedback

Successful

RETREIVAL CONDITION

Fig. 2 Mean proportions correct on the final recall test for items
answered incorrectly and followed by feedback (unsuccessful-retrieval-with-feedback condition) and for items answered correctly on the
initial test (successful condition) in each experimental condition in
Experiment 2. Error bars depict the standard errors of the means

condition, F(1,202) 0 66.25, MSE 0 .08, p < .001, ηp2 0 .25.
Overall, final test performance in the successful condition
(M 0 .53, SE 0 .02) was better than performance in the
unsuccessful-retrieval-with-feedback condition (M 0 .34,
SE0.02). This is not surprising, given that the items in the
successful-retrieval condition had been recalled correctly
during the previous test, while the items analyzed in the
unsuccessful-retrieval-with-feedback condition were, by design, those items that had not been retrieved previously, and
were therefore more difficult items. This outcome occurred
despite the fact that the retention interval was longer for
items that had been successfully retrieved (tested after all 10
lists) than for those with unsuccessful retrieval (tested after
only two lists).
The magnitude of the effect (measured by comparing the
average difference between the negative-picture and blank
and the negative-picture and neutral-picture conditions) was
numerically larger in the successful condition (+.11 vs. +.04
for the unsuccessful-with-feedback and successful groups,
respectively). This difference in effect magnitudes was confirmed by a significant interaction between retrieval condition and picture manipulation, F(2, 404) 0 4.29, MSE 0 .02,
p < .001, ηp2 0 .02. Pairwise comparisons between the
picture conditions for each experimental group found that
in both groups, participants’ final test performance was
significantly better for items followed by a negative picture
than for items followed by either a neutral picture [unsuccessful with feedback, t(102) 0 2.24, p < .05, vs. successful,
t(100) 0 4.07, p < .001] or a blank screen [unsuccessful with
feedback, t(102) 0 2.56, p < .05, vs. successful, t(100) 0
3.70, p < .001]. There was no significant difference in
performance between the blank and neutral conditions in
either the unsuccessful-retrieval-with-feedback (t < 1) or the
successful-retrieval [t(102) 0 1.11, p > .05] group.
Initial test performance in the unsuccessful-retrievalwith-feedback condition, conditionalized by error type
(omission or commission) In the following analyses, we
considered the errors in the unsuccessful-retrieval-withfeedback condition in more detail. If the cue was not recognized or if it brought nothing to mind during the initial test,
the participant might not have attempted retrieval (in the
former case) or might have truncated processing during
retrieval (in the latter case), resulting in omission of a
response. A commission error could result if the cue was
recognized and retrieval was attempted, but the process
ended with generation of an erroneous response. We compared final test performance in the unsuccessful-retrieval
condition, conditionalized by whether the errors made during the initial test had been omission or commission errors.
Despite the fact that all items were given feedback after an
unsuccessful retrieval, final recall performance was better
when a commission error had been generated (M 0 .38, SE 0
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.02) than when an omission error had been made (M 0 .26,
SE 0 .02), t(102) 04.84, p <.001.
An omission error might indicate that subjects did not
engage in active retrieval to the same extent that they did with
commission errors. If so, we would predict that the enhancing
effect of negative pictures would be smaller following an
omission error rather than a commission error. Across all
participants, there was no interaction between error type
(omission vs. commission) and picture event type, F(1,
112) 0 1.82, p > .05. However, participants who did not show
the enhancement would not be expected to show any differential effects in an analysis of the omission and commission
errors; if they did not show the effect, item type could not have
been a factor. Considering only the participants who did show
the overall effect, we investigated further by examining differences in the enhancing effect following omission and commission errors. We selected only those subjects who showed a
positive numerical difference between the negative-picture
condition and both the blank and the neutral-picture conditions; this process reduced the number of subjects included in
the analysis from 104 to 62. As can be seen in Fig. 3, with this
more restrictive analysis, we did find a stronger enhancing
effect in the case of commission errors relative to omission
errors. A 2 (error type: omission or commission)×3 (picture
event type: blank screen, neutral picture, or negative picture)
repeated measures ANOVA revealed that final test performance was better following a commission error (M 0 .42,
SE 0 .04) than following an omission error (M 0 .33, SE 0
.03), F(1,31) 0 8.68, MSE 0 .05, p < .01, ηp2 0 .22. Of course,
performance was better for the items followed by negative
pictures, F(2, 62) 0 15.13, MSE 0 .02, p < .001, ηp2 0 .33.

Mean Final Recall Performance

0.7
0.6

BLANK
NEUTRAL
EMOTIONAL

0.5
0.4
0.3
0.2
0.1
0
Omission

Commission
Error Type

Fig. 3 Mean proportions correct on the final recall test for omission
errors and commission errors for participants who showed an enhancement from negative pictures in the unsuccessful-retrieval-with-feedback condition in Experiment 2. Error bars depict the standard errors of
the means

However, the enhancing effect of negative pictures was
heightened for commission errors, as can be seen in Fig. 3,
and as was indicated by a significant interaction between error
type and picture manipulation, F(2, 62) 0 3.05, MSE 0 .02, p 0
.05, ηp2 0 .09. To assess the locus of the interaction, post
hoc comparisons of the picture manipulation conditions
were computed separately for omission and commission
errors. For commission errors, performance in the
negative-picture condition was significantly better than
performance in either the neutral-picture or the blank condition (smallest t 0 2.98, ps < .01), with no difference
between the latter two conditions, t(31) 0 1.81,
p > .05. With omission errors, however, only the difference
between the negative and neutral pictures was significant,
t(31) 0 3.33, p < .01, with the difference between the
negative picture and a blank screen being not significant,
t(31) 0 1.34, p > .05. There was no difference between the
blank and neutral conditions (t < 1).
Semantic relationship between commission errors and target
response Commission errors corrected by feedback may
have been recalled better on a later test than were omission errors followed by feedback because of a more
robust engagement of retrieval processing and activation
of related semantic content, which in turn may have
facilitated learning of the corrective feedback (see also
Kornell et al., 2009). We assessed final test performance
as a function of the semantic relationship between the
original commission error and the target response, to test
the hypothesis that making a semantically related commission error facilitated learning of feedback, as compared to when the commission error was not semantically
related. Latent semantic analysis (LSA; Landauer &
Dumais, 1997, and see http://cwl-projects.cogsci.rpi.edu/
msr/) was used to determine the association strength
between the error that was generated and the target item
(see also Metcalfe & Finn, 2011). The LSA cosine value
of every commission error and target pair was obtained,
with higher values indicating a closer contextual relationship between the target and the commission error. (If an
error was not a word, or could not be found in the
database, it was eliminated from the analysis.) For each
participant, the median split of LSA error to target values
was calculated, with numbers above the median split
classified as high-LSA items and numbers below the
split classified as low-LSA items. The final test performance for items answered incorrectly on the initial test
was significantly greater for high-LSA-value items, M 0 .43,
SE 0 .03, than for low-LSA-value items, M 0 .35, SE 0 .02,
t(94) 0 3.02, p < .01. This finding indicates that the strength
of the semantic relationship between the commission error
and the target influenced the probability of error correction
following feedback.
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Discussion
Experiment 2 demonstrated that when negative emotional
pictures followed successful retrieval, later recall was enhanced, thus replicating the findings of Finn and Roediger
(2011) and of Experiment 1. More importantly, the results
also showed that retention was enhanced when negative
pictures followed unsuccessful retrieval with feedback, particularly when the participants made commission errors. The
demonstration of a robust enhancing effect with commission
errors suggests that the interval following a commission
error with feedback may involve a period of reconsolidation
that is similar to that following a successful retrieval.

General discussion
Two experiments showed that attempting retrieval and producing an initial answer is critical for the enhancing effect
from negative pictures. We replicated the findings of Finn
and Roediger (2011) in Experiment 1 and Experiment 2 by
showing that when a negative emotional picture is presented
immediately after a successful retrieval, later test performance is enhanced as compared to when a neutral picture
or a blank screen is shown instead. We extended this finding
by showing that successful retrieval is not necessary to show
the enhancing effect of negative arousal from pictures on
later recall, but that attempting retrieval does seem critical
(because of the different effects on commission vs. omission
errors, discussed below).
Experiment 1 provided converging evidence in support
of the hypothesis that active retrieval is required to show the
enhancing effect of negative pictures after retrieval. When
the experimental manipulation was given just prior to successful retrieval—that is, before a retrieval attempt had been
initiated—no positive effect from negative pictures occurred
in later recall. This result also helps to rule out a distinctiveness account of our results. If the distinctiveness of the
emotional pictures were driving the enhancing effect, the
effect should also have emerged when the distinctive negative items were presented just prior to a successful retrieval.
Similarly, the enhancing effect should have emerged in the
positive postretrieval condition. Neither outcome occurred.
In Experiment 2, when an unsuccessful attempt was
followed by corrective feedback (and a negative picture),
enhancement on a later test was observed; however, the
effect was much more pronounced after commission errors
than after omission errors. Several notable differences were
observed between omission and commission errors. First,
overall recall was better on the final test when a commission
error had been made on the initial test, rather than an
omission error. Both groups had received corrective feedback during the intervening test, so that factor was
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nominally held constant. Apparently, when an active retrieval attempt was made that resulted in a commission error, the
subsequent feedback was processed more effectively, resulting in superior performance on the final test (see also Kornell
et al., 2009; Richland et al., 2009; see also McDermott &
Arnold, 2010). We propose that the better recall following
commission errors than following omission errors indicates
the engagement of more robust retrieval processing and the
activation of related semantic content, which in turn facilitated
learning of the corrective feedback. The finding of superior
performance when commission errors were highly related to
the target supports this claim. Of course, at the moment, this
interpretation represents a hypothesis that awaits further testing, but it is consistent with our data.
The superior performance on the final test for items that
resulted in commission errors rather than omission errors
may also be related to the “hypercorrection effect,” which
refers to the finding that high-confidence errors are more
easily corrected than low-confidence errors (see, e.g.,
Butterfield & Metcalfe, 2001, 2006). High-confidence errors
are generally made when the semantic or conceptual domain
of the cue is familiar and/or the target is partially known
(Butterfield & Metcalfe, 2006; Metcalfe & Finn, 2011).
According to one explanation of the hypercorrection effect,
less new learning is needed when the domain is familiar,
which results in hypercorrection of high-confidence errors as
compared to low-confidence errors (Metcalfe & Finn, 2011).
In Experiment 2, a participant’s willingness to generate a
commission error may have signaled familiarity with the cue
or partial semantic access to the target, and potentially signaled a high-confidence error. Indeed, when a commission
error was semantically related to the target, more errors were
corrected on the final test. Finally, Butterfield and Metcalfe
(2006) and Fazio and Marsh (2009) have suggested that highconfidence errors increase attention to feedback. Consistent
with both the retrieval-processing account and the hypercorrection account, such familiarity and increased attention
would promote favorable conditions for error correction when
feedback was provided.
A second noteworthy finding was that the enhancing
effect of presenting negative pictures was much diminished
when an omission error had been made. Performance on the
final test for omission errors did not reliably differ across all
of the conditions. The fact that enhancement occurred chiefly after commission errors agrees well with the finding that
reconsolidation processes are triggered when there is a mismatch between a predicted and an actual event (Lee, 2009;
Nader & Hardt, 2009; Pedreira, Perez-Cuesta, & Maldonado,
2004). In the case of commission errors—which we, and
others, have argued indicate familiarity with the cue—participants may be surprised to find that the feedback does not
match the answer that they had provided (see also Rescorla &
Wagner, 1972). This mismatch between the commission error

1042

and the feedback is probably important for initiating reconsolidation of the correct cue–target association. In addition,
the fact that the positive effect of negative pictures occurs
after commission but not after omission errors provides
additional support for our claim that an active retrieval
attempt benefits long-term retention and that the testing
effect can be increased by manipulations given after retrieval (or after a retrieval attempt involving a commission
error and feedback). Thus, reconsolidation is probably
involved in both these cases.
Why might memories become labile after reactivation
and require a period of reconsolidation? Addressing this
question seems critical if we are to understand the significance of postretrieval processing for learning (as well as for
modification of traumatic and nonadaptive memories). Two
prominent theories have been proposed about the functional
role of reconsolidation (see Alberini, 2011, for a review).
One hypothesis suggests that the function of reconsolidation
is to strengthen and maintain memory traces (e.g., Sara,
2000b), to keep memories in an accessible state (as does
repeated testing). The second idea proposes that reconsolidation allows for updating of an established trace with new
information (e.g., Dudai, 2006; Forcato et al., 2007; Lee,
2009; Lewis, 1979; Nader et al., 2000), which can lead to
negative effects when the new information undermines or
conflicts with the original encoding (Hupbach et al., 2007;
Loftus & Palmer, 1974). These theories are not mutually
exclusive, and decisive evidence showing whether one hypothesis is to be favored over the other is not yet at hand
(Alberini, 2011). The function of retrieval-induced reconsolidation has yet to be determined.
Our results suggest roles for reconsolidation in both
strengthening and updating episodic memory. Our finding
showing enhancement from a negative picture given after
effortful retrieval suggests that episodic retrieval and the attendant postretrieval processes are important for maintaining
access to memories under the right conditions. According to
Lee (2009), updating via reconsolidation maintains the “predictive and adaptive relevance” of memories (p. 413). An
updating function may have particular relevance for the effective correction of errors. Our result showing enhancement
from negative pictures when commission errors were followed by feedback suggests that reconsolidation may also
have an updating function; the period of postretrieval processing fosters error correction via integration of the retrieved cue
with the correct target information.
One potential limitation of the present set of experiments,
as well as of those reported by Finn and Roediger (2011), is
that the designs of the experiments all made use of the
oddball technique, in which an emotional item is presented
at most once per block of 10 neutral pictures or blanks.
Although the original Finn and Roediger findings and those
reported here have allowed us to argue strongly against a
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distinctiveness interpretation of the results, future studies
should be directed at establishing whether the effect is
dependent on the use of the oddball technique or can be
obtained using a more balanced design. One approach might
be to equate the picture event conditions in a block. It is
possible, however, that the basic effect is dependent on
using the oddball paradigm. The occurrence of an emotional
oddball may signal relevance (e.g., Schupp et al., 2000),
which may initiate adaptive modification of the retrieved
information. These possibilities await empirical testing.

Conclusion
According to Tronson and Taylor (2007), “Demonstrating
reconsolidation not only requires evidence of modification
of a previously consolidated memory, but also evidence that,
in the absence of retrieval the memory remains unmodified
by the experimental manipulation” (p. 264). The results of
the present experiments, as well as those of Finn and Roediger
(2011), meet this criterion and demonstrate the behavioral
dynamism and plasticity of retrieved memories. The findings
presented here implicate the period immediately following
retrieval as playing an important role in the later retention of
that information. We propose that the benefits from retrieval
practice can be characterized by the processes involved in
attempting to retrieve (which probably always makes future
retrieval more likely), but also by the processes occurring in
the interval following reactivation of the memory. The latter
processes involve reconsolidation and permit memories to be
updated with new information.
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