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Memory for emotional events is usually very good even when tested shortly after study,
before it is altered by the influence of emotional arousal on consolidation. Immediate emo-
tion-enhanced memory may stem from the influence of emotion on cognitive processes at
encoding and retrieval. Our goal was to test which cognitive factors are necessary and suf-
ficient to account for EEM, with a specific focus on clarifying the contribution of attention
to this effect. In two experiments, participants encoded negative-arousing and neutral pic-
tures. In Experiment 1, under divided-attention conditions, negative pictures were better
attended and recalled even when they were matched with neutral pictures on semantic
relatedness and distinctiveness, and attention at encoding predicted subsequent emo-
tion-enhanced memory. The memory advantage for emotional stimuli was only abolished
when attention to emotional and neutral stimuli was also matched, under full-attention in
Experiment 1 and under divided-attention in Experiment 2. Emotional memory enhance-
ment was larger in Experiment 1 when the control of organization and distinctiveness
was relaxed. These findings suggest that attention, organization and distinctiveness pro-
vide a necessary and sufficient account for immediate emotion-enhanced free recall
memory.

� 2011 Elsevier Inc. All rights reserved.
Introduction

Memory for moderately arousing emotional stimuli,
such as images of violence, is better than memory for neutral
stimuli. There is good evidence for emotion-enhanced
memory (EEM) in both humans and non-human animals
(Cahill & McGaugh, 1998; Labar & Cabeza, 2006). Evidence
from animals shows that the sympathetic emotional arousal
response enhances long-term memory by activating the
amygdala, which modulates the long-term consolidation
of memory traces in the hippocampus, so that after a pro-
longed delay, memory for emotional events is enhanced
(McGaugh, 2004). Although this model can explain a host
of data from human participants (Labar & Cabeza, 2006),
researchers often overlook the fact that because the modu-
lation mechanism only influences long-term memory
. All rights reserved.
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consolidation, it does not account for the enhanced memory
in immediate long-term memory tests (Cahill & McGaugh,
1998), namely tests that occur shortly after study but fol-
lowing a brief distractor activity, which clears working
memory. In the general discussion section we review evi-
dence from animal studies that shows conclusively that
the mechanism used by the modulation model to account
for delayed EEM does not account for immediate EEM
(Bianchin, Mello e Souza, Medina, & Izquierdo, 1999; Ellis
& Kesner, 1983; Frey, Bergado-Rosado, Seidenbecher, Pape,
& Frey, 2001; Seidenbecher, Reymann, & Balschun, 1997).
A complementary mechanism is therefore required to
account for immediate EEM, which humans exhibit readily.

The goal of the current study was to establish a cogni-
tive account of immediate EEM. The cognitive account
attributes this effect to altered encoding and retrieval of
emotionally arousing events, instead of to their modulated
consolidation. The notion that cognitive factors contribute
to immediate EEM is not new (Cahill & McGaugh, 1998;
Kensinger & Corkin, 2004), yet it is unknown which factors
ting for immediate emotional memory enhancement. Journal of
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are necessary and sufficient to account for this effect. Con-
sequently, the cognitive account has had a relatively mod-
est influence on neuroscience research. For example, a
recent meta-analysis (Murty, Ritchey, Adcock, & Labar,
2010) highlighted the fact that although many brain re-
gions are consistently associated with EEM, their contribu-
tion to EEM is under-investigated. This is likely due to the
prominence of the modulation model, as researchers typi-
cally focus on brain regions relevant to that model and
interpret their findings within its framework even when
memory is tested shortly after study (Kensinger & Corkin,
2004; Sommer, Glascher, Moritz, & Buchel, 2008; Strange,
Hurlemann, & Dolan, 2003). Moreover, researchers inter-
ested in modulated consolidation test memory after a pro-
longed delay, which complicates the isolation of an
independent cognitive contribution (Ritchey, Bessette-
Symons, Hayes, & Cabeza, 2011). Understanding the critical
psychological determinants of immediate EEM can inspire
and inform future research of its underlying brain
mechanisms.

Our objective here was to show that the influence of
three factors – organization, distinctiveness, and attention
– on encoding and retrieval provides a necessary and suffi-
cient account of immediate EEM in free recall. The two
experiments reported here support this claim by showing
that EEM can only be abolished when these three factors
are controlled. Our approach relies on the assumption that
to fully understand an empirical phenomenon, such as
immediate EEM, we need to know the conditions for its
manifestation, and that such understanding is evident in
the ability to systematically influence the phenomenon
by manipulating its triggering conditions.

The contribution of organization, distinctiveness, and
attention to EEM will be reviewed next.

Organization

Organization is operationalized here simply as the
semantic cohesiveness or inter-relatedness of a stimulus
set. Organization improves memory (Hunt & McDaniel,
1993; Mandler, 1967) because it encourages inter-item
elaboration at encoding (Einstein & Hunt, 1980) and serves
as a cue at retrieval (Tulving & Pearlstone, 1966). Emo-
tional events are often related to each other. They may be-
long to the same script, such as the sound of emergency
sirens and the image of a smashed car; or be related the-
matically, as when thinking about poverty conjures up
images of hungry children. This feature of emotional
events is captured in the laboratory because experimental
stimulus sets often include inter-related emotional stimuli,
such as the words ‘torture’ and ‘suicide’, alongside unre-
lated neutral stimuli (Maratos, Allan, & Rugg, 2000; Talmi
& Moscovitch, 2004).

When emotional, non-taboo words were compared to
equally-related neutral words, participants recalled the
neutral words as well as the emotional words (Talmi &
Moscovitch, 2004), but follow-up work showed that orga-
nization only partly accounts for EEM. When more arous-
ing stimuli were used, such as taboo words or pictures
(De Houwer & Hermans, 1994; Kensinger & Schacter,
2006), controlling organization attenuated EEM in free
Please cite this article in press as: Talmi, D., & McGarry, L. M. Accoun
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recall but did not abolished it completely (Buchanan, Etzel,
Adolphs, & Tranel, 2006; Talmi, Luk, McGarry, & Moscov-
itch, 2007; Talmi, Schimmack, Paterson, & Moscovitch,
2007). The semantic relatedness of emotional words also
influences bias in recognition memory tests, where partic-
ipants exhibit increased propensity to endorse emotional
lures as ‘old’; but its influence on recognition accuracy is
less well established (Maratos et al., 2000; Windmann &
Kutas, 2001). The finding that the magnitude of EEM de-
pends on the semantic relatedness of neutral stimuli sug-
gests that organization contributes to EEM. However,
because these studies did not manipulate the semantic
relatedness of emotional stimuli, they do not conclusively
demonstrate that organization contributes to memory for
emotional information.

Distinctiveness

Distinctiveness is not an inherent property of a stimu-
lus, but a feature of the context in which it is embedded.
Schmidt (1991) argued that emotional stimuli are distinct
relative to the content of participants’ long-term memory
because they have unique attributes that they do not share
with most stored stimuli, which are neutral. This form of
distinctiveness, relative to stimuli stored in long-term
memory, is termed secondary distinctiveness (Hunt &
Worthen, 2006; Schmidt, 1991). Emotional stimuli also
stand out relative to the neutral stimuli that typically sur-
round them at the time of encoding, for example, neutral
stimuli in the same study list or the peripheral details of
a crime scene (Schmidt, 1991). Distinctiveness relative to
stimuli stored in working memory is termed primary dis-
tinctiveness (Hunt & Worthen, 2006; Schmidt, 1991). To
clarify, a picture of a nude model within a set of pictures
of clothed models has both primary and secondary distinc-
tiveness, but a picture of a clothed model within a series of
nudes only has primary distinctiveness (Schmidt, 2002).
There is strong evidence that primary distinctiveness im-
proves memory, but that secondary distinctiveness does
not (Hunt & McDaniel, 1993; Schmidt, 1991). For example,
common sentences are remembered as well as sentences
with high secondary distinctiveness, such as bizarre or
humorous sentences, when each sentence type is pre-
sented to a separate group of participants or in separate
blocks to the same participants. However, when all sen-
tences are mixed and presented to the same group of par-
ticipants, the bizarre or humorous sentences are
remembered better than the neutral ones, an effect which
must therefore stem from their primary distinctiveness
(McDaniel, Einstein, Delosh, May, & Brady, 1995; Schmidt,
1994).

Emotional stimuli always have high secondary distinc-
tiveness, but their primary distinctiveness can be manipu-
lated by varying the composition of experimental stimulus
sets. The primary distinctiveness of emotional stimuli is
enhanced relative to the primary distinctiveness of neutral
stimuli when the same experimental list includes a small
number of emotional stimuli intermixed with a larger
number of neutral stimuli. By contrast, both stimulus types
have equivalent primary distinctiveness when they are
presented in ‘blocked’ sets that only contain other stimuli
ting for immediate emotional memory enhancement. Journal of
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of the same type. A number of studies blocked stimulus
type in this manner and found that EEM was abolished
(Dewhurst & Parry, 2000; Hadley & Mackay, 2006; Sommer
et al., 2008; Talmi & Moscovitch, 2004). When organization
was also controlled, the same results were obtained with
more arousing pictures (Talmi, Luk, et al., 2007). The com-
parison between blocked and mixed set results suggests
that primary distinctiveness plays a role in EEM. A contra-
dictory result was obtained in two other studies (Majerus
& D’Argembeau, 2011; Monnier & Syssau, 2008, Experi-
ment 2), which found EEM for positive words even when
stimulus type was blocked. Some methodological differ-
ences may account for this difference results. These two
studies focused on short-term memory, and therefore em-
ployed short lists and a serial recall test. Monnier and Sys-
sau did not control semantic relatedness, and although the
semantic relatedness of all word types was very low in the
Majerus and D’Argembeau experiment, the positive words
were more inter-related than the neutral ones. Notably,
Majerus and D’Argembeau did not obtain EEM for negative
words.

The finding that EEM can be attenuated by blocking
stimulus type at encoding is important because it allows
us to discard two alternative accounts of immediate EEM.
The first is the suggestion that immediate EEM depends
on arousal, just like delayed EEM. Had that been the case
EEM should have also been obtained under blocked-sets
conditions, because physiological measures of emotional
arousal are sustained and even increase after exposure to
a series of unpleasant pictures (Smith, Bradley, & Lang,
2005).

Second, the results of the Talmi, Luk, et al. (2007) study
also contradicted an explicit prediction of the Binding The-
ory of EEM (Hadley & Mackay, 2006; Mackay et al., 2004).
According to this theory the amygdala’s response to emo-
tional arousal allows emotional stimuli to gain privileged
access to ‘binding nodes’. Binding nodes link items to their
episodic context and facilitate their subsequent retrieval.
When items follow each other quickly the binding of emo-
tional stimuli is thought to be prioritized so that neutral
stimuli that immediately follow or precede an emotional
stimulus would be bound less well to the context, and con-
sequently remembered less well. Binding Theory thus ap-
pears to account for the finding that EEM is obtained
under mixed-set but abolished under blocked-set condi-
tions (Hadley & Mackay, 2006). Crucially, however, when
a slow presentation rate is used (above 2000 ms per item)
Binding Theory explicitly predicts that memory for neutral
items would improve in mixed-set relative to blocked-set
conditions (Hadley & Mackay, 2006, p. 84), because a slow
presentation rate gives all items sufficient time to be
bound, and the presence of emotional items would further
strengthen the sequential links between neutral items and
their near neighbors to facilitate retrieval. This prediction
was falsified by Talmi, Luk, et al. (2007), who used a slow
presentation rate and found poorer memory for neutral
stimuli under mixed-set relative to blocked-set conditions.
In her review, Mather (2007) concludes that Binding The-
ory does not currently account for the consistency with
which primary distinctiveness results in EEM across fast
and slow presentation rates.
Please cite this article in press as: Talmi, D., & McGarry, L. M. Accoun
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How primary distinctiveness influences memory is un-
der debate (Hunt & McDaniel, 1993), but experimental evi-
dence suggests that it does so at retrieval (Hunt &
Worthen, 2006), when distinct items, which have more un-
ique attributes, are more likely to be recovered following
memory search (Tomlinson, Huber, Rieth, & Davelaar,
2009). A retrieval effect is in line with the stronger influ-
ence of primary distinctiveness on free recall relative to
recognition memory tests (Schmidt, 1991) and with the
finding that primary distinctiveness enhances memory
even when it is only manipulated at retrieval. For example,
when participants encode two sets of stimuli separately,
one higher and one lower in secondary distinctiveness,
they recall more of the stimuli that are higher in secondary
distinctiveness when they recall both sets together – a sit-
uation in which these stimuli are also higher in primary
distinctiveness – than when they recall them separately
(Talmi, Luk, et al., 2007; McDaniel, Dornburg, & Guynn,
2005). A retrieval effect is also in line with the finding that
manipulating set composition does not alter memory for
emotional stimuli, (Hadley & Mackay, 2006; Talmi, Luk,
et al., 2007), as would be expected if primary distinctive-
ness operated at encoding. To gain insight into the stage
with which the primary distinctiveness of emotional stim-
uli influences EEM Experiment 1 will relate the amount of
attention captured at encoding and subsequently en-
hanced memory under both mixed- and blocked-set com-
position conditions.

Attention

The capacity theory of attention (Kahneman, 1973) as-
sumes that people’s ability to perform mental work is lim-
ited, but that they can normally allocate their limited
capacity freely among concurrent activities (Craik, Govoni,
Naveh-Benjamin, & Anderson, 1996). According to this the-
ory, impaired performance on a secondary task in a divided
attention paradigm is a measure of the attention resources
allocated to the primary task (Craik et al., 1996; Eysenck &
Eysenck, 1979; Kahneman, 1973; Kerr, 1973). When atten-
tion resources are insufficient to meet task demands en-
hanced attention at encoding increases the likelihood
that encoding-promoting cognitive processes would take
place (Mitchell & Hunt, 1989).

Emotional stimuli capture more attention than neutral
stimuli (Vuilleumier, 2005) despite participants’ explicit
goals. This is evident in longer latency and reduced accuracy
in prioritized concurrent tasks when participants encode
emotional stimuli, relative to when they encode neutral
stimuli (Schimmack, 2005; Talmi, Schimmack, et al., 2007).
It is also evident in longer latency to respond to emotional
stimuli in a variety of paradigms where a neutral goal
competes with the processing of emotional stimuli, such
as reading, lexical decision, dot-probe and Stroop tasks
(Algom, Chajut, & Lev, 2004; Anderson, 2005; Hadley &
Mackay, 2006; Mackay et al., 2004; Mogg, Bradley, de Bono,
& Painter, 1997; Schmidt & Saari, 2007; Talmi, Schimmack,
et al., 2007). In those tasks emotional stimuli are preferen-
tially attended despite other task demands.

Arguably, the effect of emotion on attention could
either occur in parallel to its effect on memory, or it
ting for immediate emotional memory enhancement. Journal of
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could mediate the memory effect. The research we will
review below will show that surprisingly, there is no
conclusive evidence to decide between these two
possibilities.

In order to decide between them, we could utilize situ-
ations in which capacity is nearly exhausted, because in
those situations attention to emotional and neutral stimuli
may be almost equivalent. This occurred, for instance, in
two studies that employed an incidental encoding para-
digm and presented emotional and neutral words very
briefly (Hadley & Mackay, 2006; Sharot & Phelps, 2004).
If attention mediates EEM then EEM in these situations
should be abolished, and indeed, both studies did not find
EEM in an immediate memory test. However, because nei-
ther study measured attention, this interpretation is
inconclusive.

Another way of testing which of the two possibilities is
correct is to utilize situations in which it is likely that emo-
tional stimuli would receive more attention than neutral
stimuli. This occurs, for instance, under divided-attention
conditions, and indeed, a number of studies found that
EEM is larger under divided- attention relative to full-
attention conditions (Kensinger & Corkin, 2004; Kern, Lib-
kuman, Otani, & Holmes, 2005). Another study (Majerus &
D’Argembeau, 2011) manipulated the distinctiveness of
emotional stimuli by changing their frequency in short
mixed sets. The authors hypothesized that when emotional
stimuli are infrequent they receive more attention at
encoding and, when no distractors are interpolated be-
tween study and test, they can be maintained at the focus
of attention, leading to facilitated retrieval. They found
that mixed sets with a minority of emotional items were
remembered better in an immediate serial recall test than
those with a majority of emotional items. Their interpreta-
tion was that the enhanced attention to emotional items
improved not only their own retrieval, but also the retrie-
val of neighboring neutral stimuli. The findings reviewed in
this paragraph support the possibility that attention medi-
ates the effect of emotion on memory, but this support is
again inconclusive because attention was not measured
explicitly.

Finally, a number of studies that did measure attention
found that enhanced attention to emotional stimuli is
accompanied by enhanced memory for them (Christianson,
Loftus, Hoffman, & Loftus, 1991; Mackay et al., 2004;
Schmidt & Saari, 2007; Talmi, Schimmack, et al., 2007). In
an elegant and well-controlled study, Schmidt and Saari
(2007) found that taboo words captured more attention
than neutral words, measured via the latency to name their
font color. Taboo words were also remembered better than
neutral words in both blocked and mixed lists. The authors
proposed that the attention effect accounted for the mem-
ory effect, but because the authors did not test formally
whether the memory effect depended on the attention ef-
fect, and because EEM was not abolished in any of the con-
ditions, the authors could not ascertain the causal role of
attention. To reiterate, correlations between the effects of
emotion on attention and memory are inconclusive be-
cause although enhanced attention to emotional stimuli
could cause EEM, these two effects of emotional arousal
could also occur in parallel.
Please cite this article in press as: Talmi, D., & McGarry, L. M. Accoun
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So far we have reviewed evidence for the possibility
that attention mediates the effect of emotion on memory.
There is also evidence to the contrary. First, when capacity
was not particularly limited, for example, when stimuli
were presented slowly and/or when encoding was inten-
tional, participants may have paid maximal – and hence,
equivalent – attention to both emotional and to neutral
stimulil; yet EEM was obtained (Kensinger & Corkin,
2004; Kern et al., 2005; Talmi, Schimmack, et al., 2007).
A stronger support is provided by studies that measure
attention. In a previous study we measured attention and
memory and tested the mediation effect formally. We
found that the effect of negatively-valenced emotional
arousal on memory was not mediated by attention,
although attention did mediate the effect of positively-val-
enced emotional arousal on memory (Talmi, Schimmack,
et al., 2007). Likewise, the number of eye fixations on a
negative, emotionally arousing scene – a measurement
which is considered to index visual attention – did not con-
sistently predict memory for the scene (Christianson et al.,
1991; Wessel, van der, & Merckelbach, 2000). In fact,
immediate EEM was obtained even when only one fixation
per stimulus was permitted (Christianson et al., 1991). In
summary, current evidence for the role of attention in
EEM is mixed. Our hypothesis is that the reason it has been
difficult to establish exactly what role attention plays in
EEM is that its contribution interacts with that of other
cognitive factors.

We have reviewed three factors that we hypothesize
play a role in immediate EEM: organization, distinctive-
ness and attention. To decide which of them is necessary
and sufficient to account for the effect, we need to know
the conditions under which EEM is abolished. Our review
shows that under full attention conditions EEM is only
abolished when distinctiveness (Dewhurst & Parry, 2000)
or both distinctiveness and organization (Hadley &
Mackay, 2006, Experiment 1; Talmi & Moscovitch, 2004;
Talmi, Luk, et al., 2007) are controlled, but is obtained
when these are not controlled (Kensinger & Corkin, 2004;
Kern et al., 2005; Talmi, Schimmack, et al., 2007). EEM is
also abolished in situations which severely limit the contri-
bution of any cognitive factor (Hadley & Mackay, 2006;
Sharot & Phelps, 2004). This pattern emphasizes the
importance of considering the three factors together in
order to establish a comprehensive account for EEM.

The first goal of Experiment 1 was to reveal the contri-
bution of attention to EEM by showing that EEM is ob-
tained under divided attention even when distinctiveness
and organization are controlled. Mediator analysis was to
be employed to test formally whether EEM depends on en-
hanced attention to emotional stimuli even under these
controlled conditions. The second goal of Experiment 1
was to demonstrate that all three factors – organization,
distinctiveness and attention – provide a necessary and
sufficient account for EEM. For this purpose Experiment 1
manipulated all three factors, with the aim to show that
EEM only occurs when any one of them is not controlled.

Experiment 1 included a condition that matched the
amount of attention allocated to blocked sets of emotional
and equally-related neutral stimuli by employing a
ting for immediate emotional memory enhancement. Journal of
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full-attention, intentional, slow-paced encoding phase.
However, although we could demonstrate that organiza-
tion and distinctiveness were equated across stimulus type
(emotional and neutral) in this condition, we could not
conclusively demonstrate that attention was also equated
because this condition did not provide a measure of atten-
tion. Experiment 2 was designed to equate stimulus types
on all three factors whilst providing a direct measure of
attention using a divided-attention paradigm.

Together, the two experiments reported here were de-
signed to examine the conditions in which EEM is abol-
ished in order to develop and establish the cognitive
account of immediate EEM.
Experiment 1

The first goal of Experiment 1 was to decide whether
attention plays a role in immediate EEM when emotional
and neutral items are equally distinct and equally inter-
related. Primary distinctiveness was manipulated by
presenting one group of participants with three blocked
picture sets for encoding and immediate recall: one with
negative pictures, one with related-neutral pictures
(matched with the negative pictures on semantic related-
ness) and one with random-neutral pictures (with lower
relatedness than the other two sets). The other group
was presented with three mixed sets, which included both
emotional and neutral pictures (as in Talmi, Schimmack,
et al., 2007). Primary distinctiveness was therefore con-
trolled for the former, but not the latter, group.

The first dependent variable in this experiment was
memory for the pictures. We measured memory using free
recall, a measure thought to be most sensitive to the effects
of emotion on memory (Dolan, 2002), because it is a mea-
sure of memory for gist, which is more strongly influenced
by emotion than memory for detail (Adolphs, Tranel, &
Buchanan, 2005). Which free recall had been previously
used to examine picture memory (Bradley, Greenwald,
Petry, & Lang, 1992) but, by necessity, the conclusion of
our study would be limited to gist memory and cannot
be generalized to memory for details.

Participants encoded the pictures while simultaneously
performing an auditory discrimination task (following Tal-
mi, Schimmack, et al., 2007). Performance on the auditory
task provided a measure of attention, which was the sec-
ond dependent variable in this experiment. This measure
was expected to reveal that participants paid more atten-
tion to the emotional stimuli under both set composition
conditions. Consequently, if attention contributes to EEM,
then EEM should be obtained here under both set compo-
sition conditions (obtaining EEM under mixed-set divided-
attention conditions would replicate Talmi, Schimmack,
et al., 2007). Notably, under mixed-set conditions both dis-
tinctiveness and attention could contribute to EEM. If their
contribution is not perfectly interactive, then EEM should
be larger in the mixed-set than in the blocked-set
condition.

Finally, on their own the memory and attention data
cannot demonstrate conclusively that the enhanced
attention to emotional stimuli mediated the EEM effect;
Please cite this article in press as: Talmi, D., & McGarry, L. M. Accoun
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the effect of emotion on attention and memory could be
independent of each other. Mediator analysis was em-
ployed to answer this question.

The stimuli used in the following experiments, which
have been made available to other researchers (http://
personalpages.manchester.ac.uk/staff/deborah.talmi), were
developed in a series of pilot studies and consisted of
emotionally-arousing, negatively-valenced pictures,
matched with neutral pictures on low-level visual features,
image complexity and people presence. The negative pic-
tures were additionally matched with a subset of the
neutral pictures on semantic relatedness. Only nega-
tively-valenced emotional stimuli were used here for
practical reasons, namely the greater ease in inducing
robust and consistent emotional arousal across a sample
of university students. The conclusions of this study will
thus be limited to negatively-valenced emotions. Valence
is considered an important factor in emotional memory,
its contribution has been reviewed and evaluated else-
where (Kensinger, 2004).

A perfect match between emotional and neutral stimuli
is notoriously difficult, and the challenge grows as more
ecologically valid stimuli are used. The emotional stimuli
used here are, for example, less familiar than the neutral
stimuli. Yet the influence of familiarity on memory is likely
through its ability to alter the inter-relatedness, distinc-
tiveness, and attention allocated to stimuli. By controlling
and manipulating all of these potential down-stream ef-
fects of familiarity the following experiments resolve the
psychological consequences of differential familiarity
without having to control the stimuli for this factor. Final-
ly, although we cannot be certain that the stimuli used
here are perfectly matched on all of the factors that influ-
ence attention and memory, our experiments are less vul-
nerable than others to stimulus confounds because they
are concerned with differences between conditions that uti-
lize the same stimulus sets.

Methods

Participants
Seventy-two undergraduate students from the Univer-

sity of Toronto participated in the study for course credit
(53 females, mean age 19.26, SD = 2.12). None had neuro-
logical or psychiatric history. Three participants had outlier
performance on the concurrent task (more than 3 times
the inter-quartile range) and were replaced. Participants
were randomly allocated to the full-attention blocked
(FA-blocked), divided-attention blocked (DA-blocked),
and divided-attention mixed (DA-mixed) conditions. Data
from the FA-blocked condition were reported previously
(Experiment 4, Talmi, Luk, et al., 2007) and are included
here to provide a baseline for the effect of divided
attention.

Materials
The experimental pictures included 15 negative, 15 re-

lated neutral (domestic scenes) and 15 random neutral pic-
tures which were drawn from the International Affective
Picture System (Lang, Bradley, & Cuthbert, 2005) and from
the internet. Participants viewed three sets of 15 pictures.
ting for immediate emotional memory enhancement. Journal of
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The mixed sets included five items of each type (negative,
related-neutral, random-neutral), and the blocked sets in-
cluded all 15 items of a single type. Care was taken to en-
sure that pictures did not resemble each other too closely,
e.g. there was only one picture of a gun, to avoid confusion
in scoring free recall data. 12 pilot participants rated all
picture pairs for relatedness on a 7-point Likert scale with
‘1’ indicating ‘not at all related’ and 7 indicating ‘extremely
related’. The relatedness score for each picture was com-
puted as the average rated relatedness of that picture with
other pictures of the same type in the list to which it was
allocated, and overall relatedness scores for the emotional
and the neutral sets were computed across picture for each
participant. The emotional and related-neutral pictures
were equally inter-related, and more inter-related than
the random-neutral pictures. The number of pictures that
depicted people was similar in each of the picture types.
12 pilot participants rated pictures on the dimensions of
image complexity and brightness using Likert scales and
on the dimensions of emotional valence and arousal using
the Self Assessment Manikin (Bradley & Lang, 1994). Emo-
tional pictures were more negatively-valenced and more
arousing than the neutral pictures, but picture types did
not differ on complexity or brightness. The average scores
for the blocked sets are reported in Table 1. For reliability
and other statistical tests confirming these findings see a
previous report which used the same pictures (Talmi,
Luk, et al., 2007, Experiment 4).

The three practice lists were similar to the experimental
lists and included novel negative, related neutral (domestic
scenes) and random neutral pictures. Buffer pictures in-
cluded eight pictures of each type. Buffers for mixed-DA
were sampled without replacement from this pool but buf-
fers for the blocked condition were only sampled from the
appropriate type. The four training pictures were random
neutral. No ratings for these pictures were obtained. The
stimuli for the auditory discrimination task were 250,
750, and 2250 Hz pure tones, respectively, with 1 s dura-
tion. Materials for the arithmetic task were problems of
addition and/or subtraction of two single digits (e.g.
‘‘4 + 5=’’).
Table 1
Characteristics of stimuli used in Experiment 1.

Emotional Related-
neutral

Random-
neutral

Arousal 5.74 (0.80) 2.66 (0.39) 2.91 (0.41)
Valence 2.80 (0.63) 5.05 (0.35) 5.11 (0.23)
Visual complexity 5.29 (0.84) 5.11 (0.74) 5.20 (1.10)
Brightness 4.87 (0.72) 5.40 (0.94) 4.90 (0.65)
Relatedness 1.77 (0.29) 1.69 (0.16) 1.15 (0.09)
People presence 0.73 (0.46) 0.53 (0.52) 0.67 (0.49)

Note. Pilot participants in Talmi, Luk, et al. (2007) rated pictures for
arousal and valence using the SAM scale where ‘‘1’’ represents ‘‘least
arousing’’/’’most negative’’, and 9 represents ‘‘most arousing’’/‘‘most
positive’’. They rated pictures for visual complexity, brightness and
relatedness on a 1–7 Likert scale with ‘‘1’’ representing a low value and 7
representing a high value. Pictures got a score of ‘‘1’’ if they depicted
people and ‘‘0’’ if they did not, and the proportion was calculated. See text
for more details. Values in the table represent the mean of pictures in the
pure sets, with standard deviation in parenthesis.
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Procedure
Participants took part in four tasks: an auditory task, a

picture-encoding task according to the attention condition
they were assigned to, an arithmetic task, and a picture re-
call task. Participants were trained using shorter versions
of all tasks. Following each training task participants re-
ceived feedback on their performance. The training on
the auditory task was repeated until participants reached
an 80% accuracy criterion.

The auditory task required participants to listen to a ran-
dom sequence of tones presented through headphones,
and to press one key with the index finger of their domi-
nant hand when they heard the 750 Hz tone, and another
key with the middle finger of their dominant hand when
they heard the other two tones. Tones were presented for
1 s followed by 1 s of silence. Participants were asked to re-
spond as quickly as they could but before the next tone
sounded.

The FA picture encoding task required that participants
passively view a set of 15 pictures presented centrally on
the monitor. Each picture was presented for 2 s followed
by a blank screen for 4 s to minimize carry-over effects.
Picture order was randomized for each participant. Two
buffer items were inserted before and after the experimen-
tal picture sets to control for primacy and recency effects.
Buffer items were randomly allocated to each list, but in
the pure list condition buffers always were of the same
type as the experimental pictures (e.g. negative pictures
served as buffers in the negative picture list; see materials
section).

The DA picture encoding task required participants to
perform the picture encoding task while simultaneously
performing the auditory task. A tone was presented at pic-
ture onset (Stimulus Onset Asynchrony (SOA) = 0), another
one at picture offset (SOA = 2), and a third during the inter-
stimulus interval (SOA = 4). Participants were requested to
devote 99% of their attention to the auditory task and use
the remaining 1% of their attention to view the pictures.
These numbers were used to communicate to participants
the relative importance of the two tasks and create an ordi-
nal relationship between the full and the divided attention
conditions; we did not expect participants to be able to di-
vide their attention exactly according to these percentages.
The instructions stated: ‘‘Please allocate 99% of your atten-
tion to the tone task. This is critical for the success of the
experiment, so please do your best to manage your atten-
tion in this way. This means that you would listen and re-
spond to the tones as quickly and accurately as you can.
Use the remaining 1% of your attention to commit the pic-
tures to memory.’’

The arithmetic task was performed during a 1-min
retention interval which followed the picture encoding
task. This task was designed to displace encoded pictures
from working memory, by engaging visual processing,
decision making, and silent verbalization processes, and
had been successfully used for this purpose (Talmi, Grady,
Goshen-Gottstein, & Moscovitch, 2005). The task required
participants to compute the value of the left and the right
arithmetic problem and select the problem with the higher
value by pressing the corresponding arrow key. When they
made their selection the next two problems appeared until
ting for immediate emotional memory enhancement. Journal of
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Fig. 1. Mean free recall (in percent) in Experiment 1 as a function of
picture type and study condition. Error bars represent standard errors.
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1 min had elapsed. This task always followed the picture
encoding task.

The free recall task immediately followed the arithmetic
task and required participants to write down a brief
description of the pictures they saw in the preceding pic-
ture encoding task in any order. Participants were given
3 min for this. At the end of the free recall period, the next
set of pictures was presented. The sequence of picture
encoding, arithmetic, and free recall tasks repeated once
during initial practice, with a short picture set. It was then
repeated three times with the full-length practice picture
sets. The auditory task was then performed alone, using
171 tones. Finally, the sequence was repeated again with
the three experimental lists.

Because participants in the DA condition performed the
auditory-discrimination task alone before they performed
it under divided attention (DA), any decline in performance
in the latter condition would demonstrate a cost due to
division of attention that was greater than the benefits
due to the extra practice.

A cycle of these three tasks – picture encoding, arithme-
tic and the picture recall – repeated three times, once with
each of the three practice picture sets (negative, related-
neutral, random-neutral, or three mixed lists). The audi-
tory task was then performed alone. The cycle of encoding,
arithmetic and recall then repeated three more times, once
with each of the three experimental picture sets (negative,
related-neutral, random-neutral, or three mixed lists).
Thus, in the pure list condition participants encoded only
a single list of practice pictures and a single list of experi-
mental pictures of each type.

At the end of the experiment participants were asked to
write down what themes they noticed amongst the studied
pictures. The results reported below use a significance
threshold of p < .05 and report the 95% confidence interval
for all theoretically-important comparisons.

Results

Picture memory
We followed the procedure employed by Bradley et al.

(1992) for scoring picture recall. The recall sheets were
scored on the basis of the participant’s description of the
picture and correct recall score meant that the rater be-
lieved she could clearly link the description of a particular
picture to a studied picture. Free recall data were scored by
two raters, the experimenter and a second rater blind to
the purpose of the study. Disagreements were minimal,
with a correlation of r = .99, p < .001 between the two rat-
ers, and were resolved through discussion. Descriptions
that could not be assigned to any of the studied pictures
were classified as intrusions. These represented an average
of 1.09% of the total recall in FA, 2.24% in DA-blocked and
9.21% in DA-mixed.

Fig. 1 shows that EEM was obtained under DA, where it
was larger in mixed-DA than blocked-DA, but not under
FA, where memory for related-neutral pictures equaled
memory for negative pictures. Neither attention, nor set
composition conditions influenced memory for negative
pictures, but memory for neutral pictures was impaired
under DA, and more so under mixed-DA than blocked-DA.
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Recall was analyzed as a function of picture type (neg-
ative, related-neutral, random-neutral) with repeated-
measures ANOVA, using study condition (FA-blocked, DA-
blocked, DA-mixed) as a between-subject factor. The main
effects of picture type, F(2138) = 59.73, p < .001, partial
g2 = .46, and study condition, F(2,69) = 2.89, p < .001, par-
tial g2 = .37, were significant. Their interaction was also
significant, F(4138) = 9.57, p < .001, partial g2 = .22, due to
the fact that study condition had a more pronounced influ-
ence on neutral than on emotional memory.

We followed up on this significant interaction by ana-
lyzing the equally-related emotional and related-neutral
pictures under the two DA conditions. There was a signifi-
cant effect of picture type, F(1,46) = 61.60, p < .05, partial
g2 = .57, and a significant interaction between picture type
and set composition, F(1,46) = 5.54, p < .05, partial g2 = .11.

Bonferonni-corrected t-tests were carried out to clarify
which conditions obtained a significant EEM. Under FA
negative pictures, M = 61.66, SD = 13.80, were recalled bet-
ter than random-neutral pictures, M = 46.67, SD = 19.26,
t(23) = 4.22, p < .001, Cohen’s d = .90, CI95 = 7.65, 22.34,
but slightly worse than related-neutral pictures,
M = 66.94, SD = 16.74, t(23) = 1.68, p > .10, Cohen’s d = .34,
CI95 = �11.76, 1.21, suggesting that EEM was only obtained
when organization was not controlled. Examining the
mean free recall across conditions demonstrates that this
null effect was not due to ceiling effect in recall. Under
DA negative pictures (DA-blocked: M = 56.11, SD = 10.39;
DA-mixed: M = 55.83, SD = 12.56) were recalled better
than both sets of neutral pictures. Importantly, they were
recalled better than related-neutral ones in both DA-
blocked, M = 42.5, SD = 17.89, t(23) = 4.07, p < .001, Cohen’s
d = 0.93, CI95 = 6.69, 20.53, and DA-mixed, M = 30.55,
SD = 13.61, t(23) = 6.91, p < .001, Cohen’s d = 1.93,
CI95 = 17.71, 32.84.

Auditory task
Fig. 2 shows that viewing negative pictures impaired

performance on the auditory task, a decline which was re-
flected in both latency and accuracy measures. Despite the
impairment in performance when participants viewed
negative pictures, there were no significant interactions
with set composition.

Participants in the DA condition performed the auditory
task better when it was presented alone than concurrently
with picture encoding: accuracy dropped from 96%
ting for immediate emotional memory enhancement. Journal of
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Fig. 2. Auditory task performance in Experiment 1. Accuracy (left) and latency (right) in the auditory task as a function of picture type (negative, related
neutral) and set composition (blocked, mixed), averaged over SOAs. Error bars represent standard errors.

Table 2
Correlations between arousal, latency and accuracy cost, and free recall in
Experiment 1.

Recall Latency cost Accuracy cost

DA-mixed
Arousal .70*** .64*** .53**

Recall .45* .51**

DA-blocked
Arousal .47** .80*** .35�

Recall .60*** n.s

*** p < .001.
** p < .01.
* p < .05.
� p > .05 and p < .10.
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(SD = 2.92%) under FA to 90% (SD = 8.77%) under DA,
F(1,47) = 28.65, p < .001, partial g2 = .38, and latency in-
creased from 497 ms (SD = 139 ms) under FA to 712 ms
(SD = 192 ms) under DA, F(1,47) = 155.26, p < .001, partial
g2 = .77.

Latency and accuracy scores were analyzed separately
with a 2 (set composition: DA-blocked, DA-mixed) by 3
(picture type: negative, related-neutral, random-neutral)
by 3 (SOA: 0, 2, 4) repeated-measures ANOVAs with set
composition (blocked, mixed) as a between-subject factor.
The latency data exhibited significant main effects of pic-
ture type, F(2,92) = 15.90, p < .001, partial g2 = .26, and
SOA, F(2,92) = 10.68, p < .001, partial g2 = .19. There accu-
racy data also exhibited significant main effects of picture
type, F(2,92) = 6.51, p < .005, partial g2 = .12, and SOA,
F(2,92) = 52.27, p < .001, partial g2 = .53.

Because the related-neutral pictures provide a better
comparison for the emotional ones, the analyses were re-
peated without the random-neutral pictures. As predicted,
latency was longer when participants viewed negative
pictures, M = 777 ms, SD = 31 ms, than related-neutral
pictures, M = 704 ms, SD = 27.88 ms, F(1,46) = 20.33,
p < .001, partial g2 = 31, CI95 = 40 ms, 104 ms. Latency was
also influenced by SOA, F(2,92) = 10.45, p < .001, partial
g2 = .18; there was a non-significant trend for an interac-
tion between picture type and SOA, F(2,94) = 2.88, p = .06,
partial g2 = .06.

Also as predicted, accuracy was impaired when partici-
pants viewed negative pictures, M = 88.19%, SD = 1.48%, rel-
ative to related neutral pictures, M = 91.20%, SD = 1.23%,
F(1,46) = 13.36, p = .001, partial g2 = .22, CI95 = �4.66%,
1.35%. Accuracy was also influenced by SOA,
F(2,92) = 34.77, p < .001, partial g2 = .43; the effects of pic-
ture type and SOA did not interact, p > .10. Crucially, there
were no significant effects of set composition on either la-
tency or accuracy, p > .10.

Mediator analysis
The above results demonstrate that in line with predic-

tions, picture type influenced both attention and memory.
These results, on the own, cannot tell us whether these
two effects of emotion were related to each other or oc-
curred in parallel.

Mediatory analysis was employed to answer this ques-
tion. The following analyses was carried out across pictures
instead of across subjects, following Talmi, Schimmack,
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et al. (2007). To avoid having to consider the effect of relat-
edness on the mediation effect random-neutral pictures
were excluded from this analysis.

The average latency and accuracy on the auditory dis-
crimination task when it was performed alone was com-
puted across participants. In the DA conditions the three
latency and three accuracy measurements obtained for
each participant in each SOA were averaged across partic-
ipants and SOA, but separately for the DA-mixed and DA-
blocked conditions. The result was one accuracy and one
latency score per picture in each of the two DA conditions.
Attention-cost scores were then computed per picture,
seperately for each DA condition. Accuracy cost scores were
computed by subtracting the accuracy with which the
auditory task was performed under DA from the accuracy
with which it was performed alone. Latency cost scores
were computed by subtracting the latency with which
the auditory task was performed alone from the latency
with which it was performed under DA. This procedure
meant that higher attention cost scores reflected a larger
cost from concurrent picture encoding. Notably, subtract-
ing the baseline (auditory task alone) separately in the
DA-blocked and DA-mixed condition ensured that the
comparisons across these conditions would not be contam-
inated by potential group differences. We computed an
arousal score per picture by averaging across the emo-
tional arousal ratings provided by pilot participants.

As expected, in both set-composition conditions arousal
significantly correlated with recall and with attention, and
attention and recall were correlated with each other (see
Table 2). To check for unique contributions of arousal and
ting for immediate emotional memory enhancement. Journal of
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attention to memory a multiple regression analysis was
carried out with recall as the dependent measure and the
predictors set composition (dummy coded), arousal, la-
tency cost, accuracy cost, and the interaction between set
composition and each of the other factors. The model was
significant overall, F(7,52) = 6.66, p < .001, and explained
47% of the variance. This analysis revealed main effects of
arousal (b = .7, t = 3.59, p = .001) as well as a significant
interaction between latency cost and set composition
(b = .1.36, t = 2.17, p < .05) and between arousal and set
composition (b = �1.03, t = �2.30, p < .05). Because these
interactions suggested that the contributions of arousal
and attention to memory depend on set composition,
separate multiple regression analyses were conducted for
the DA-mixed and DA-blocked conditions using arousal, la-
tency cost, and accuracy cost as predictors. Fig. 3 depicts
the results of these analyses.

In the analysis of the DA-blocked condition only latency
cost (b = .69, p < .05) predicted recall. Neither arousal, nor
accuracy cost, had a significant contribution (arousal
b = �.01, p > .10, accuracy cost b = �.19, p > .10). Given
the correlation pattern in Table 2, the non-significant effect
of attention on recall in this condition when arousal was
also included in the regression analysis clearly suggest that
attention fully mediates the effect of arousal on memory
(Baron & Kenny, 1986).

By contrast, analysis of the DA-mixed condition re-
vealed that only arousal significantly predicted recall,
(b = .62, p < .01), but latency and accuracy costs did not
have a significant contribution (latency cost b = �.06,
p > .10; accuracy cost b = .21, p > .10), replicating Talmi,
Schimmack, et al., 2007). Taken together, these results
suggest that attention only mediated the effect of arousal
on recall under DA-blocked, but not under DA-mixed.

This interpretation can only be drawn tentatively be-
cause a comparison of methods to assess mediation effects
(MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002)
Fig. 3. Mediator analysis for results from Experiment 1 shows that the
predictors of immediate memory differ as a function of set composition.
Attention predicted memory when picture type was blocked (top panel),
but arousal predicted memory when pictures were studied in mixed sets
(bottom panel), a condition in which emotional pictures had higher
primary distinctiveness than neutral ones.
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revealed that multiple regression suffers from limited
power to detect mediation effects and that the Sobel test
(Baron & Kenny, 1986) is a more direct and more powerful
method of measuring the significance of indirect effects.
The bootstrapped ratio (Preacher & Hayes, 2004), is compa-
rable to the Sobel test but is specialized for use with rela-
tively small sample sizes. The bootstrapped ratio is a
nonparametric test of the hypothesis that the indirect
effect is significant and is preferable because it does not
assume normal and symmetrical distribution of indirect
effects, an assumption which is often violated in small
sample sizes (Preacher & Hayes, 2004). The bootstapped
ratio makes no assumption about the shape of the distribu-
tion of this effect and instead uses the sampling distribu-
tion to derive a confidence interval. Here we used 1000
bootstraps and a 95% confidence interval. The boot-
strapped ratio was significant for the DA-blocked condition
equate stimulus types on all three factors whilst providing,
p < .05, but not the DA-mixed condition, p > .10. This result
confirms the interpretation of the multiple regression
analysis reported above.

Finally, to illuminate the causes of EEM the same multi-
ple regression analyses were conducted for negative and
related-neutral pictures separately. The multiple regres-
sion models were significant for negative [DA-mixed:
F(3,11) = 4.88, p < .05; DA-blocked: F(3,11) = 11.45,
p = .001], but not related-neutral pictures. For negative pic-
tures, arousal predicted memory under DA-mixed (b = .91,
t = 3.21, p < .01) but not DA-blocked (b = .05, t < 1). By con-
trast, latency cost predicted memory under DA-blocked
(b = .85, t = 3.09, p = .01) but not DA-mixed (b = �.29,
t < 1). These results show that the interesting difference
between the memory predictors in each set-composition
condition stemmed from differences between the predic-
tors of memory for negative pictures.

Report of themes
Participants received two scores, one for reporting the

negative theme and one for reporting the related-neutral
theme. Scores were binary and liberal, so that participants
received a ‘1’ for mentioning themes such as ‘violence’ or
‘doing things around the house’. All participants except
one (under DA=mixed) reported the negative theme but re-
port of related-neutral theme was less frequent: 30% under
DA-mixed, 71% under DA-blocked, and 63% under FA-
blocked. Memory results, however, were the same for
participants who were or were not aware of the related-
neutral theme. An ANOVA with study condition and
neutral theme report as between-subject factors and pic-
ture type as within-subject factors revealed no significant
main effect or interactions with theme report.

Discussion

When organization and distinctiveness were controlled
EEM depended on the attention capacity available to par-
ticipants. Under DA-blocked emotional stimuli captured
more attention than neutral stimuli, as predicted, and
EEM was obtained. When capacity was less restricted
(FA-blocked), however, there was no significant EEM.
These null results under FA-blocked are robust, as similar
ting for immediate emotional memory enhancement. Journal of
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results were obtained in three experiments by Talmi, Luk,
et al. (2007). On their own, these data suggest but do not
conclusively demonstrate that enhanced attention to indi-
vidual emotional stimuli caused EEM. Crucially, data from
the mediator analysis clarified that attention fully medi-
ated the effect of emotion on memory, but only when orga-
nization and distinctiveness were controlled.

There were similarities in the results from the two di-
vided attention conditions, DA-mixed and DA-blocked. Un-
der both conditions emotional stimuli captured greater
attention resources than neutral stimuli. This effect was
statistically equivalent under the two conditions. Although
the latter is a null result, it suggests that the influence of
emotion on attention is not due to the higher primary dis-
tinctiveness of emotional stimuli. What, then, underlies
the ability of these stimuli to capture attention? The emo-
tional stimuli were more arousing, more negative, and
higher in secondary distinctiveness than the neutral ones,
and any of these factors could account for their ability to
capture attention. Previous work, however, suggests that
arousal is the key factor (Schimmack, 2005). Taken to-
gether, the finding that emotional items were attended
equally under the two DA conditions but EEM was greater
under DA-mixed than DA-blocked suggests that the higher
primary distinctiveness of emotional pictures under DA-
mixed contributes to EEM over and above the effect of en-
hanced attention to these stimuli.

Results from the mediator analysis illuminate the inter-
play between the influences of distinctiveness and atten-
tion on EEM. Our interpretation relies on the assumption
that the arousal ratings measure not only emotional arou-
sal, but also distinctiveness. There are therefore two poten-
tial reasons for the finding that arousal ratings predicted
memory under DA-mixed. We contend that distinctiveness
must have played a role in this effect because a pure arou-
sal effect should have persisted across set composition
conditions, yet arousal ratings did not predict memory
even partially under DA-blocked. One possibility is that
the arousal associated with the emotional stimuli draws
extra attention to them, and this extra attention enables
participants to elaborate on their feelings, making the
emotional pictures more distinct at retrieval, and leading
to enhanced memory under DA-blocked. Such elaboration
may help memory less under DA-mixed because at retrie-
val all emotional items are more distinct than the neutral
ones. Note that accounts that rely on preferential mainte-
nance of emotional stimuli in the focus of attention (Maje-
rus & D’Argembeau, 2011) do not apply to our study
because two buffer items and a distractor task were inter-
polated between encoding and retrieval.

A surprising finding in Experiment 1 was that partici-
pants reported the theme of the neutral pictures less fre-
quently than that of emotional pictures. Theme report
appeared to be influenced more by the number of pictures
of each type in the list and their temporal contiguity (Hunt
& Seta, 1984), rather than by attention resources, because
theme report was similarly high in the full and divided-
attention blocked-set conditions, but lower in the DA-
mixed condition where there were only a few pictures of
each type. One possibility is that although participants uti-
lized the semantic links between items, evident in the
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superior memory for related-than random-neutral items,
they may have not classified stimuli to themes during
the experiment itself but did so only when they were
explicitly asked to report the theme at the end. This inter-
pretation is supported by the low correlation between
theme report and memory. Another possibility is that the
emotional theme may have been more accessible because
information about disturbing images was provided in the
information sheet and consent form. To improve the match
between emotional and neutral stimuli, Experiment 2 rep-
licated the divided-attention conditions, where the report
of emotional and neutral themes was least well-matched,
but participants were informed of upcoming themes before
encoding began.

Experiment 1 also provided further evidence that orga-
nization contributed to EEM. This was evident in larger
EEM when organization was not controlled, in the compar-
ison of negative and related-neutral vs. random-neutral
pictures. To summarize, Experiment 1 succeeded in its
two goals. It showed that attention contributes to EEM
and demonstrated that organization, distinctiveness, and
attention are all necessary to account for EEM. The finding
that memory for negative and related-neutral pictures was
equivalent under FA-blocked, a condition where all three
factors were best matched across stimulus types, suggests
that these three factors also provide a sufficient to account
of EEM. However, the FA-blocked condition did not provide
a direct measure of attention. The main goal of Experiment
2 was therefore to support the hypothesis that the three
factors provide a necessary and sufficient account for
EEM by matching emotional and neutral stimuli on all
three factors, but this time, measure attention directly.

Showing that EEM can be abolished under divided
attention is important because these conditions do not
only reduce the amount of attention to stimuli but may
also change encoding qualitatively, for example by modu-
lating the influence of organization and distinctiveness on
memory (Craik & Kester, 1999; Mitchell & Hunt, 1989).
Encoding emotional and neutral stimuli may therefore be
processed especially disparately under divided attention,
leading to EEM.
Experiment 2

Equating the level of attention to emotional and neutral
pictures is challenging because emotional items capture
participants’ attention involuntarily, even when this emo-
tional engagement hurts their experimentally assigned
goals (Vuilleumier, 2005). This is evident in results from
Experiment 1 because participants’ attention was directed
towards picture encoding even though their assigned task
was to maximize performance on the auditory task.

Equating attention to emotional and neutral stimuli
may be achieved by providing participants with a lot of
encoding resources or depleting encoding resources to a
minimum. Unfortunately, neither approach provides a
behavioral measure of attention, and without such a mea-
sure, it is impossible to verify the success in equating
attention to the two stimulus types. Experiment 2 ad-
dresses this challenge using a procedure developed by
ting for immediate emotional memory enhancement. Journal of
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Talmi, Schimmack, et al. (2007). This procedure equates
the amount of attention allocated to emotional and neutral
items while also providing a measure of attention.

In Experiment 2 participants encoded blocked sets of
negative and related-neutral pictures under divided atten-
tion. The amount of attention participants allocated to
stimuli was measured as in Experiment 1, by using perfor-
mance on a concurrent auditory task. We varied the
amount of attention participants allocated to pictures by
instructing them to allocate either 1% or 50% of their atten-
tion to the pictures. Participants encoded one emotional
set and one neutral set under instructions to place 1% of
their attention on the pictures (99/1 condition). They also
encoded one emotional and one neutral set under instruc-
tions to place 50% of their attention on the pictures (50/50
condition). In both conditions they were asked to allocate
the remainder of their attention to the auditory task. The
experiment thus conforms to a 2 (instructions: 50/50, 99/
1) by 2 (picture type: emotional, neutral) design. Partici-
pants were not expected to be able to utilize these exact
percentages (1%, 50%, 99%), but, on the basis of previous
studies (Craik et al., 1996) were expected to be able to di-
vide their attention in an ordinal manner, and attend the
pictures more in the 50/50 condition than in the 99/1
condition.

The selection of 50/50 and 99/1 percentages was based
on previous results (Talmi, Schimmack, et al., 2007) where
the analysis of concurrent task performance revealed that
participants’ attention to negative pictures encoded under
the 99/1 condition, and their attention to neutral pictures
encoded under the 50/50 condition was equivalent. The
comparison between these conditions is referred to as
the ‘critical comparison’ in Experiment 2. Note that the
predicted significant main effects of instructions and pic-
ture type in the analysis of the concurrent task could be
used to argue that a null effect in the critical comparison
is not due to insufficient power.

The two critical conditions were matched for organiza-
tion and distinctiveness because they included blocked
sets of equally-related stimuli. If the critical comparison
would reveal that they were also matched for attention, a
memory advantage for the negative pictures would sug-
gest that something else, beyond organization, distinctive-
ness, and attention, underlies immediate EEM. A null
result, however, would support the cognitive account of
immediate EEM and would show that organization, dis-
tinctiveness and attention provide a sufficient account for
this effect. Again, the predicted main effects in the analysis
of memory were of less interest, but could be used to argue
against a power-dependent interpretation of the results of
this critical comparison.

As we mentioned above, we have already used this pro-
cedure in a study that employed mixed sets of negative and
neutral pictures (Talmi, Schimmack, et al., 2007). That
study obtained EEM in the critical comparison, despite pic-
ture sets being matched on attention and organization.
EEM in that study could, however, have been due to differ-
ential primary distinctiveness because that study only
used mixed sets. In Experiment 2 we eliminated this con-
found by using blocked sets of negative and neutral
stimuli.
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To summarize, the critical comparison in Experiment 2
was between negative and neutral stimulus sets that were
equally inter-related, had equal primary distinctiveness,
and were predicted to also be equally attended. To our
knowledge, this is the first study that matched emotional
and neutral stimuli simultaneously on all three factors. If
these three factors are necessary and sufficient for imme-
diate EEM, EEM would be found within each one of the
instruction conditions (50/50, 99/1) but not in the critical
comparison. Experiment 2 also provided a replication for
Experiment 1 using a modified stimulus set.

Methods

Participants
Twenty-four second-year students in the University of

Manchester, UK, took part in the study as part of the exper-
iment credit scheme (three males, mean age 19.47,
SD = .99). None had neurological or psychiatric history.
The study was approved by the School of Psychological Sci-
ence ethics committee. Considering the effect size from the
blocked-DA condition in Experiment 1, which most resem-
bled Experiment 2, power calculations (Faul, Erdfelder,
Lang, & Buchner, 2007) revealed that a sample size of 22
participants was would have a power of .95 to detect a dif-
ference between memory for related and negative pictures.

Materials
Because in this experiment attention instructions were

manipulated within-subject, each participant needed to
encode two sets of 15 pictures of each type, doubling the
number of stimuli relative to Experiment 1. A new set of
stimuli was therefore created and validated. Neutral pic-
tures depicting domestic scenes and negative, emotion-
ally-arousing pictures, 42 of each type, were drawn from
the IAPS (Lang et al., 2005) and from the internet, and re-
sized to 280 � 210 pixels. All pictures depicted people. Pic-
tures were rated for relatedness using the procedure
described above by 14 students at the University of Alber-
ta, Canada (11 females) who were given course credits.
Relatedness ratings were reliable (Cronbach’s alpha >.8).
Thirty negative and 30 neutral pictures were selected from
this pool for use in Experiment 2 and divided into two for-
mats, each with 15 pictures of each type. For each partici-
pant, a relatedness score was computed for each picture by
averaging the relatedness ratings the participant gave the
picture when it was paired with all other 14 pictures of
its type in the same format; these scores were then aver-
aged across pictures in each of the two formats. Average
relatedness scores were 3.86 and 3.87 for negative pictures
in formats 1 and 2, respectively, and 3.49 and 3.51 for neu-
tral pictures in formats 1 and 2, respectively. These scores
were analyzed with a 2 (format: 1, 2) by 2 (picture type:
negative, related-neutral) repeated-measures ANOVA.
None of the effects were significant [picture type:
F(1,13) = 1.99, p > .10, partial g2 = .13, CI95 = �.19, .93; For-
mat, F < 1, partial g2 < .02; the interaction: F < 1, partial
g2 < .01]. This experiment did not include random neutral
pictures.

The 60 experimental pictures were rated for emotional-
ity by a group of 44 University of Manchester students
ting for immediate emotional memory enhancement. Journal of
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using a computerized SAM scale (Bradley et al). Valence
and Arousal scores are described in Table 3. These scores
were analyzed with two format by picture type repeated-
measures ANOVAs. The negative pictures were more nega-
tive than the neutral ones, F(1,43) = 262.22, p < .001, par-
tial g2 = .86, CI95 = �3.04, �2.37. The main effect of
format, F(1,43) = 3, p = .06, partial g2 = .08, and its interac-
tion with picture type, F < 1, were not significant. The neg-
ative pictures were also more arousing than the neutral
ones, F(1,43) = 85.10, p < .001, partial g2 = .66, CI95 = 2.17,
3.83, but the effect of format, F < 1 and the interaction be-
tween format and picture type, F(1,43) = 3.39, p = .07, par-
tial g2 = .07, were not significant. The experimenter also
selected 15 unrated neutral pictures of domestic scenes
and 15 negative pictures to be used for practice, and four
pictures of landscapes to be used for training.
Procedure
The procedure resembled the procedure of Experiment

1, DA-blocked condition, with the following exceptions.
One picture format, including an emotional and a neutral
picture set, were studied under 99/1 emphasis, a condition
in which participants were asked to allocate 99% of their
attention to the auditory task and only allocate 1% of their
attention to the pictures. The other picture format was
studied under 50/50 emphasis, a condition in which partic-
ipants were asked to allocate 50% of their attention to the
auditory task and 50% of their attention to the pictures. The
initial training list was studied under 75/25 emphasis, a
condition in which participants were asked to allocate
75% percent of their attention to the auditory task and
25% of their attention to the pictures. The instructions to
participants were identical to those used in the DA picture
Table 3
Valence and arousal ratings for the stimulus set used in Experiment 2.

Valence Arousal

Neutral Negative Neutral Negative

Set 1 5.12 2.47 2.05 5.13
Set 2 5.43 2.67 2.38 4.85
Average 5.27 2.57 2.22 4.99

Set 1 0.55 0.86 1.10 1.62
Set 2 0.95 1.10 1.24 2.01
Average 0.75 0.98 1.17 1.82

Fig. 4. Auditory task performance in Experiment 1. Accuracy (left) and latency (
neutral) and instructions (99/1, 50/50), averaged over SOAs. Error bars represen
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encoding task in Experiment 1, but the stated percentages
matched the emphasis condition. Finally, because in Exper-
iment 1 participants reported the theme of the related-
neutral pictures less frequently than that of the emotional
pictures, they were now informed of the theme of each
upcoming set of pictures.

Results

Auditory task
Two participants had one statistically outlying score

(more than three times the inter-quartile range) on the
auditory task; they are included in the following analysis
but results do not change if they are excluded. Fig. 4 shows
that viewing negative pictures impaired performance on
the auditory task according to both latency and accuracy
measures. Latency and accuracy scores were analyzed sep-
arately with a 2 (picture type: negative, related-neutral) by
2 (instructions: 99/1, 50/50) by 3 (SOA: 0, 2, 4) repeated-
measures ANOVAs. As predicted, latency was longer when
participants viewed negative pictures, M = 872, SD = 23,
than related-neutral pictures, M = 807.43, SD = 21,
F(1,23) = 15.60, p = .001, partial g2 = .40, CI95 = 31, 99. As
predicted, latency was longer when participants devoted
50%, M = 878, SD = 23, instead of 99%, M = 801, SD = 23 of
their attention to the tones, F(1,23) = 15.36, p = .001, par-
tial g2 = .40, CI95 = 36, 118. As predicted, accuracy was im-
paired when participants viewed negative pictures,
M = 93.2%, SD = 1%, relative to related-neutral pictures,
M = 90.8%, SD = 1.4%, F(1,23) = 8.58, p < .01, partial
g2 = .27, CI95 = �4.2%, �.7%. Accuracy was also influenced
by SOA, F(2,46) = 7.68, p < .01, partial g2 = .25.

The two critical conditions, negative pictures under 99/
1 and neutral pictures under 50/50, were compared using
two separate 2 (picture type: negative, related neutral) � 3
(SOA: 0, 2, 4) repeated measure ANOVAs. For latency, nei-
ther the main effect of picture type, F < 1, partial g2 < .01,
CI95 = �44, 69.50, nor its interaction with SOA, F < 1, partial
g2 = .03, were significant. The main effect of SOA was also
not significant, F < 1. For accuracy, neither the main effect
of picture type, F(1,23) = 1.34, p = .26, partial g2 = .06,
CI95 = �0.9%, 3.3%, nor its interaction with SOA, F < 1, par-
tial g2 = .01, were significant. The main effect of SOA was
significant, F(2,46) = 8.24, p < .01, partial g2 = .26. The ab-
sence of any significant differences in concurrent task
right) in the auditory task as a function of picture type (negative, related
t standard errors.
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performance between these two critical conditions con-
forms our previous results (Talmi, Schimmack, et al.,
2007) and demonstrates that participants devoted equal
amounts of attention to emotional pictures encoded under
99/1 conditions and neutral pictures encoded under 50/50
conditions.

Taken together, the fact that the experiment had suffi-
cient power to detect the effect of picture type within
instruction condition, the substantial magnitude of this ef-
fect, and the small magnitude of the non-significant effect
of picture type across instruction conditions (the critical
comparison) suggest that the difference between the
amount of attention allocated to negative and neutral pic-
tures in these two conditions was negligible, and, at the
very least, that attention to both picture types was much
better matched in this critical comparison than within
each instruction condition.
Picture memory
Free recall was initially scored by two experimenters

and disagreement was resolved by discussion. There was
a high correlation between their agreed score and those
of a third rater, who was blind to the purpose of the study,
r = .94, p < .05. Descriptions that could not be assigned to
any of the studied pictures were classified as intrusions,
an average of 24.66% of total recall output. This higher per-
centage relative to the DA-blocked condition in Experi-
ment 1 likely reflects the fact that participants encoded
two sets instead of a single set of stimuli of each type. Gi-
ven this higher number, the percentage of intrusions rela-
tive to total recall was analyzed as a function of picture
type and instructions (99/1, 50/50) with a repeated-mea-
sures ANOVA. There were no significant effects.

Fig. 5 shows that participants recalled more emotional
than neutral pictures under both attention allocation
conditions but there was no advantage for emotional
pictures when both picture types were equally attended.
Picture memory was analyzed as a function of picture type
and instructions (99/1, 50/50) with a repeated-measures
ANOVA. As predicted, negative pictures, M = 6.12,
SD = .301, were recalled more frequently than related-
Fig. 5. Mean free recall (in percent) in Experiment 2 as a function of
picture type and instructions (99/1, 50/50). The bold frame around the
two middle bars represents conditions in which participants attended
neutral and negative pictures equally. Error bars represent standard
errors.
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neutral pictures, M = 5.16, SD = .31, F(1,23) = 5.34, p < .05,
partial g2 = .19, CI95 = .1, 1.82. As predicted, the 50/50 con-
dition, M = 6.13, SD = .27, resulted in better recall than the
99/1 condition, M = 4.98, SD = .34, F(1,23) = 10.98, p < .01,
partial g2 = .32, CI95 = .50, 2.16. The interaction was not sig-
nificant, p > .10. Crucially, there was no significant differ-
ence in memory between the two critical conditions,
emotional pictures under 99/1 and neutral pictures under
50/50, t < 1, Cohen’s d = .18, CI95 = �1.55, 0.80. Note that
recall of neutral pictures in these well-matched conditions
was numerically higher than recall of emotional pictures,
so the failure to obtain EEM in this comparison cannot be
attributed to insufficient power.
Discussion

As predicted, regardless of the instructions participants
received about how to divide their voluntary attention re-
sources, emotional pictures captured more attention than
neutral ones in both the 99/1 and the 50/50 conditions
and EEM was manifested in both. EEM was abolished only
when the amount of attention allocated to emotional and
neutral pictures was equivalent, in the comparison of emo-
tional 99/1 and neutral 50/50 picture sets. This comparison
is the first to control organization, distinctiveness and
attention simultaneously, and the first to show that EEM
can be abolished under DA conditions. The finding that
EEM was absent in the critical comparison is a null finding
with obvious drawbacks for interpretation. However, the
fact that neutral items were recalled slightly better than
emotional items, and the magnitude of the effect of emo-
tion on attention and memory within each instruction con-
dition, speaks against a low power interpretation of these
results. The theoretical implication of this pattern of re-
sults is that attention is necessary to account for immedi-
ate EEM.

Beyond its theoretical significance, this latter result also
has practical implications. DA conditions resemble fre-
quent real-life situations in which people perform two
tasks at the same time. Indeed, emotional stimuli are often
encountered in situations in which attending them con-
flicts with other goals, for instance, when trying to work
despite the sound of a crying child. The current results sug-
gest that although memory for emotional events is often
better than memory for neutral events when people are
engaged in many things at the same time, this may not al-
ways be the case when a series of events that are all emo-
tionally arousing.

Previous work has shown that when emotional stimuli
were attended as much as related-neutral stimuli but were
higher in primary distinctiveness, they were recalled more
frequently than neutral stimuli (Talmi, Schimmack, et al.,
2007, Experiment 2). The present Experiment 2 employed
the same paradigm as in that previous study but controlled
primary distinctiveness, and managed to abolish EEM.
Although comparisons across experiments should be inter-
preted with caution, this suggests that the EEM in our pre-
vious study likely stemmed from the higher primary
distinctiveness of emotional stimuli, rather than from a di-
rect effect of arousal.
ting for immediate emotional memory enhancement. Journal of
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General discussion

What accounts for good immediate memory for emo-
tional items? In real life, events that provoke an emotional
response are typically related to each other, stand out rel-
ative to a background of less emotional items, and attract
attention. The experiments reported here demonstrated
that these three cognitive factors – organization, distinc-
tiveness, and attention – contribute to EEM when memory
is tested soon after study. When any of these is greater for
emotional relative to neutral stimuli, EEM appears.

The present study confirms previous work, which had
already demonstrated that organization and distinctive-
ness are necessary to account for EEM (Dewhurst & Parry,
2000; Hadley & Mackay, 2006; Talmi, Luk, et al., 2007), and
adds a conclusive demonstration that attention is also nec-
essary. Because organization and distinctiveness were con-
trolled in the comparison of negative and related neutral
pictures in the DA-blocked condition, but emotional stim-
uli were better attended, we could conclusively attribute
the EEM obtained in this condition to the effect of atten-
tion. Indeed, attention mediated the effect of arousal on
memory. When, in addition to organization and distinc-
tiveness, attention was also controlled – in the full atten-
tion condition in Experiment 1 and the critical conditions
in Experiment 2 – in Experiment 2, EEM disappeared.

With regard to the role or organization, in Experiment 1
the comparison of negative and random neutral pictures
that were encoded under FA revealed EEM. Because pri-
mary distinctiveness and possibly attention were con-
trolled in this comparison, the EEM could be attributed to
the effect of organization. With regards to the role of dis-
tinctiveness, arousal ratings, which likely also indexed pri-
mary distinctiveness, predicted EEM under mixed-DA in
Experiment 1. Furthermore, comparing the results of the
matched attention conditions in Experiment 2 with those
reported by Talmi, Schimmack, et al. (2007, Experiment
2) suggest that primary distinctiveness will produce EEM
even when organization and attention are controlled.

Our results establish the cognitive account of EEM by
integrating across a host of previous suggestions. They
emphasize the importance of considering the interplay be-
tween different cognitive factors instead of examining any
one of them in isolation, and show that the three factors
we have considered provide a necessary and sufficient ac-
count for immediate EEM. These results explain why emo-
tional memory is usually so good but also indicate that
there may be real-life situations when a series of emotional
events will be recalled no better than a series of neutral
events.

Current results replicate and extend those of Schmidt
and Saari (2007). Like us, these authors obtained EEM
across both mixed and blocked-sets study conditions. Be-
cause the orienting task they used was a neutral task
which was deemed primary, and suffered when stimuli
were emotional, their encoding conditions resembled our
own divided-attention conditions. This replication is
encouraging because the emotional picture stimuli used
here are arguably more arousing (De Houwer & Hermans,
1994; Kensinger & Schacter, 2006) than the taboo words
Please cite this article in press as: Talmi, D., & McGarry, L. M. Accoun
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employed by Schmidt and Saari. Current results extend
those of Schmidt and Saari because here we demonstrated
formally that when other factors are controlled, enhanced
attention to emotional stimuli explains enhanced memory
for them. This was evident in our mediator analysis results
where attention mediated the effect of arousal on memory
under DA-blocked, and in the critical comparison in Exper-
iment 2, where EEM was obtained only when attention
was not controlled but abolished when it was.

While current results show that the memory advantage
of emotional over neutral stimuli depends on organization,
distinctiveness, and attention, it is possible that memory
for emotional stimuli utilizes different cognitive and neu-
ral mechanisms than those that underpin memory for neu-
tral stimuli. This hypothesis was supported by an fMRI
study which employed an encoding condition that resem-
bled the FA-blocked condition in Experiment 1 (Sommer
et al., 2008), and likewise found that memory for emo-
tional and neutral items was equivalent. Nevertheless,
activation in the amygdala and hippocampus correlated
with immediate memory for emotional, but not neutral,
stimuli. The interpretation of these intriguing results is
complicated, however, because the activation of the amyg-
dala and hippocampus could be due to the beginning of a
differential consolidation process rather than to differen-
tial drivers of immediate EEM. Immediate memory data
from patients with lesions in the amygdala, which could
shed light on this causal link, is scant and mixed (Hurle-
mann et al., 2007; Labar & Phelps, 1998; Phelps et al.,
1998; Strange et al., 2003). Future research is needed to de-
cide whether brain lesions dissociate immediate emotional
and neutral memory.

Work in animal models shows that the modulation mod-
el cannot account for immediate long-term emotional
memory. For instance, in the step-down one-trial inhibitory
avoidance learning paradigm an animal is placed in an aver-
sive location, such as a high, exposed platform, from which it
can escape by stepping down. When the animal reaches the
apparently safer location, however, it receives an electric
shock. Memory is then tested by placing the animal on the
platform again and measuring step-down latency. Nor-
adrenaline infusion into the amygdala immediately after
encoding mimics the effects of endogenous arousal on the
modulation mechanism, and this treatment enhanced
memory when it was tested 24 h after study. However, the
treatment was no different to a control infusion of saline
when memory was tested earlier, 1.5 h after study (Bianchin
et al., 1999). In another study, a passive avoidance task mea-
sured an animal’s hesitation to drink water following a pre-
vious experience of receiving an electric shock in the same
location. Infusion of noradrenaline into the amygdala in-
duced the animal to drink much sooner than infusion of sal-
ine when memory was tested 24 h after study, indicating
enhanced memory for the shock, but there was no difference
between the treatments when memory was tested 30 min
after study (Ellis & Kesner, 1983). Similarly, stimulation of
the basolateral amygdala influences late-LTP but not early-
LTP in the dentate gyrus (Frey et al., 2001) and post-encod-
ing behavioral inductions of arousal help sustain LTP in the
dentate gyrus but do not influence LTP within the first hour
ting for immediate emotional memory enhancement. Journal of
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after study (Seidenbecher et al., 1997). Indeed, because
molecular pharmacology research in animal models often
reveals dissociations between immediate and delayed
memory (Izquierdo et al., 2002), it would not be surprising
if immediate and delayed EEM stemmed from different
mechanisms.

The cognitive account of immediate EEM could guide
future work in animals to elucidate the neurophysiological
mechanisms of immediate EEM, which is currently rela-
tively unknown. For instance, what is the neural mecha-
nism for the translation of enhanced attention allocation
to emotional items to immediate EEM? One structure that
may be important is the central nucleus of the amygdala,
which is involved in enhanced attention allocation to sali-
ent events (Holland & Gallagher, 1999). Recent animal
work also reveals that noradrenaline projections from the
locus coeruleus modulate hippocampal long-term depres-
sion and help select more salient information for encoding
(Lemon, Aydin-Abidin, Funke, & Manahan-Vaughan, 2009).
Future research could explore whether these effects ac-
count for immediate EEM in animals, how they are related
to the cognitive factors highlighted here, and how they
interact with the well-known modulatory effects of the
basolateral nucleus of the amygdala on long-term consoli-
dation in the hippocampus (McGaugh, 2004).

Current findings could also be interpreted as presenting
a challenge for the modulation model. Could attention, dis-
tinctiveness and organization – which fully accounted for
immediate EEM in our study – also account for delayed
EEM? This question is important because delayed tests of
EEM have never, to our knowledge, controlled all three fac-
tors together. Although the rare, but theoretically signifi-
cant, finding of delayed EEM in the absence of immediate
EEM (Kleinsmith & Kaplan, 1964; Sharot & Phelps, 2004;
Walker & Tarte, 1963) is often interpreted as contradicting
this hypothesis, the possibility remains that certain cogni-
tive effects have a larger influence after a delay (Alba &
Hasher, 1983; Loftus, Schooler, & Wagenaar, 1985). If true,
this could perhaps explain the theoretically important
findings that delayed EEM is correlated more strongly with
the connectivity between the amygdala and hippocampus
(Ritchey, Dolcos, & Cabeza, 2008). This question, and the
possible interaction of the cognitive factors with long-term
memory consolidation, is therefore an important avenue
for future research of emotion-enhanced memory.
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