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A large body of work has revealed that people remember emotionally arousing information better than
neutral information. However, previous research has revealed contradictory effects of emotional events
on memory for neutral events that precede or follow them: In some studies, emotionally arousing items
have impaired memory for immediately preceding or following items, and in others arousing items
enhanced memory for preceding items. By demonstrating both emotion-induced enhancement and
impairment, Experiments 1 and 2 clarified the conditions under which these effects are likely to occur.
The results suggest that emotion-induced enhancement is most likely to occur for neutral items that (a)
precede (and so are poised to predict the onset of) emotionally arousing items, (b) have high attentional
weights at encoding, and (c) are tested after a delay period of a week rather than within the same
experimental session. In contrast, emotion-induced impairment is most likely to occur for neutral items
near the onset of emotional arousal that are overshadowed by highly activated competing items during
encoding.
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When stimuli evoke emotional arousal, that emotion affects not
only memory for the emotional stimuli but also memory for stimuli
appearing just before or after the emotional item. Indeed, many
studies have revealed impaired memory for stimuli preceding or
following an emotional item in a list of items (Bornstein, Liebel, &
Scarberry, 1998; Detterman & Ellis, 1972; Ellis, Detterman, Runcie, & Craig, 1971; Erdelyi & Blumenthal, 1973; Hadley &
MacKay, 2006; Hurlemann et al., 2005; MacKay et al., 2004; Miu,
Heilman, Opre, & Miclea, 2005; Runcie & O’Bannon, 1977;
Schmidt, 2002; Strange, Hurlemann, & Dolan, 2003). However, a
recent study provided an intriguing puzzle in its apparent contradiction of previous findings. A. Anderson, Wais, and Gabrieli
(2006) found that having a neutral picture appear before an emotionally arousing picture enhanced memory for it a week later,
rather than impairing memory for it, as would be expected given
prior studies. In the experiments reported here, we attempted to
demonstrate both the enhancement and the impairment effects
within the same experimental paradigm, with the hope that by
revealing what leads arousing items to impair memory for nearby
items in one case but enhance memory for nearby items in another
case, we would gain insight into the fundamental mechanisms of
how emotional arousal modulates memory.

Memorial Benefits of Emotional Arousal
A growing body of evidence has supported the notion that
emotional arousal influences memory by altering psychological
and biological processes. For the most part, these processes make
emotionally significant information more memorable than neutral
information (see Dolan, 2002; Hamann, 2001, for reviews). Emotionally provocative events influence early stages of sensory processing and attention, speeding their detection (Adolphs, 2004;
Mather & Knight, 2006; Öhman, Flykt, & Lundqvist, 2000;
Öhman, Lundqvist, & Esteves, 2001; see Dolan, 2002, for a
review). When lists of items are presented in rapid succession for
very short durations (100 –200 ms), emotionally arousing words
are more likely to enter short-term memory, produce stronger
repetition blindness, and are more likely to be recalled than neutral
words (Hadley & MacKay, 2006; Silvert, Naveteur, Honore, Sequeira, & Boucart, 2004). In addition, emotionally arousing words
are less likely than neutral words to be missed by the perceiver
because of the attentional blink period, that is, the temporary
blindness to a second stimulus after a first stimulus has been
registered (A. Anderson, 2005; A. Anderson & Phelps, 2002).
Enhanced perception of and attention to emotional information
is not limited to verbal stimuli. Compared with neutral scenes,
participants’ first eye fixations are more likely to be on emotionally arousing images and, once there, participants look longer
(Isaacowitz, Wadlinger, Goren, & Wilson, 2006; Knight et al.,
2007; Lang, Greenwald, Bradley, & Hamm, 1993; Rosler et al.,
2005). Furthermore, when picture stimuli are paired with either
neutral or aversive noise, attention is oriented preferentially to
pictures that were paired with aversive noise, regardless of whether
the pictures were recognized during acquisition and expression of
the conditioned fear response (Beaver, Mogg, & Bradley, 2005).
Thus, the attention-demanding quality of emotionally arousing
stimuli can be acquired by items that share a close temporal
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relationship with them (cf. Mather & Knight, 2008). The enhanced
perception of and attention to emotionally arousing information
involves early processing stages. However, once emotionally
arousing information is registered, it also has a greater likelihood
of engaging self-initiated processing relative to neutral information. Later stages of cognitive processing such as rumination,
elaborative rehearsal, and selective retrieval also contribute to
emotional memory enhancement (e.g., Guy & Cahill, 1999; Lane,
Mather, Villa, & Morita, 2001; Marsh, 2007; Mather & Knight,
2005).
Although emotional memory enhancement is due, in part, to
basic psychological processes such as attention and rehearsal,
previous work has suggested that emotional memory enhancement
also involves specialized neural mechanisms (Buchanan & Adolphs, 2004; Hamann, 2001; LaBar & Cabeza, 2006; Phelps, 2006).
Enhanced explicit memory for information associated with emotional arousal has been linked to the amygdala (Adolphs, Cahill,
Schul, & Babinsky, 1997; Cahill, Babinsky, Markowitsch, & McGaugh, 1995; Phelps et al., 1998) and activation of a betaadrenergic system that allows for modulation of hippocampal
activity (Strange & Dolan, 2004). Amygdala activation is enhanced both during encoding of emotionally arousing information
(Dolcos, LaBar, & Cabeza, 2004; Hamann, Ely, Grafton, & Kilts,
1999; Mather et al., 2004) and during encoding of neutral information in an emotional context (Erk et al., 2003). In several
neuroimaging studies, amygdala activation during encoding has
been found to correlate with later memory for emotional but not
neutral stimuli (Canli, Zhao, Brewer, Gabrieli, & Cahill, 2000;
Hamann et al., 1999; Kilpatrick & Cahill, 2003; Mackiewicz,
Sarinopoulos, Cleven, & Nitscke, 2006). Furthermore, emotional
memory enhancement is absent in patients who no longer have a
functioning amygdala or who have damage to this structure (Adolphs et al., 1997; Adolphs, Tranel, & Buchanan, 2005), in particular the emotional memory enhancement resulting from arousal
rather than valence (Phelps et al., 1998).
The influence of emotion extends beyond rapid mechanisms that
operate during episodic memory encoding. Even when encodingrelated factors such as attention and rehearsal are equated, emotional stimuli are more likely to be remembered later (Harris &
Pashler, 2005; Kensinger & Corkin, 2004; Sharot & Phelps, 2004).
In a set of experiments by Sharot and Phelps (2004), participants
fixated on a word presented for 250 ms in the center of a computer
screen while neutral and arousing words flashed in the periphery.
The results showed that memory for peripheral emotionally arousing words remained stable or slightly improved over a 24-hr delay,
whereas memory for neutral peripheral items declined. These
results suggest that emotion-induced memory enhancement results,
at least in part, from enhanced consolidation that is independent of
attentional factors at the time of encoding (for a review, see
McGaugh, 2004).

Memorial Costs of Emotional Arousal
for Nearby Information
The selective enhancement of emotional information in both
perception and memory may come at a cost to information that is
spatially or temporally contiguous with the emotion-inducing stimulus (L. Anderson & Shimamura, 2005; Burke, Heuer, & Reisberg,
1992; Christianson, 1984; Christianson & Loftus, 1991; Christian-

son, Loftus, Hoffman, & Loftus, 1991; Hadley & MacKay, 2006;
Hurlemann et al., 2005; Mather, Gorlick, & Nesmith, in press;
Mather et al., 2006; Mitchell, Mather, Johnson, Raye, & Greene,
2006; Strange et al., 2003; Touryan, Marian, & Shimamura, 2007;
see Mather, 2007, for a review). For instance, in mixed-word lists
that included both neutral and taboo words presented in rapid
succession (170 ms per word), immediate recall of taboo words
was enhanced at the expense of preceding and following neutral
words (MacKay et al., 2004). Memory impairments for neutral
stimuli preceding and following emotionally arousing material
also occurred with lists of verbal and visual stimuli at longer
presentation rates, such as every 3–5 s (e.g., Hurlemann et al.,
2005; Strange et al., 2003).
This study follows the general outline of a procedure developed
by Strange et al. (2003), who presented words in blocked lists
consisting of several semantically related control nouns, one emotionally aversive noun (also semantically related to the list words),
and one perceptually distinct semantically related noun (a “neutral
oddball”). Immediately after the presentation of each list, participants were asked to verbally recall the list items. Strange et al.
found that participants recalled more of the emotionally aversive
nouns than the neutral control nouns. In addition, neutral items
shown just before emotionally aversive nouns (hereinafter referred
to as E ⫺ 1 stimuli) were significantly less likely to be recalled
relative to control nouns.
Emotion-induced retrograde (E ⫺ 1) and anterograde (E ⫹ 1)
amnesia were observed in a similar experiment that used lists of
line drawings as control stimuli and substituted emotionally arousing pictures for emotionally aversive nouns (Hurlemann et al.,
2005). In both the Strange et al. (2003) and the Hurlemann et al.
(2005) experiments, beta-adrenergic blockade with propranolol
reversed both the memory enhancement for emotional pictures and
the impairment of E ⫾ 1 stimuli, indicating that beta-adrenergic
activation plays a key role in both the retrograde and the anterograde amnesia effects seen with emotional items (see Hurlemann,
2006, for a review).

The Exception: When Emotionally Arousing Items
Enhance Memory for Associated Information
In contrast to studies revealing memory impairment for neutral
items that are temporally adjacent to emotionally arousing material, A. Anderson et al. (2006) found memory enhancement for
E ⫺ 1 items. Participants were presented with pairs of stimuli
consisting of a neutral item (a face or a house) followed by a scene
that was either emotionally arousing or neutral (see Figure 1). The
interval between the neutral item and the subsequent scene varied
between 4 and 9 s. At the shortest temporal lag (4 s), recognition
accuracy for neutral items preceding emotionally arousing items
was enhanced when recognition memory was tested 1 week later.
No memory enhancement was found for faces or houses presented
before emotionally provocative pictures at the longer stimulus
onset asynchronies. Because the emotion-induced retrograde enhancement was apparent only at the shortest stimulus onset asynchrony, there may be a critical window of time during which
emotional arousal can enhance memory for temporally adjacent
items.
How can the A. Anderson et al. (2006) findings be reconciled
with those of other studies showing memory impairment for neu-
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Figure 1. Examples of the original pictures (not taken from the IAPS for copyright reasons). A: The
experimental timeline used in A. Anderson et al. (2006) for each encoding trial. Modulator items were rated on
arousal during each trial. Retrograde enhancement of memory was observed for faces and houses that preceded
emotionally arousing scenes in a 1-week delayed recognition test. B: The experimental timeline used in
Hurlemann et al. (2005) for each encoding trial (list). Retrograde amnesia was observed for items that preceded
emotionally arousing oddballs in tests of immediate free recall after each trial. Alligator photo courtesy of Steve
Beger of Beger.com Productions, reprinted with permission.

tral items temporally adjacent to emotional material (e.g., Ellis et
al., 1971; Hurlemann et al., 2005; Strange et al., 2003)? On the
basis of methodological differences between the studies, we came
up with a list of hypotheses to test (see Figures 1A and 1B for a
comparison of the experimental designs).
First, A. Anderson et al. (2006) tested participants after a delay
of 1 week, whereas previous studies showing emotion-induced
retrograde impairment tested participants immediately. Consolidation processes may require an extended time course for E ⫺ 1

enhancement to take hold. Therefore, in Experiment 1, we compared memory tested after a week with memory tested during the
same session.
The next main methodological difference was the format of the
retrieval test. Whereas A. Anderson et al. (2006) used a recognition test and found emotion-induced enhancement, most prior
studies showing emotion-induced impairment used recall tests. In
comparison with free recall tests, old–new recognition tests require
less contextual information for successful performance. If emo-
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tional arousal allows for sufficient or enhanced encoding of E ⫾ 1
item information but selectively impairs the ability to contextualize the items, it may be possible to recognize items but difficult to
retrieve them on free recall tests. To further clarify how emotional
arousal influences the information remembered about E ⫾ 1 items,
we assessed recognition memory for both the general theme and
the specific visual details of items appearing in close proximity to
neutral and emotional “oddballs.”
A third methodological factor we thought could be critical is the
nature of the attention given to the neutral items preceding emotional or neutral modulator pictures. In the A. Anderson et al.
(2006) paradigm, participants viewed only one neutral item before
each modulator picture and indicated whether they thought they
would remember it later. This format should have fostered a high
level of attention to each of the neutral items at the time of
encoding. In contrast, studies using the oddball paradigm typically
showed a series of neutral items with the modulator picture (an
emotional or neutral oddball) inserted randomly in one of several
positions near the midpoint of each list. Requiring participants to
hold numerous items simultaneously in working memory in anticipation of a memory test is likely to have spread attentional
resources across multiple items, yielding less attentional weight on
any one item from the list than to the face or house items in the A.
Anderson et al. paradigm.
Mather (2007) has proposed an object-based framework that can
account for both emotion-induced impairments and enhancements
in the memorial binding of emotional stimuli and contiguous
neutral stimuli. Relative to neutral objects, emotionally arousing
objects are more likely to elicit focused attention and receive
enhanced processing at both early stages (perception and encoding) and later stages (consolidation) of episodic memory. According to this framework, the way in which emotional arousal influences episodic memory depends critically on how attention is
directed when the emotional arousal occurs (Mather, 2007). Consistent with this notion that the effects of emotional arousal depend
on how attention is directed at the time the arousal is experienced
comes recent work showing that emotion-related trade-offs in
memory that disadvantage peripheral information can be eliminated when participants adopt encoding strategies that direct attention away from a visually arousing object and toward other
aspects of a complex visual scene (Kensinger, Garoff-Eaton, &
Schacter, 2007).
Previous research has suggested that long-term memory depends, in part, on the nature of attention at the moment an event is
experienced or reactivated later (see Johnson, 1992, and Paller &
Wagner, 2002, for reviews). When considering how arousal–
attention interactions might relate to A. Anderson et al.’s (2006)
finding of memory enhancement for neutral items temporally
contiguous to arousing items, a key point is that the integration of
the neutral item’s features into a coherent memory record may
depend on how attention is allocated to each item during encoding.
Thus, according to the object-based framework, the specific way in
which attention is allocated should play a crucial role in determining whether emotion-induced retrograde enhancement or impairment occurs. Specifically, arousing items may enhance memory
for preceding items if those items currently have high attentional
weights (as was the case in the A. Anderson et al. paradigm) but
not if the attentional weights for those items are weak (as in the
oddball paradigm).

Previous research has suggested that emotional arousal can
enhance memory for the specific visual or contextual details of
emotional items relative to neutral items (see Mather, 2007, for a
review). For example, participants are better able to distinguish
identical items seen at encoding from visually similar items when
the items are emotionally arousing than when they are neutral
(Kensinger et al., 2006, 2007), and participants have better memory for the locations of arousing pictures than the locations of
neutral pictures (Mather et al., 2009; Mather & Nesmith, 2008).
There is also evidence to suggest that in complex scenes, emotional arousal can enhance memory for the general theme, or
“gist,” of an event (Denberg, Buchanan, Tranel, & Adolphs, 2003).
On the basis of these findings, it is possible that emotion-induced
memory enhancement may carry over to the visual details of E ⫾
1 items, the general theme of these items, or both.

The Current Experiments
We designed Experiment 1 following the format of Hurlemann
et al. (2005). Participants were shown short lists of neutral images
of everyday objects (nonoddball stimuli) in a serial presentation
format. In addition to a series of these objects shown on a white
background, we also included one oddball photograph in each list.
The oddball photographs depicted either neutral content or negative, emotionally arousing content, allowing us to examine how
emotional arousal influenced participants’ ability to remember
everyday objects appearing before and after each oddball. As
Hurlemann et al. did, we asked participants to recall the items after
each list presentation. We predicted that emotionally arousing
pictures would impair free recall for items that immediately preceded and followed them, as seen in previous studies (e.g., Hurlemann et al., 2005; Strange et al., 2003).
In addition, in one group of participants we tested recognition
memory immediately after the encoding session, and in another
group we tested recognition memory after a delay of 1 week. We
expected retrograde and anterograde impairment when testing recognition memory immediately after the encoding session, consistent with the impairments in immediate recall. However, the expectation for the delayed recognition test was less obvious. If the
impairments induced by the emotionally arousing item are caused
by a disruption of encoding, retrograde and anterograde impairment should persist on a delayed recognition test. However, if the
amnesia is the result of temporary retrieval blockage or is countered by enhanced memory consolidation for items presented close
to emotionally arousing items, a delayed recognition test should
show a diminishment or reversal of the anterograde and retrograde
amnesia. Thus, we compared recognition memory at the end of the
first session to recognition memory a week later to determine
whether the typical retrograde amnesia effect would diminish over
time or resemble the retrograde enhancement effect seen by A.
Anderson et al. (2006).
Another goal of this study was to clarify how emotional arousal
influences the quality and quantity of information remembered
about E ⫾ 1 items. Therefore, we assessed memory for both the
general theme and the specific visual details of items appearing
before and after emotional and neutral oddballs.
Emotional arousal is most likely to enhance aspects of episodic
memory that are the focus of attention (see Mather, 2007, for a
review). In most studies, the inherently emotionally arousing items
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within a scene are those that attract attention and receive a mnemonic boost. However, we propose that the mnemonic boost
supplied by emotional arousal will occur not only for emotionally
arousing items but also for items having the highest attentional
weights during the time in which emotional arousal is induced. In
Experiment 1, we used whether an item was recalled immediately
after each list presentation as a marker of the item’s attentional
weight at the time emotional arousal was induced. An item’s
attentional weight influences the efficacy of processes that maintain, manipulate, and rehearse information, all of which have been
shown to facilitate the creation and later accessibility of new
memory traces (Blumenfeld & Ranganath, 2006). To compare
memory performance for items with high versus low attentional
weights, we measured participants’ ability to correctly recognize
recalled and nonrecalled items after the end of the initial encoding
session and after a 1-week delay.
Experiment 2 provided a stronger test of the interaction between
an item’s attentional weight at the time of encoding and emotioninduced retrograde and anterograde effects. We directly manipulated the rehearsal of neutral items presented close in time to
emotionally arousing stimuli to observe the relationship between
an item’s attentional weight at the time emotional arousal occurs
and the likelihood of retrieving that item 1 week later.

Experiment 1
Method
Participants
Undergraduate students (N ⫽ 52, Mage ⫽ 19.02, SD ⫽ 0.69, 12
men, 40 women) received course credit for participating. All
participants provided informed consent in writing before the experiment. The experiment involved two separate sessions. Of the
52 participants who were present for the first session, 45 returned
for the second session 1 week later (22 in the immediate recognition test condition, and 23 in the delayed recognition test condition). The participants who did not return were excluded from all
analyses.

Stimuli
Similar to the presentation format used by Hurlemann et al.
(2005), we selected stimuli to fit into one of two categories:
oddball and nonoddball stimuli. Each stimulus was given a corresponding verbal label (semantically identical noun with 4 –10
letters, presented in Times New Roman. Nonoddball items consisted of neutral everyday objects (e.g., a lamp or a salad) selected
from a database consisting of homogeneous computer-generated
images (Tarr, 2005). The computer-generated images were supplemented with a few additional computer-generated images from
other online image databases. Each computer-generated object was
matched with a corresponding real photograph of the object selected from the Internet. Although similar items (e.g., a computergenerated image of a brush and a real photograph of a brush)
shared the same verbal label, they were allowed to differ in terms
of orientation, color, and shape. From this pool of objects, we
constructed 24 lists of seven semantically different stimuli. Each
list contained seven neutral everyday objects (nonoddball stimuli)
from different semantic categories and one oddball picture. Within
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each list, either three or four of the nonoddball items were photographs of real objects (natural stimuli) and the remaining items
were computer-generated images of objects (artificial stimuli).
Across all lists, half of the nonoddball items were real photographs
of objects and the remaining half consisted of computer-generated
images of objects. Each list also included one emotionally arousing
oddball or one neutral oddball inserted into List Position 3, 4, 5, or
6. The serial position of oddballs was balanced to reduce primacy
and recency effects. Neutral oddball items differed from nonoddball items in that they were all photographs depicting scenes in
which one or more people were engaging in a common activity
(e.g., studying, cooking, or cleaning). One third of the nonoddball
items (56 items; eight lists) were withheld as foils for a later
recognition test (which third were withheld was counterbalanced
across participants). There were two versions of each foil (one
computer-generated image and one real photograph). The particular version of an object (natural or artificial) and the type of
oddball it appeared with were counterbalanced across participants.
No participant saw both the natural and the artificial version of an
object. Twenty-four oddball stimuli (12 perceptual and 12 emotional), equated in terms of human presence, were selected from
the International Affective Picture System (Lang, Bradley, &
Cuthbert, 1999) and from the Internet. An independent group of
undergraduate students (N ⫽ 61, Mage ⫽ 19.39, SD ⫽ 1.36, 22
men, 41 women) rated oddball stimuli in terms of valence and
arousal on a 7-point scale ( with 7 being most negative on the
valence scale and most arousing on the arousal scale). The neutral
(M ⫽ 1.35 ⫾ 0.10) and emotional oddballs (M ⫽ 5.88 ⫾ 0.16)
differed significantly in terms of valence, F(1, 60) ⫽ 2,319.49, p ⬍
.0001, 2p ⫽ .98. In addition, neutral oddballs (M ⫽ 1.52 ⫾ 0.11)
were rated as significantly less arousing than emotional oddballs
(M ⫽ 5.65 ⫾ 0.18), F(1, 60) ⫽ 1,617.09, p ⬍ .0001, 2p ⫽ .96.

Procedure
Stimuli were presented sequentially at a rate of one every 3 s
(stimulus duration ⫽ 2 s ⫹ 1-s interstimulus interval) in the center
of a 15-in. (38.1-cm) Macintosh computer screen. During the run,
participants were presented with 24 lists, each signaled with the
words New List. To ensure that participants attended to each item,
they were asked to indicate with a key press whether the nonoddball item presented was “artificial” (a computer-generated image)
or “natural” (a real photograph). Each list was followed immediately by a 25-s distracter task during which participants were
presented with math problems and solutions and had to determine
whether the solutions were correct or incorrect. Episodic memory
was tested immediately after the 25-s math task and was signaled
by the words Please Recall. At this time, participants had 30 s to
write down as many items from the list as they could remember.
The computer displayed the time remaining, and a beep occurred
at the end of the elapsed time to alert the participant that a new list
would appear (see Figure 2A for a schematic of the trial structure).
After the presentation of the 24 lists, half of the participants took
an immediate recognition test for both the oddball and the nonoddball items. The remaining half took the recognition test 1 week
later. The early test group also returned a week later but did an
unrelated study in the second session.
On each trial of the recognition test, participants were presented
with a pair of items that shared the same verbal label (e.g., both
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Figure 2. Examples of the original pictures (not taken from the IAPS for copyright reasons). A: The
experimental timeline used in Experiment 1 for each encoding trial (list) and the format of the recognition
memory test. During the run, participants were presented with 24 lists. Each list was followed immediately by
a 25-s distracter task during which participants were presented with math problems and solutions and had to
determine whether the solutions were correct or incorrect. Episodic memory was tested immediately after the
25-s math task and was signaled by the words Please Recall. At this time, participants had 30 s to write down
as many items from the list as they could remember. The computer displayed the time remaining, and a beep
occurred at the end of the elapsed time to alert the participant that a new list would appear. Following the
presentation of the 24 lists, half of the participants took an immediate recognition test for both the oddball and
nonoddball items. The remaining half took the recognition test 1 week later. On each trial of the recognition test,
participants were presented with a pair of items that shared the same verbal label (e.g., both were apples) but
differed in other visual features (e.g., orientation, color, shape). Participants were instructed to indicate which of
the two items matched the nonoddball item seen previously, or if both of the items were new. B: The
experimental timeline used in Experiment 2 for each encoding trial (list) and the format of the recognition
memory test. Because of the shorter lists than in Experiment 1, the math task was reduced from 25 s to 20 s, and
participants were allotted 25 s (instead of 30 s) to write down as many items from the list as they could
remember. Participants in the no-recall condition started with a new encoding list instead of recalling the list
items after the distraction task. Following the presentation of the 24 input sequences, all participants returned 1
week later to take the recognition tests for oddball and nonoddball stimuli. Alligator photo courtesy of Steve
Beger of Beger.com Productions, reprinted with permission.

ENHANCEMENT AND IMPAIRMENT

were spoons) but differed in other visual features (e.g., orientation,
color, shape). In two thirds of the trials, one of the items in a pair
was identical to a previously studied item. In the remaining one
third of the trials, a new item and a similar partner were shown on
opposite sides of the computer screen. The word old appeared
below each item either in red (item on the left) or in blue (item on
the right). The word new appeared in yellow and was centered
below the two old labels. Participants were instructed to indicate
which of the two items matched the nonoddball item seen previously or whether both of the items were new. To indicate that a
particular item was old, participants pressed a key on the keyboard
that matched the color of the word old (red or blue) and the side of
the screen on which the selected item appeared. To indicate that a
pair of items was new, participants pressed the space bar, which
had been marked with a yellow sticker. Following Kensinger et al.
(2007), “old” responses to the items that were seen at encoding
were used as a measure of memory for the specific details about
the object’s initial presentation and were categorized as “specific
recognition.” “Old” responses to either the identical version of the
item or the similar version of the item were used as a measure of
memory for the general characteristics or gist of an item and were
categorized as “general recognition.” The recognition test for
nonoddball items was followed by a forced-choice recognition test
for the oddball items. Foils were selected to match the oddballs in
terms of human presence and thematic content.

Results
Memory performance (proportion of total items remembered in
that position) was computed for the oddball and the oddball ⫾ 1
positions.
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Immediate Recall
We determined free recall performance for the emotional and
perceptual conditions separately by calculating the proportion of
items recalled for the following three list positions: oddball ⫺ 1,
oddball, and oddball ⫹ 1. We compared items in each of these list
positions in the emotional condition to the items in the corresponding list positions in the perceptual condition.
A repeated measures analysis of variance (ANOVA) with oddball type (emotional or neutral) and list position (oddball ⫺ 1 or
oddball ⫹ 1) as within-subjects factors revealed a significant main
effect of oddball type, F(1, 43) ⫽ 6.62, p ⬍ .05, 2p ⫽ .13. Recall
accuracy (oddball ⫹ 1 and oddball ⫺ 1 items collapsed) was lower
for items near emotional oddballs (M ⫽ .38 ⫾ .05) than for items
near neutral oddballs (M ⫽ .43 ⫾ .04). Replicating the results of
Hurlemann et al. (2005), the results showed a significant emotioninduced retrograde amnesia for E ⫺ 1 items (M ⫽ .36 ⫾ .06)
relative to N ⫺ 1 items (M ⫽ .44 ⫾ .06). In addition, recall of E ⫹
1 items (M ⫽ .38 ⫾ .05) was lower relative to N ⫹ 1 items (M ⫽
.42 ⫾ .04; see Figure 3). In contrast, the proportion of emotional
oddballs recalled (M ⫽ .96 ⫾ .02) did not differ significantly from
the proportion of neutral oddballs recalled (M ⫽ .95 ⫾ .02), F(1,
43) ⫽ 1.83, p ⬎ .10.

Emotion-Induced Amnesia Effects in
Recognition—Oddball ⫾ 1 Positions
To assess the influence of emotional arousal on mean corrected
recognition memory over an extended time course, we conducted
a repeated measures ANOVA with memory type (general recognition or specific recognition), oddball type (emotional or neutral),

1
0.9

Neutral Oddball Lists
Emotional Oddball Lists

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Oddball - 1

Oddball

Oddball + 1

List Position

Figure 3. Probability of recall (hits ⫺ false alarms) for emotional and neutral oddball and nonoddball items in
list positions immediately preceding and following oddballs in Experiment 1. No significant difference emerged
in memory for the neutral and emotional oddball pictures themselves. Recall for items in E ⫾ 1 positions was
depressed relative to memory for items in N ⫾ 1 positions.
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and nonoddball position (oddball ⫺ 1 or oddball ⫹ 1) as withinsubject factors and delay (immediate or 1 week) as a betweensubjects factor. The results revealed significant main effects of
delay, F(1, 43) ⫽ 60.24, p ⬍ .001, 2p ⫽ .68, and memory type,
F(1, 43) ⫽ 98.16, p ⬍ .001, 2p ⫽ .70. As expected, recognition
performance was better on the immediate test (M ⫽ .69 ⫾ .08)
than after a 1-week delay (M ⫽ .27 ⫾ .08). In addition, general
recognition scores were higher (M ⫽ .53 ⫾ .05) than specific
recognition scores (M ⫽ .43 ⫾ .06). As expected, participants
were more likely to retain at least the general theme of the
nonoddball items than their specific details. There was also an
interaction between memory type and delay, F(1, 43) ⫽ 17.50, p ⬍
.001, 2p ⫽ .29, revealing that specific recognition declined more
over the delay (Mimmediate ⫽ .72 ⫾ .07, Mdelay ⫽ .34 ⫾ .08) than
did general recognition (Mimmediate ⫽ .66 ⫾ .07, Mdelay ⫽ .21 ⫾
.08). The results also showed a significant main effect of oddball
type, F(1, 43) ⫽ 4.41, p ⬍ .05, 2p ⫽ .09,1 because items occupying positions temporally adjacent to emotional oddballs (M ⫽
.46 ⫾ .06) were less likely to be correctly recognized than items in
positions temporally adjacent to neutral oddballs (M ⫽ .50 ⫾ .06).
This was qualified by an interaction between memory type and
oddball type, F(1, 43) ⫽ 10.55, p ⬍ .01, 2p ⫽ .20, because specific
recognition was worse for items in emotional oddball lists (M ⫽
.41 ⫾ .06) than for items in neutral oddball lists (M ⫽ .46 ⫾ .06).
In contrast, memory for at least the general theme of items that
appeared in emotional oddball lists (M ⫽ .52 ⫾ .06) and items that
appeared in neutral oddball lists (M ⫽ .54 ⫾ .06) did not differ
significantly. The main effect of oddball type did not interact with
delay. Thus, the emotion-induced impairment in specific recognition observed for E ⫾ 1 items persisted across the delay period.

Recognition as a Function of Recall
We reasoned that nonoddball items that received enough of a
benefit from reflective processes in working memory to be reported on the immediate free recall test had higher attentional
weights in working memory than did nonrecalled items when
participants reacted to the oddball picture. We predicted that
emotion-induced retrograde enhancement would occur for nonoddball items that had high attentional weights while participants
were processing emotional oddballs. In contrast, we predicted that
retrograde impairment would occur for nonoddball items with low
attentional weights while participants were processing emotional
oddballs.
We tested these hypotheses by assessing whether emotional
arousal had a differential influence on later recognition of retrieved
and nonretrieved items on the immediate free recall test. For each
participant, we divided the number of items recalled and correctly
recognized by the total number of items recalled for each list
position (i.e., recalled items correctly recognized per list position
divided by total items recalled per list position). We then compared
proportions of recalled items that were recognized with proportions of nonrecalled items that were recognized (i.e., nonrecalled
items correctly recognized per list position divided by total items
not recalled per list position). To avoid the loss of significant
amounts of data where participants recalled zero items for a
particular position, we collapsed the number of correct recognition
responses to previously seen items across the four list positions
preceding oddballs. We followed the same procedure to obtain an

overall measure of recognition accuracy for items that followed
oddballs.2

Recognition for Recalled and Nonrecalled Items
We submitted recognition accuracy (hits ⫺ false alarms) to a
repeated measures ANOVA with memory type (general or specific), recall status (recalled or not recalled), list position (items
preceding oddballs or items following oddballs), and oddball type
(emotional or neutral) as within-subjects factors and delay (immediate vs. 1-week recognition) as a between-subjects factor. The
results revealed a significant five-way interaction between all the
factors, F(1, 40) ⫽ 10.27, p ⬍ .01, 2p ⫽ .20. For clarity, we
present the ANOVA results for general and specific recognition
separately.

General Recognition for Recalled and Nonrecalled Items
We submitted general recognition (hits [same ⫹ similar items] –
false alarms) to a repeated measures ANOVA with recall status
(recalled or not recalled), list position (items preceding oddballs or
items following oddballs), and oddball type (emotional or neutral)
as within-subjects factors and delay (immediate vs. 1-week recognition) as a between-subjects factor. The results revealed a significant main effect of recall, F(1, 40) ⫽ 639.39, p ⬍ .0001, 2p ⫽ .94.
Participants were more likely to correctly recognize items they
retrieved on the immediate recall tests (M ⫽ .61 ⫾ .06) than items
they did not retrieve (M ⫽ .28 ⫾ .06). As expected, there was a
main effect of delay, F(1, 40) ⫽ 27.33, p ⬍ .0001, 2p ⫽ .41.
General recognition was higher on the immediate test (M ⫽ .63 ⫾
.06) than after a 1-week delay (M ⫽ .26 ⫾ .06). The results also
showed a significant Recall Status ⫻ Oddball Type ⫻ Position
interaction, F(1, 40) ⫽ 9.79, p ⬍ .01, 2p ⫽ .20. General recognition was higher for recalled items that appeared before emotional
oddballs (M ⫽ .64 ⫾ .06) than for recalled items that appeared
before neutral oddballs (M ⫽ .60 ⫾ .06). Thus, items with high
attentional weights during oddball presentation were more likely to
be recalled if the oddball was emotional than if it was neutral.
General recognition performance for recalled items appearing after
emotional oddballs (M ⫽ .60 ⫾ .06) and recalled items appearing
1

We obtained the same result when we assessed recognition accuracy by
computing the proportion of hits to old items (independent of false alarm
rate). A repeated measures ANOVA with oddball type (perceptual or
emotional) and list position (oddball ⫹ 1 or oddball ⫺ 1) as within-subjects
factors and delay (immediate or 1 week) as a between-subjects factor was
carried out on the proportion of hits to assess the influence of emotional
arousal on recognition memory over an extended time course. The results
revealed a significant main effect of oddball type, F(1, 42) ⫽ 12.49, p ⬍
.001, 2p ⫽ .23. Nonoddball items occupying positions immediately before
and after emotional oddballs (M ⫽ .63 ⫾ .04) were less likely to be
correctly recognized than were items immediately surrounding neutral
oddballs (M ⫽ .68 ⫾ .05). In addition, there was a significant main effect
of delay, F(1, 42) ⫽ 49.83, p ⬍ .001, 2p ⫽ .54. As expected, recognition
performance was better on the immediate test (M ⫽ .82 ⫾ .05) than after
a 1-week delay (M ⫽ .49 ⫾ .06). No other main effects or interactions
emerged.
2
For this analysis, recall data were missing for 3 participants, leaving a
total of 20 participants in the immediate condition and 22 participants in
the delay condition.
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after neutral oddballs (M ⫽ .61 ⫾ .06) did not differ significantly.
A different pattern emerged for nonrecalled items. General recognition was lower for nonrecalled items that appeared before emotional oddballs (M ⫽ .23 ⫾ .06) than for nonrecalled items that
appeared before neutral oddballs (M ⫽ .27 ⫾ .06). Thus, for items
that had relatively low attentional weights during encoding, we
observed emotion-induced retrograde impairment. In addition,
general recognition was higher for nonrecalled items that followed
emotional oddballs (M ⫽ .33 ⫾ .06) than for nonrecalled items
that followed neutral oddballs (M ⫽ .29 ⫾ .06). Emotional arousal
had an enhancing effect on general recognition of nonrecalled
items appearing after emotional oddballs.
Critically, the results revealed a significant Oddball Type ⫻
Delay interaction, F(1, 40) ⫽ 7.82, p ⬍ .01, 2p ⫽ .16. To clarify
how general recognition memory for neutral items that preceded
and followed emotional oddballs changed as a function of delay,
the data were split by delay condition, and general recognition was
examined on the immediate and delayed tests separately.
Immediate test. The results showed a marginally significant
main effect of oddball type, F(1, 19) ⫽ 4.23, p ⫽ .05, 2p ⫽ .18.
General recognition was higher for items in neutral oddball lists
(M ⫽ .64 ⫾ .08) than for items in emotional oddball lists (M ⫽
.62 ⫾ .08). Results also showed a significant main effect of
position, F(1, 19) ⫽ 12.20, p ⬍ .01, 2p ⫽ .39. General recognition
was lower for items preceding oddballs (M ⫽ .60 ⫾ .08) than for
items following oddballs (M ⫽ .66 ⫾ .08). In addition, there was a
significant Recall Status ⫻ Position interaction, F(1, 19) ⫽ 17.83, p ⬍
.01, 2p ⫽ .49. For items recalled, position made little difference in
general recognition (Mpreceding ⫽ .79 ⫾ .08, Mfollowing ⫽ .80 ⫾
.08). However, general recognition was lower for nonrecalled
items preceding oddballs (M ⫽ .41 ⫾ .10) than for nonrecalled
items following oddballs (M ⫽ .51 ⫾ .08). In other words, encoding was not disrupted as much for nonrecalled items that followed
the oddball as it was for nonrecalled items that preceded the
oddball (see Figure 4A).
Delayed test. The results on the delayed test were quite different from those on the immediate test. There was a significant
main effect of oddball type, F(1, 21) ⫽ 4.64, p ⬍ .05, 2p ⫽ .18,
but the pattern was reversed. That is, after a 1-week delay, general
recognition was higher for items in emotional oddball lists (M ⫽
.28 ⫾ .06) than for items in neutral oddball lists (M ⫽ .24 ⫾
.06). The emotion-induced amnesia apparent on the immediate
test disappeared over the delay, and emotion-induced enhancement emerged. The results also revealed a significant Recall
Status ⫻ Oddball Type ⫻ Position interaction, F(1, 21) ⫽ 8.95,
p ⬍ .01, 2p ⫽ .30 (see Figure 4B). General recognition was
higher for recalled items that preceded emotional oddballs
(M ⫽ .49 ⫾ .10) than for recalled items that preceded neutral
oddballs (M ⫽ .39 ⫾ .10). In contrast, general recognition did
not differ for recalled items that followed emotional oddballs
(M ⫽ .41 ⫾ .09) and recalled items that followed neutral
oddballs (M ⫽ .40 ⫾ .09). This pattern suggests that items
appearing before an emotional oddball that have high attentional weights at encoding are exceptional in their tendency to
benefit from the memory-enhancing effects of emotional
arousal. Nonrecalled items appearing before emotional oddballs
(M ⫽ .07 ⫾ .08) were less likely to be correctly recognized than
items appearing before neutral oddballs (M ⫽ .10 ⫾ .08). Thus,
for items with lower attentional weights at encoding, retrograde
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Figure 4. General recognition (hits [same ⫹ similar items collapsed] ⫺
false alarms) for nonoddball items preceding and following oddballs as a
function of recall status at the immediate test (A) and the delayed test (B)
in Experiment 1. Recognition performance was collapsed across the four
positions that preceded oddballs to obtain an overall “before-oddball”
measure. The same procedure was followed to yield an overall “afteroddball” measure.

enhancement was not observed in recognition memory after a
1-week delay. In contrast, nonrecalled items appearing after
emotional oddballs (M ⫽ .14 ⫾ .07) were more likely to be
correctly recognized than their counterparts in neutral oddball
lists (M ⫽ .07 ⫾ .07).

Specific Recognition for Recalled and Nonrecalled Items
We submitted specific recognition (hits [same items] – false
alarms) to a repeated measures ANOVA with recall status (recalled or not recalled), list position (items preceding oddballs or
items following oddballs), and oddball type (emotional or neutral)
as within-subjects factors and delay (immediate vs. 1-week recognition) as a between-subjects factor. The results revealed a significant main effect of recall, F(1, 40) ⫽ 377.07, p ⬍ .0001, 2p ⫽ .90.
Specific recognition was higher for recalled items (M ⫽ .50 ⫾ .07)
than for nonrecalled items (M ⫽ .21 ⫾ .06). As expected, there
was a main effect of delay, F(1, 40) ⫽ 115.39, p ⬍ .0001,
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2p ⫽ .74. Specific recognition was higher on the immediate test
(M ⫽ .57 ⫾ .10) than after a 1-week delay (M ⫽ .14 ⫾ .10). The
results also showed a significant main effect of oddball type, F(1,
40) ⫽ 10.70, p ⬍ .01, 2p ⫽ .21. Participants were more likely to
remember visual details of items in neutral oddball lists (M ⫽
.37 ⫾ .06) than they were to remember visual details of items in
emotional oddball lists (M ⫽ .34 ⫾ .06). The results also showed
a main effect of item position, F(1, 40) ⫽ 9.47, p ⬍ .01, 2p ⫽ .19,
because specific recognition was lower for items appearing before
oddballs (M ⫽ .34 ⫾ .07) than for items appearing after oddballs
(M ⫽ .38 ⫾ .06). This was qualified by an Oddball Type ⫻
Position interaction, F(1, 40) ⫽ 4.13, p ⬍ .05, 2p ⫽ .09. The
interaction showed that specific recognition was lower for items
preceding emotional oddballs (M ⫽ .31 ⫾ .06) than for items
preceding neutral oddballs (M ⫽ .36 ⫾ .06). Thus, the retrograde
impairment effect was emotion induced. Specific recognition of
items that followed emotional oddballs (M ⫽ .37 ⫾ .06) and items
that preceded (M ⫽ .37 ⫾ .06) and followed (M ⫽ .38 ⫾ .06)
neutral oddballs did not differ significantly. Finally, the results
revealed a significant interaction between oddball type and delay,
F(1, 40) ⫽ 4.55, p ⬍ .05, 2p ⫽ .10.
To clarify how specific recognition memory for neutral items
that preceded and followed emotional oddballs changed as a function of delay, we split the data by delay condition and examined
specific recognition on the immediate and delayed tests separately.
Immediate test. The results showed a main effect of oddball
type, F(1, 19) ⫽ 15.66, p ⬍ .01, 2p ⫽ .45. Specific recognition
was higher for items in neutral oddball lists (M ⫽ .60 ⫾ .10) than
for items in emotional oddball lists (M ⫽ .54 ⫾ .10). Results also
showed a significant main effect of position, F(1, 19) ⫽ 18.39, p ⬍
.001, 2p ⫽ .49. Specific recognition was lower for items preceding
oddballs (M ⫽ .53 ⫾ .10) than for items following oddballs (M ⫽
.61 ⫾ .10).
Delayed test. After a 1-week delay, the main effect of oddball
type was no longer significant (F ⬍ 1, ns).
In summary, there were Oddball Type ⫻ Delay interactions for
both general and specific memory measures; in both cases, there
was more emotion-induced retrograde impairment for recalled
items on immediate than on delayed tests; however, the full reversal to emotion-induced retrograde enhancement over a 1-week
delay only occurred for general recognition.

Discussion
Replication and Extension of Previous Results—Recall
and Recognition Scores for E ⫾ 1 Items
In Experiment 1, relative to their counterparts in neutral oddball
lists, E ⫺ 1 and E ⫹ 1 items were significantly less likely to be
recalled immediately after each list presentation. Our findings thus
replicated emotion-induced retrograde and anterograde amnesia in
tests of immediate recall (Hurlemann et al., 2005; Strange et al.,
2003) with a novel stimulus set.
In addition to testing recall immediately after each list, we also
tested recognition memory at the end of the session or a week later.
To our knowledge, this is the first study to compare immediate and
delayed emotion-induced retrograde and anterograde effects. Our
findings replicate previous findings of anterograde amnesia in
immediate recognition (e.g., Detterman & Ellis, 1972; Ellis et al.,

1971; Schmidt, 2002). On both the immediate and the delayed
tests, emotion-induced amnesia was observed in recognition memory for E ⫾ 1 items. Our findings further indicate that emotioninduced decrements in memory performance persist over time; a
delay of 1 week did not mitigate the overall recognition advantage
for N ⫾ 1 items over E ⫾ 1 items. In addition, by examining both
specific and general recognition, we were able to show that the
impairment in memory in emotional oddball lists is selective for
the visual details of previously seen E ⫾ 1 items. No significant
difference emerged in memory for the general theme of items
presented immediately before and after emotional oddballs. Thus,
participants were able to at least remember that they had seen these
items before. However, the appearance of the emotional oddball
selectively compromised the ability to form item– context associations to support a detailed recollection of the particular E ⫾ 1
item experienced. These findings suggest that the retrograde and
anterograde amnesia in free recall observed in previous emotional
oddball studies may reflect failures in self-directed recollection
that might not extend to gist recognition memory.

Recognition Memory as a Function of Recall
Status—Recognition Scores for Before-Oddball and
After-Oddball Items
In addition to replicating emotion-induced retrograde and anterograde effects, a second major goal of our study was to understand the mechanisms of contradictory findings of emotioninduced memory amnesia and enhancement for items appearing
near an emotionally arousing item. We predicted that an item’s
attentional weight at the time of encoding would play a crucial role
in whether emotion-induced amnesia or enhancement would be
observed. In addition, based on A. Anderson et al.’s (2006) finding
of emotion-induced retrograde enhancement after a 1-week delay
period, we examined whether an extended time course is necessary
for emotion-induced retrograde enhancement to be expressed.
Recalling items that appeared before an oddball immediately
after list presentation is an indication that the items were active in
working memory (and therefore had higher attentional weights
than nonrecalled items) during the oddball presentation. This initial strength of before-oddball memory representations had an
impact on how they were affected by emotional oddballs. We
found enhanced general recognition of before-oddball items that
were successfully recalled on the immediate free recall tests.
However, the retrograde enhancement effect was not apparent on
the recognition test administered during the same session as encoding; it emerged only after a delay period of 1 week. Thus, we
observed both emotion-induced impairment and enhancement
within the same experimental paradigm. However, the emotioninduced enhancement effect in general recognition required an
extended time course to be expressed and was only seen for
previously recalled items.
These findings suggest that highly activated items appearing
near in time to the induction of emotion are endowed with emotion’s memory-enhancing effect. The neurobiological processes
that accompany emotional arousal may act to stabilize representations that are most active within a specific temporal window.
Consolidation of these representations may be enhanced over
extended time periods (days to weeks).
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Furthermore, the emotion-induced memory impairment observed in specific recognition was no longer present after a 1-week
delay. The fact that the emotion-induced amnesia for the visual
details of nonoddball items was present after a short delay but did
not occur after the long delay suggests that the impairment is
relatively short lasting. Although emotion might impair immediate
retrieval of an item’s visual details, consolidation processes may
remove this temporary retrieval blockage. In contrast, when we
examined memory performance for E ⫺ 1 items alone, memory
impairment for visual details persisted across the delay. Taken
together, these findings suggest that the representation of visual
details of E ⫺ 1 items are sensitive to encoding disruption by
emotional oddballs when the interstimulus interval is short (1 s).
The degree of disruption produced by an emotional oddball lessens
with the temporal distance between the emotional oddball and the
items that appear before it.
Our results further suggest that if items occurring near in time to
emotional arousal are overshadowed when competing for limited
attentional resources, their consolidation will not benefit from their
original proximity to arousal. This was presumably the case for
nonrecalled items that preceded emotional oddballs. Interestingly,
emotion-induced enhancement was observed for nonrecalled items
that followed emotional oddballs. Nonrecalled items presented
after oddballs had the advantage of occurring near in time to an
emotionally arousing item. Because they appeared near the end of
the list, the neural representation of these items did not have much
time to be overshadowed or disrupted by previously rehearsed
items and therefore may have been able to benefit from the
memory-enhancing effect of emotional arousal. Memory was not
enhanced for recalled items appearing after emotional oddballs.
The crucial difference between recalled items and nonrecalled
items appearing after emotional oddballs seems to be the degree to
which they actively compete for limited attentional resources.
Overall, our findings show that the relative amount of rehearsal an
object receives at encoding and the delay between encoding and
test both play a crucial role in whether emotion-induced enhancement or impairment will be observed.

Experiment 2
The findings from Experiment 1 suggest that both an item’s
attentional weight at encoding and the delay period between encoding and test sessions are crucial factors in determining whether
emotion-induced memory enhancement or impairment is observed.
However, because the strength of an item’s representation in
working memory was not manipulated directly, we cannot be
certain that this factor led to the retrograde enhancement and
impairment observed in recognition memory. In Experiment 2, we
compared the memory performance of participants who were instructed to recall the nonoddball items after viewing each list with
that of those who did not have to recall the items. To increase the
strength of this manipulation and to create a closer analogue to
the A. Anderson et al. (2006) presentation format, we reduced the
number of nonoddball items in each list from seven to four. The
smaller memory load increased the chances that high levels of
attention could be allocated to each list item in the recall condition,
which should allow for the greatest chance of observing emotioninduced memory enhancement according to our hypothesis that
emotion-induced memory enhancement for preceding list items
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depends on their attentional weight at the time of the emotional
reaction.
As seen in Experiment 1, we predicted that emotion-induced
impairment would be evident on a test of immediate recall. In
addition, for participants in the recall condition, we predicted that
retrograde enhancement would be present when memory was
tested after a 1-week delay. For participants in the no-recall condition, we predicted no retrograde enhancement. However, in
Experiment 1 nonrecalled items that followed emotional oddballs
were more likely to be recognized 1 week later than nonrecalled
items that followed neutral oddballs. On the basis of these results,
we predicted a recognition advantage for items following emotional oddballs in the no-recall condition of Experiment 2.

Method
Participants
Undergraduates (N ⫽ 63, 30 recall condition, 33 no recall
condition, Mage⫽ 19.38, SD ⫽ 1.38, 24 men, 39 women) received
course credit for participating and provided informed consent
before beginning the experiment.

Stimuli
We constructed 24 lists of four semantically different stimuli
from the pool of nonoddball stimuli used in Experiment 1. Each
list contained four everyday objects (nonoddball stimuli) from
different semantic categories. Of the 144 total nonoddball stimuli,
96 were used to construct 24 encoding lists and 48 were reserved
as foils for a later recognition test. Half of the list items were real
photographs of objects (natural stimuli) and the remaining half
were illustrations of objects (artificial stimuli). Each list also
included one emotionally arousing picture or one neutral oddball
inserted into List Position 2, 3, or 4, making the list five items
long. The emotional and neutral oddballs were the same as those
used in Experiment 1. Nonoddball stimuli appearing as old items
or as foils were counterbalanced across participants, as was the
particular version of an object (natural or artificial) and the type of
oddball with which it appeared.

Procedure
Half of the participants were randomly assigned to a recall
condition. For these participants, the encoding session was the
same as in Experiment 1, with two minor changes to accommodate
the shorter lists. The math task was reduced from 25 s to 20 s and
participants were allotted 25 s (instead of 30 s) to write down as
many items from the list as they could remember. Before the
presentation of the first list, all participants in the recall condition
were instructed to remember the items because they would be
tested after each list was presented. The remaining half of the
participants in the no-recall condition saw each input list and
completed the math distracter task but did not engage in the 25-s
recall session after each list. As in Experiment 1, participants in
both conditions were asked to indicate whether the stimulus presented was “artificial” (a computer-generated image) or “natural”
(a real photograph) by pressing a key. At the completion of the
math task, the words New List appeared and a new input list was
shown immediately thereafter.
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Following the presentation of the 24 input sequences, all participants returned 1 week later to take the recognition tests for
oddball and nonoddball stimuli. On each trial, participants were
presented with pairs of items. The recognition test for nonoddball
stimuli consisted of 144 total trials of two types: old items paired
with similar foils and new items paired with similar foils. In 96 of
the trials, old items were presented along with a corresponding
natural or artificial foil. In the remaining 48 trials, both the natural
and the artificial versions of the new items were shown. Participants were asked to indicate on each trial which version of the item
was seen previously or to indicate whether both items were new.
Participants responded by pressing a key corresponding to their
selection. The recognition test for nonoddball stimuli was followed
by a forced-choice recognition test for the oddball items. Foils
were selected to match the oddballs in terms of human presence
and thematic content.

Results
Immediate Recall
Across the 24 input lists, participants recalled about two thirds
of the items presented (M ⫽ .65, SE ⫽ .02). There was no
significant difference in the proportion of E ⫺ 1 items recalled
(M ⫽ .58 ⫾ .07) and the proportion of N ⫺ 1 items recalled (M ⫽
.57 ⫾ .08). This suggests that at lower memory loads than those
used in previous investigations (and in Experiment 1), arousing
items do not lead to retrograde amnesia. There was marginally
significant anterograde amnesia, t(31) ⫽ 2.02, p ⫽ .05. Participants recalled a smaller proportion of E ⫹ 1 items (M ⫽ .52 ⫾ .06)
than N ⫹ 1 items (M ⫽ .60 ⫾ .07).
In the next analysis, we looked more broadly at all of the list
items rather than just the items immediately before or after the
oddballs. We calculated the proportion of items recalled for each
list position that preceded and followed oddballs by dividing the
total number of items recalled at each list position by the total
number of items seen at that position. Recall proportion was
submitted to a repeated-measures ANOVA with oddball type
(emotional or neutral) and list position (preceding oddball or
following oddball) as within-subjects factors. The results showed
a significant main effect of oddball type, F(1, 31) ⫽ 4.64, p ⬍ .05,
2p ⫽ .13. Participants recalled a larger proportion of items from
lists with neutral oddballs (M ⫽ .60 ⫾ .06) than from lists with
emotional oddballs (M ⫽ .56 ⫾ .05). This main effect was qualified by an Emotion ⫻ Position interaction, F(1, 31) ⫽ 5.72, p ⬍
.05, 2p ⫽ .16 (see Figure 5). There was no significant difference
in recall of items that appeared before emotional oddballs (M ⫽
.60 ⫾ .07) and before neutral oddballs (M ⫽ .59 ⫾ .07). However,
recall of items that appeared after emotional oddballs (M ⫽ .53 ⫾
.05) was lower than that for items that appeared after neutral
oddballs (M ⫽ .61 ⫾ .07). In addition, the proportion of emotional
oddballs recalled (M ⫽ .94 ⫾ .04) was significantly larger than the
proportion of neutral oddballs recalled (M ⫽ .85 ⫾ .04), F(1,
31) ⫽ 17.56, p ⬍ .05, 2p ⫽ .36.

Delayed Recognition
We submitted recognition accuracy (hits ⫺ false alarms) to a
repeated-measures ANOVA with memory type (general or spe-

cific), oddball type (neutral or emotional), and list position (preceding oddball or following oddball) as within-subjects factors and
encoding condition (recall or no recall) as a between-subjects
factor.3 There was a significant main effect of memory type, F(1,
61) ⫽ 137.51, p ⬍ .001, 2p ⫽ .69, because participants were more
likely to recognize the general theme of previously seen nonoddball items (M ⫽ .40 ⫾ .04) than they were to recognize the visual
details of those items (M ⫽ .31 ⫾ .04). There also was a significant
Oddball Type ⫻ Encoding Condition ⫻ Position interaction, F(1,
61) ⫽ 5.27, p ⬍ .05, 2p ⫽ .08 (see Figure 6). When participants
were not required to recall the five items from each list immediately after seeing them, recognition a week later did not differ for
items that appeared before emotional oddballs (M ⫽ .34 ⫾ .04)
and items that appeared before neutral oddballs (M ⫽ .33 ⫾ .04).
These findings are consistent with the findings from Experiment 1, in
which nonrecalled items that appeared before emotional oddballs
showed no emotion-induced retrograde enhancement. Recognition for
items that appeared after emotional oddballs (M ⫽ .34 ⫾ .06) was
numerically higher than for items that appeared after neutral oddballs
(M ⫽ .30 ⫾ .06). As in Experiment 1, for items with low attentional
weights, participants were more likely to recognize items that appeared after emotional oddballs than they were to recognize items
appearing after neutral oddballs. However, a post hoc test showed that
the difference for postoddball items in Experiment 2 was only marginally significant, t(33) ⫽ 1.81, p ⫽ .07.
In addition, as predicted, the recall condition produced a different pattern than the no-recall condition. Recognition memory was
better for items that preceded emotional oddballs (M ⫽ .41 ⫾ .06)
than for items that preceded neutral oddballs (M ⫽ .34 ⫾ .06)4
This finding suggests that increased rehearsal gave the memoryenhancing effects of emotional arousal a better chance to
strengthen representations of items that appeared before emotional
Running the same recognition ANOVA with just the oddball ⫾ 1 items
yielded a significant four-way interaction between all factors, F(1, 61) ⫽
4.12, p ⬍ .05, 2p ⫽ .06. For the purpose of clarity, we present the results
for the recall and no-recall conditions separately. In the no-recall condition,
there was a significant Memory Type ⫻ Oddball Type ⫻ Position interaction, F(1, 32) ⫽ 6.77, p ⬍ .05, 2p ⫽ .18. In the no-recall condition,
general recognition was lower for E ⫺ 1 items (M ⫽ .37 ⫾ .06) than for
N ⫺ 1 items (M ⫽ .44 ⫾ .06). For items with low attentional weights at
encoding, emotion-induced retrograde impairment was observed after a
1-week delay. General recognition did not differ for E ⫹ 1 items (M ⫽
.32 ⫾ .06) and N ⫹ 1 items (M ⫽ .32 ⫾ .06). In contrast, specific
recognition did not differ significantly for E ⫺ 1 items (M ⫽ .28 ⫾ .06)
and N ⫺ 1 items (M ⫽ .32 ⫾ .06). Similarly, specific recognition did not
differ for E ⫹ 1 items (M ⫽ .23 ⫾ .06) and N ⫹ 1 items (M ⫽ .24 ⫾ .06).
In the recall condition, there was no main effect of oddball type. In
addition, oddball type did not interact with any of the other factors. Thus,
in summary, these oddball ⫾ 1 analyses reveal a pattern of emotioninduced retrograde impairment in the no-recall condition, parallel to the
emotion-induced retrograde impairment seen for E ⫺ 1 items in Experiment 1. In the recall condition, this emotion-induced retrograde impairment
was eliminated, but there was not a reversal to emotion-induced enhancement, as shown when we examined all the before-oddball items, as reported in the Results section.
4
A paired-samples t test confirmed that the difference in recognition
memory for items preceding emotional oddballs (M ⫽ .41, SE ⫽ .03) and
items preceding neutral oddballs (M ⫽ .34, SE ⫽ .03) was significant in the
recall condition, t(29) ⫽ 2.57, p ⬍ .05.
3
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Figure 5.

Probability of recall as a function of list position in Experiment 2.

oddballs in the recall condition and mark them for consolidation
into long-term memory. Recognition memory for items in the
recall condition that followed emotional oddballs (M ⫽ .42 ⫾ .06)
did not differ significantly from that for items that followed neutral
oddballs (M ⫽ .44 ⫾ .06). Thus, as in Experiment 1, emotioninduced enhancement depended on the nature of attention at the
time of encoding.
The results also revealed a significant Memory Type ⫻ Oddball
Type ⫻ Position interaction, F(1, 61) ⫽ 4.94, p ⬍ .05, 2p ⫽ .08
(see Figure 7). General recognition a week later for items that
appeared before emotional oddballs (M ⫽ .42 ⫾ .04) and items
that appeared before neutral oddballs (M ⫽ .39 ⫾ .04) did not
differ significantly. Similarly, general recognition for items that
appeared after emotional oddballs (M ⫽ .40 ⫾ .04) and items
appearing after neutral oddballs (M ⫽ .39 ⫾ .04) did not differ. In
contrast, specific recognition for items that appeared before emotional oddballs was higher (M ⫽ .33 ⫾ .05) than that for items that
appeared before neutral oddballs (M ⫽ .28 ⫾ .05)5 Specific
recognition for items that appeared after emotional (M ⫽ .31 ⫾
.05) and neutral (M ⫽ .31 ⫾ .05) oddballs did not differ. Figure 8
displays this effect separately for the two conditions.

Discussion
The replication of retrograde memory enhancement after direct
manipulation of the intention to maintain, manipulate, and rehearse
each list item permits stronger conclusions about the role of an
item’s level of activation at the time that emotion is experienced.
In Experiment 1, we used whether an item was recalled immediately after each list presentation as a marker of its attentional
weight in working memory during the list presentation. In Experiment 2, the attentional weight given to items was manipulated by
having participants in one condition recall each list of items after
it was presented during the encoding session; the remaining participants were not asked to recall each list of items. We expected
that participants in the recall condition would be more likely than

participants in the no-recall condition to try to maintain and
rehearse list items while seeing the lists. Thus, items in the norecall condition presumably had lower attentional weights relative
to their counterparts in the recall condition and were also less
likely to compete for limited attentional resources at encoding.
Consistent with the result from Experiment 1, retrograde enhancement was observed in the recall condition for items that appeared
before emotional oddballs and were presumably in a state of high
activation when emotional arousal occurred. In contrast, in both
experiments emotion-induced retrograde enhancement was not
apparent for items that had relatively low attentional weights. In
addition, in both Experiments 1 and 2, we observed emotioninduced impairment on tests of immediate recall.
Finally, in both experiments emotion-induced enhancement
emerged after a 1-week delay. The findings are consistent with the
idea that memory enhancement is less likely to occur after a period
of consolidation if items occurring near in time to emotional
arousal are overshadowed when competing for limited attentional
resources. Being asked to recall the items after each list presentation places pressure on participants to rehearse the items in working memory so that they are available when the test occurs. Thus,
items are likely to compete for limited attentional resources before
the retrieval attempt. One possibility is that recalled preoddball
items were those that had the highest activation levels at the time
that emotional arousal evoked by the emotional oddball was experienced. Therefore, these nonoddball items could benefit the
most from emotion-induced memory enhancement. The fact that in
both experiments, emotional memory enhancement occurred for
items with high attentional weights only if they appeared before
emotional oddballs suggests that items that are potential predictors
5

A paired-samples t test confirmed that specific recognition for items
preceding emotional oddballs (M ⫽ .33, SE ⫽ .02) was significantly higher
than that for items preceding neutral oddballs (M ⫽ .28, SE ⫽ .02), t(62) ⫽
2.93, p ⬍ .01.
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Figure 6. Recognition accuracy (hits ⫺ false alarms) for nonoddball items that preceded and followed oddballs
in the recall and no-recall conditions in Experiment 2. Recognition performance was collapsed across the three
positions that preceded and followed oddballs to obtain an overall “before-oddball” and “after-oddball” measure.

of the onset of an emotionally arousing item may be marked for
enhanced consolidation. Both an item’s attentional weight at encoding and its potential value as a predictor of an important future
outcome may be important in determining whether emotioninduced enhancement will occur.
There were also some interesting differences between the results
of Experiment 2 and those of Experiment 1. The recall data in
Experiment 1 replicated the results of previous studies by showing

poorer memory for items that preceded and followed emotional
oddballs relative to control items on immediate tests of free recall.
In Experiment 2, we observed only emotion-induced anterograde
amnesia on the free recall test, suggesting that retrograde amnesia
effects may depend on list length. In Experiment 1, emotioninduced retrograde impairment reversed over a delay of 1 week
and retrograde enhancement emerged in general recognition. In
Experiment 2, emotion-induced memory enhancement was ob-
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Figure 7. Recognition accuracy (hits ⫺ false alarms) for nonoddball items that preceded and followed oddballs
as a function of memory type in Experiment 2. Recognition performance was collapsed across the three positions
that preceded and followed oddballs to obtain an overall “before-oddball” and “after-oddball” measure.
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Figure 8. Recognition accuracy (hits ⫺ false alarms) for nonoddball items that preceded and followed oddballs
as a function of memory type in the recall condition (A) and the no-recall condition (B) in Experiment 2.
Recognition performance was collapsed across the three positions that preceded and followed oddballs to obtain
an overall “before-oddball” and “after-oddball” measure.

served after 1 week in specific recognition. The combination of
high attentional weights at encoding and lighter working memory
load in Experiment 2 may have allowed participants to hold more
detailed information about items that preceded emotional oddballs
in working memory. This suggestion is further supported by the
fact that immediate recall of items preceding emotional oddballs
was not compromised relative to items preceding neutral oddballs
in Experiment 2. In summary, emotion-induced enhancement
emerged in specific recognition for items appearing before emotional oddballs with performance in the recall and no-recall con-

ditions collapsed. The same trend was apparent in general recognition, but the emotion-induced enhancement effect was not strong
enough to be significant. However, as shown in Figure 8, with
specific and general recognition performance separated by condition, it was in general recognition that performance was most
different according to attentional weight. In accord with the findings in Experiment 1, whereas no retrograde enhancement in
general recognition was observed for items in the no-recall condition, retrograde enhancement did emerge for items in the recall
condition.
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General Discussion

Experiment 1 replicated previous findings of emotion-induced
retrograde and anterograde impairment for E ⫾ 1 stimuli in immediate free recall (Hurlemann et al., 2005; Strange et al., 2003).
An emotional oddball inserted into a list of neutral items disrupted
encoding of temporally contiguous items. Experiment 1 also
showed that memory impairments for E ⫾ 1 items occurred not
only on tests of immediate free recall but also on tests of immediate and delayed recognition. Mean corrected recognition scores
for items appearing immediately before and after emotional oddballs were significantly lower than mean corrected recognition
scores for items appearing immediately before and after neutral
oddballs. Thus, emotion-induced amnesia for E ⫾ 1 items in a list
operates over short time scales (seconds) and can persist across a
longer time scale (a week). Furthermore, the results from Experiment 1 show that the presentation of an emotional oddball selectively compromises memory for the visual details of E ⫾ 1 items
because no significant difference was observed in memory for the
general theme of items temporally adjacent to emotional oddballs
relative to their counterparts in neutral oddball lists.
Thus, the dominant result from Experiment 1 was that arousing
items led to forgetting of preceding and subsequent items, on tests
given both in the same session and a week later. These results
conflict with A. Anderson et al.’s (2006) finding that a neutral
picture’s appearing before an arousing picture led to enhanced
memory for it a week later. However, by categorizing nonoddball
items as having been recalled or not immediately after each list
presentation, we were able to observe emotion-induced memory
enhancement and impairment within the same experimental paradigm. Items recalled on the immediate tests presumably received
high enough activation during strategic rehearsal in working memory to establish memory traces linking them to aspects of the initial
learning episode. Consistent with our predictions, for items with
high attentional weights at encoding, emotion-induced retrograde
enhancement was observed on a recognition test 1 week after
encoding. In contrast, when we examined subsequent recognition
memory for items that were not recalled immediately after seeing
the list, we observed emotion-induced retrograde impairment, suggesting that items that received relatively fewer encoding resources were even more likely to be forgotten a week later when
they had originally appeared near emotional oddball items than
when they had originally appeared near neutral oddball items.
In addition, this analysis revealed that the passage of time made
a difference in whether retrograde enhancement or impairment was
expressed. On the Session 1 test, recognition memory was worse
for both the visual details and the general theme of items in
emotional oddball lists than for items in neutral oddball lists. This
main effect of oddball type did not interact with whether an item
was retrieved or not during free recall. In contrast, 1 week after
encoding, emotion-induced enhancement emerged in general recognition. Participants were more likely to remember the general
theme of nonoddball items that appeared before emotional oddballs than they were to remember the general theme of their
counterparts in neutral oddball lists. For emotion-induced retrograde enhancement to operate on a trial-to-trial basis, a rapid
mechanism would have to be involved to tag items for later
consolidation. The findings from Experiment 1 confirm A. Anderson et al.’s (2006) speculation that for the retrograde enhancement

to be expressed fully, enough time has to pass to let consolidation
strengthen recently formed memory representations.
The passage of time also influenced emotion-induced memory
impairment in specific recognition. The retrograde impairment in
memory for the visual details of nonoddball items was no longer
present after a 1-week delay. This finding suggests that although
emotion impairs immediate retrieval of the specific details of
preceding nonoddball items, consolidation processes counteract
this retrieval blockage. Overall, our findings help resolve the
contradiction of how emotionally arousing items can enhance
memory for preceding items in one study (A. Anderson et al.,
2006) but impair memory for preceding items in many other
studies (Bornstein et al., 1998; Detterman & Ellis, 1972; Ellis et
al., 1971; Erdelyi & Blumenthal, 1973; Hadley & MacKay, 2006;
Hurlemann et al., 2005; MacKay et al., 2004; Miu et al., 2005;
Runcie & O’Bannon, 1977; Schmidt, 2002; Strange et al., 2003).
Retrieving recently acquired information can place that information in a labile state that requires reconsolidation to restabilize
the memory trace (see Dudai, 2006, and Tronson & Taylor, 2007,
for reviews). Reconsolidation is thought to play an important role
in allowing for memories to be updated, modified, and strengthened. In these studies, the repeated rehearsal of the encoded items
in anticipation of immediate free recall tests may have played a
role in sensitizing these traces to the memory-enhancing influence
of emotional arousal. However, competition in working memory
among items may also have sensitized these traces to disruption by
stronger competitors.
In Experiments 1 and 2, retrograde enhancement was observed
a week later for items that preceded emotional oddballs and were
presumably in a state of high activation when emotional arousal
occurred. One possible explanation for this pattern of results is that
the predictive relationship shared by items that precede an emotionally provocative event increases the likelihood of memory
enhancement. Another possibility is that the key factor was the
activation level of an item at the time that the arousal was experienced. Those neutral items that had high activation when an
arousing item was seen would be marked for subsequent enhanced
consolidation, whereas postoddball items would not receive the
same benefit. A related possibility is that the quality of rehearsal in
working memory may determine which items are endowed with
enhanced recollective experience. Items in early list positions
should have received the most rehearsal and so could have dominated or interfered with representations that were formed when
working memory capacity limits were challenged.
In Experiment 2, we manipulated the attentional weight given to
nonoddball items. Participants in one encoding condition were
under pressure to recall each list of items after it was presented
during the encoding session. The remaining half of our participants
did not engage in free recall of each list. As with recalled items in
Experiment 1, in the recall condition we found emotion-induced
retrograde enhancement in recognition memory 1 week later. Consistent with our prediction, our findings suggest that what made
these items sensitive to the mnemonic boost provided by emotion
was their high level of activation during the initial learning session.
The findings in the recall condition of Experiment 2 and for
recalled items in Experiment 1 are consistent with the idea that
memory enhancement is more likely to occur after a period of
consolidation for items occurring near in time to emotional arousal
that dominate the competition for limited attentional resources.
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Furthermore, among nonoddball items with high attentional
weights, in both experiments emotion-induced memory enhancement was observed for items poised to predict the onset of an
emotionally arousing event. For items that were highly activated at
encoding but appeared after emotional oddballs, memory enhancement was not observed. Such a finding indicates that items that
have high attentional weights and that have the potential to predict
the onset of an important future event might be exceptional in their
sensitivity to memory enhancement by emotional arousal. Consistent with this idea, previous research has shown that key areas of
the brain involved in emotional memory enhancement are also
activated in anticipation of an emotional event (LaBar, Gatenby,
Gore, LeDoux, & Phelps, 1998; Nitchke, Sarinopoulos, Mackiewicz, Schaefer, & Davidson, 2006). Participants might have been
in a state of anticipation before experiencing an oddball in each
list. However, the anticipation of a distinctive and memorable
event alone cannot readily explain the retrograde enhancement we
observed. If this were the case, we should have observed retrograde enhancement for neutral items that preceded both emotional
and neutral oddballs because both were memorable and distinctive.
In addition to modulation by activation level at encoding, our
findings suggest an emotion-induced enhancement of consolidation that is independent of attention and rehearsal. Overall, our
findings suggest that both activation strength and position relative
to the emotional item may be important in determining whether
emotion-induced enhancement will occur. However, these experiments do not allow us to examine the influences of these factors
separately.
In Experiment 1, emotional arousal enhanced general recognition for nonrecalled items that followed emotional oddballs. This
finding is consistent with the contention that neutral items occurring near in time to emotionally arousing items can benefit from
emotional arousal’s memory-enhancing influence after a period of
consolidation. Nonrecalled items that followed emotional oddballs
in Experiment 1 were presented when working memory capacity
was heavily loaded and had little or no opportunity to enter and
compete with items already in the rehearsal loop. The reduced
interference experienced with these representations may have
made them less vulnerable to disruption and allowed emotion to
enhance their consolidation.
The findings of Experiment 1 reveal that some of the effects of
emotionally arousing items only emerge after the passage of time
and thus presumably reflect consolidation processes. On the immediate recognition test in Experiment 1, participants were less
likely to correctly recognize the general theme and the visual
details of items in emotional oddball lists relative to items in
neutral oddball lists. This emotion-induced amnesia reversed over
the delay, and retrograde enhancement emerged in general recognition. This finding is intriguing because it suggests that although
emotional arousal may mark highly activated preceding items for
enhanced consolidation, these items may also become temporarily
inaccessible to retrieval attempts in the short term. Although
emotion-induced retrograde enhancement was not observed in
specific recognition, the impairment in memory for the visual
details of items that appeared before emotional oddballs was no
longer present when recognition was tested 1 week later. Over
time, consolidation may make memory for the general theme and
visual details of these items more resistant to disruption.
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There are also some interesting differences between the results
of Experiment 2 and those of Experiment 1. The recall data in
Experiment 1 replicated results of previous studies by showing that
memory was poorer for items that preceded and followed emotional oddballs relative to control items on immediate tests of free
recall. In Experiment 2, we observed only emotion-induced anterograde amnesia on the free recall test, suggesting that retrograde
amnesia effects may depend on list length. In Experiment 2, the
working memory load was reduced to four neutral items in each
list, compared with seven in Experiment 1. Nevertheless, the
emotion-induced enhancement observed for recalled items in Experiment 1 was again observed for items in the recall condition of
Experiment 2 in spite of the rehearsal differential across experiments.
Another interesting difference to emerge was that in Experiment
1, emotion-enhanced memory for the general theme more than for
specific details of items that appeared before emotional oddballs
after a 1-week delay. In Experiment 2, the memory-enhancing
effect of emotion was larger in specific recognition for items that
preceded emotional oddballs than in general recognition. The
combination of high attentional weights at encoding and lighter
working memory load in Experiment 2 may have allowed participants to form more detailed representations of items that preceded
emotional oddballs in working memory.
Our findings have clarified the circumstances under which
emotion-induced enhancement and impairment are most likely to
occur. Emotion-induced impairment is most likely when interference in working memory is high and emotionally arousing items
consume attentional resources that might otherwise be devoted to
rehearsing temporally contiguous neutral items (e.g., Mather et al.,
2006). In contrast, emotion-induced enhancement is most likely to
occur for items that receive the benefit of rehearsal in working
memory and that precede the onset of emotional arousal. In addition, emotion-induced impairment is most likely when memory is
tested shortly after encoding,6 whereas emotion-induced enhancement is most likely to occur when memory is tested after a delay
period. Thus, our findings reveal that emotion-induced enhancement requires an extended time course to be expressed.
An interesting question for future research concerns the flexibility of representations that have undergone enhanced consolidation by virtue of their appearance near an emotional item and the
high level of activation they receive at encoding. Recent research
has suggested that emotional items can produce stronger proactive
interference than neutral items, which may make it more difficult
to update these representations with new information (Mather, in
press; Novak & Mather, 2009). In addition, a recent study has
shown impairment in the ability to learn new associations to
6
Although our research design did not allow for a measurement of the
separate influences of the valence and arousal levels of our emotional
oddballs, the results of previous studies have suggested that valence and
arousal may differentially influence memory for items in emotional oddball
lists (Hurlemann et al., 2005). Hurlemann et al. (2005) included both
positive and negative arousing oddballs in their design. In lists with
negative arousing oddballs, retrograde impairment occurred in immediate
free recall. In contrast, retrograde impairment was not obtained when the
lists contained positive arousing oddballs. Thus, it is possible that our
replication of emotion-induced retrograde impairment may be because of
the valence of the emotional oddball, the arousal level, or both.
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neutral items that were previously associated with emotionally
arousing items (Mather & Knight, 2008). On the basis of this
recent evidence, it is possible that neutral items endowed with
emotion’s memory-enhancing influence also produce high levels
of proactive interference and may be more resistant to change.
Overall, our findings highlight some important features of human
memory that may serve an adaptive function but can also backfire
under extreme or extraordinary circumstances. Endowing emotionally arousing stimuli with memory-enhancing potential makes
good evolutionary sense because these events are likely to be
instructive. The fact that the memory-enhancing effect of emotional arousal can radiate outward to encompass neutral information occurring before and, in some circumstances, after the onset of
emotional arousal is intriguing. However, a memory system that
randomly marks and records information occurring near in time to
an emotionally consequential event without recourse to some
protocol for selection would not be very efficient. Consistent with
the central tenet of the object-based framework, our findings
demonstrate that attention is the ephemeral glue that determines
how emotional memory enhancement will later manifest (Mather,
2007). Because several aspects of attention can be consciously
controlled, the information most likely to become a long-lasting
part of memory has passed a litmus test either because it is
inherently salient and therefore attention grabbing or because of
one’s deliberate efforts to hold onto it.
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