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Sex Differences in the Use of Anticipatory Brain Activity to
Encode Emotional Events

Giulia Galli, Noham Wolpe, and Leun J. Otten
Institute of Cognitive Neuroscience, University College London, London, WC1N 3AR, United Kingdom

Women and men differ in the way they experience emotional events. Previous work has indicated that the impact of an emotional event
depends on how it is anticipated. Separately, it has been shown that anticipation affects memory formation. Here, we assessed whether
anticipatory brain activity influences the encoding of emotional events into long-term memory and, in addition, how biological sex affects
the use of such activity. Electrical brain activity was recorded from the scalps of healthy men and women while they performed an
incidental encoding task (indoor/outdoor judgments) on pleasant, unpleasant, and neutral pictures. Pictures were preceded by a cue that
indicated the valence of the upcoming item. Memory was tested after a 20 min delay with a recognition task incorporating the remember/
know procedure. Brain activity before picture onset predicted later memory of an event. Crucially, the role of anticipatory activity
depended entirely on the valence of a picture and the sex of an individual. Right-lateralized anticipatory activity selectively influenced the
encoding of unpleasant pictures in women, but not in men. These findings indicate that anticipatory processes influence the way in which
women encode negative events into memory. The selective use of such activity may indicate that anticipatory activity is one mechanism
by which individuals regulate their emotions.

Introduction
The ability to adapt behavior in line with future events is essential
to function optimally. From an evolutionary perspective, antici-
pating an aversive event may help an individual to prepare adap-
tive reactions in threatening situations. In everyday life, however,
excessive anticipation of future harm may lead to psychiatric
disorders such as anxiety and depression (Beck, 1967). The
relevance of anticipation in the processing of emotional events
is highlighted by a number of neuroimaging studies. Such
studies have shown that emotion-related brain regions,
including the anterior cingulate, amygdala, and dorsolateral
prefrontal cortex, are already engaged before exposure to an
emotional event (Simmons et al., 2004; Mackiewicz et al.,
2006; Nitschke et al., 2006; Herwig et al., 2007). Notably, an-
ticipatory activity in some of these regions correlates with
self-reported anxiety levels (Nitschke et al., 2006; Simmons et
al., 2006). This finding, coupled with the observation that
brain activity in many of the above mentioned areas is altered
in psychiatric disorders (Brody et al., 2001; Whiteside et al.,
2004), suggests that dysfunction is partly associated with pro-
cesses set in motion before the onset of an emotional event.

A separate line of research indicates that anticipatory activ-
ity plays a role in long-term memory formation. It has been

shown that brain activity before an event can predict whether
the event will later be remembered or forgotten (Adcock et al.,
2006; Mackiewicz et al., 2006; Otten et al., 2006, 2010; Gud-
erian et al., 2009; Gruber and Otten, 2010). Given that emo-
tion strongly interacts with memory (Dolcos and Denkova,
2008), this raises the interesting possibility that anticipatory
processes not only affect the perceptual intake of an emotional
event, but also its encoding into long-term memory. Here, we
tested this idea for the encoding of pleasant, unpleasant, and
neutral events.

In particular, we focused on the use of anticipatory activity by
men and women. Mackiewicz and colleagues (2006) have shown
that anticipatory activity can affect the encoding of emotional
events, but only unpleasant and neutral events were considered
and no sex differences were observed. However, biological sex has
a profound impact on the processing of emotional events (An-
dreano and Cahill, 2009). For example, sex differences occur in
performance of emotional memory tasks (Hamann and Canli,
2004), in the perceptual anticipation of affective events (Spreck-
elmeyer et al., 2009), and in encoding-related activity following
affective events (Canli et al., 2002). It may thus be expected that
men and women differ in the way they use anticipatory activity to
encode emotional memories. If so, this may highlight a mecha-
nism by which the impact of emotional events is regulated.

Electrical brain activity was recorded while healthy adults
performed an incidental encoding task on intermixed pleas-
ant, unpleasant, and neutral pictures. A cue indicated the va-
lence of an upcoming item. Activity preceding pictures was
contrasted according to later recognition memory perfor-
mance. The question of interest was how encoding-related
activity differs depending on the emotional content of the
approaching item and the sex of the individual.

Received March 31, 2011; revised July 8, 2011; accepted July 11, 2011.
Author contributions: G.G. and L.J.O. designed research; G.G. and N.W. performed research; G.G., N.W., and L.J.O.

analyzed data; G.G. and L.J.O. wrote the paper.
This work was supported by Wellcome Trust Grant 084618/Z/08/Z to L.J.O. Stimulus presentation was pro-

grammed with the Cogent2000 software of the physics group of the Wellcome Trust Centre for Neuroimaging.
The authors declare no competing financial interests.
Correspondence should be addressed to Giulia Galli, Institute of Cognitive Neuroscience, 17 Queen Square, Lon-

don, WC1N 3AR, UK. E-mail: g.galli@ucl.ac.uk.
DOI:10.1523/JNEUROSCI.1619-11.2011

Copyright © 2011 the authors 0270-6474/11/3112364-07$15.00/0

12364 • The Journal of Neuroscience, August 24, 2011 • 31(34):12364 –12370



Materials and Methods
Participants. Thirty volunteers (mean age � 20.7 years, SD � 1.5 years, 15
women) took part in the experiment. All had normal or corrected-to-
normal vision and reported to be native English speaking, right-handed,
and not to have a history of psychiatric or neurological illness. The ex-
perimental procedures were approved by the University College London
Research Ethics Committee. Each participant provided written informed
consent before participating and was remunerated at a rate of £7.50/h.

Stimulus materials. We selected 510 pictures from the International
Affective Picture System (IAPS) (Lang et al., 1997): 170 pleasant scenes,
170 unpleasant scenes, and 170 neutral scenes. According to the norma-
tive rating data of the IAPS, the three picture sets differed significantly in
valence (one-way ANOVA, F(1.9, 313.4) � 4.64, p � 0.001). Valence rat-
ings (on a scale from 1 to 9) varied between 1.3 and 3.6 for unpleasant
pictures, 4.4 and 5.9 for neutral pictures, and 6.5 and 8.3 for pleasant
pictures. We opted to use the same physical stimuli for all participants to
avoid item-specific effects rather than take the small differences in IAPS
valence ratings across men and women (Bradley and Lang, 2007) into
consideration. Pleasant and unpleasant scenes were rated as equally
arousing (t169 � �1.02, p � 0.30), and both as more arousing than
neutral pictures (t169 � 26.81 and 28.59, respectively; both p � 0.001).
For each valence set, five pictures were used to create practice lists. The
remaining 165 pictures in each set were split into three groups of 55. Two
of the groups were designated as old items and one as new items. The
particular groups that were used as old and new items were counterbal-
anced across participants. Old pictures (110 pleasant, 110 unpleasant,
and 110 neutral) were randomly allocated to a study list of 330 items. The
test list consisted of 495 randomly allocated items—330 old pictures and
165 new pictures (55 pleasant, 55 unpleasant, and 55 neutral). Lists were
randomized anew for each participant. Study lists were split into five
blocks and test lists into eight blocks to provide brief rest periods.

Procedure. The experiment involved an incidental encoding task fol-
lowed by a recognition memory test. In the study phase, participants
viewed a series of pictures, presented one at a time. Each picture was
preceded by a cue that indicated whether the picture would depict a
pleasant, unpleasant, or neutral scene. Cues were cartoon faces with up-
ward, downward, and neutral mouths to signal pleasant, unpleasant, and
neutral scenes, respectively. Participants were asked to decide whether a
picture portrayed an indoor or outdoor scene and press one of two but-
tons with their right thumb or index finger to indicate their decision.
Response finger was counterbalanced across participants. The instruc-
tions emphasized speed as well as accuracy, and indicated that the cue
should be used to get ready for the upcoming picture. The latter instruc-
tion was used to encourage participants not to ignore cues.

The test phase followed the study phase after �20 min. Participants
were only told that their memory would be tested at this point in the
experiment. The memory test consisted of a recognition memory task,
incorporating the remember/know procedure (Tulving, 1985). This pro-
cedure was used to restrict the neural comparisons to study items that
were later remembered on the same basis (recollection or strong mem-
ory: Yonelinas, 2002; Wais et al., 2008). All the pictures from the study
phase were presented again, intermixed with new pictures. As in the
study phase, pictures were preceded by cues to indicate the valence of the
upcoming item. This was done to keep the stimulus presentation param-
eters constant across study and test. For each picture, participants had
three response options: remember, to be given if the picture brought back
specific details from its occurrence in the study phase (such as what
participants thought about when they first saw the picture); know, to be
given if participants only had a general feeling that they had seen the
picture in the study phase; and new, to be given if they thought that the
picture had not been presented before. Each option was assigned to one
of three response buttons, which had to be pressed with the index, mid-
dle, or ring finger of the right hand (response finger counterbalanced
across participants). A brief practice block preceded the study and test
phases to familiarize participants with the tasks. After finishing the test
phase, participants completed the State-Trait Anxiety Inventory (Spiel-
berger et al., 1970). This test was administered to verify that participants

fell within a normal anxiety range and to correlate anxiety level with
encoding-related brain activity.

At both study and test, pictures were shown centrally on a computer
screen on a gray background. Pictures subtended a visual angle of �6.8°
horizontally and 5.1° vertically. Cues were presented 1.5 s before picture
onset and remained on the screen until 100 ms before the picture was
shown. Pictures were displayed for 1 s. The time between successive cue
onsets varied randomly between 4.5 and 6 s at study and between 5 and
6.5 s at test. A fixation point (a black plus sign) was continuously present
in the center of the screen except when cues and pictures were presented.

EEG acquisition and analysis. EEG was recorded from 32 scalp sites
with sintered silver/silver– chloride electrodes embedded in an elastic
cap. Electrodes were positioned according to an equidistant montage
(www.easycap.de/easycap/e/electrodes/13_M10.htm). Vertical and hor-
izontal eye movements were recorded bipolarly from, respectively, elec-
trodes attached to the supraorbital and infraorbital ridges of the right eye
and to the outer canthus of each eye. A midfrontal site (corresponding to
Fz in the 10/20 system) was used as the online reference. Impedances
were kept �5 k�. On-line, signals were amplified, bandpass filtered
between 0.01 and 35 Hz (3 dB roll-off), and digitized at a rate of 250 Hz
(12-bit resolution). Off-line, the data were digitally filtered between 0.05
and 20 Hz with a 96 dB roll-off, zero phase shift filter. The data were then
downsampled to 125 Hz and algebraically re-referenced to linked mas-
toids (reinstating the midfrontal on-line reference site).

The primary interest was in the role of anticipatory processes in the
encoding of emotional memories. However, for completeness, we also
computed encoding-related activity after picture onset. Activity elicited
by cues and pictures was analyzed separately to allow each to be aligned to
the time period immediately preceding each event (cf. Otten et al., 2006,
2010; Gruber and Otten, 2010). Epochs of 2048 ms duration surrounding
cues and pictures, starting 100 ms before their onset, were extracted from
the continuous record. Event-related potentials (ERPs) were computed
for each participant and electrode site for pleasant, unpleasant, and neu-
tral pictures later given remember, know, and new judgments. The ERP
waveforms were aligned to the 100 ms period before cue and picture
onsets. This approach allowed us to assess whether pictures elicited
encoding-related activity above and beyond any encoding-related activ-
ity elicited by cues. Blink artifacts were minimized by estimating and
correcting their contribution to the ERP waveforms (Rugg et al., 1997).
Trials with horizontal and nonblink vertical movements were excluded
from the averaging process, as were trials containing drifts (�50 �V),
amplifier saturation, or muscle artifacts.

Brain activity associated with successful memory encoding was iden-
tified with the subsequent memory procedure (Sanquist et al., 1980).
ERP waveforms for pleasant, unpleasant, and neutral trials were con-
trasted depending on whether the pictures from those trials were remem-
bered or forgotten in the later recognition memory task. The analyses
focused on pictures later given remember versus new judgments. We
used the remember/know paradigm to minimize the possibility that
comparisons of encoding-related activity across valence and biological
sex were confounded by type or strength of memory. We restricted the
analyses to remember judgments because previous work has suggested
that anticipatory encoding-related activity is more pronounced for items
accompanied by recollection or strong memories (Otten et al., 2006,
2010; Gruber and Otten, 2010). In addition, only a subset of participants
had at least 12 artifact-free trials for pictures later given know judgments
(11 men and 13 women) and this response category was therefore not
considered (an exploratory analysis did not reveal subsequent memory
effects in this category). For cue-related activity giving rise to later re-
member judgments, mean trial numbers for remembered and forgotten
items were 41 and 26 for pleasant, 45 and 27 for unpleasant, and 39 and
30 for neutral cues, respectively. For picture-related activity, the corre-
sponding trial numbers were 42 and 25 for pleasant, 41 and 27 for un-
pleasant, and 40 and 28 for neutral pictures.

Waveforms were quantified by measuring mean amplitudes in latency
regions that captured the effects visible in the group-averaged waveforms
to assess consistency across participants (see Results, below). For both
cue-related and picture-related activity, the analyses were performed on
the maximum number of electrode sites out of the montage that allowed
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a balanced partitioning of sites into four quadrants on the scalp (Fig. 1).
These quadrants were used to characterize scalp topography in terms of
left/right asymmetry and anterior/posterior location. ERP amplitudes
from 24 sites were submitted to mixed-model ANOVAs, incorporating
factors of hemisphere (left/right), location (anterior/posterior), elec-
trode site (six positions), and interval (three latencies) in addition to the
experimental factors of subsequent memory (remembered/forgotten),
valence (pleasant/unpleasant/neutral), and sex (men/women). Green-
house–Geisser corrections for violations of sphericity were applied to all
factors with more than two levels (Keselman and Rogan, 1980). Only
effects involving subsequent memory were considered. In line with our a
priori interests, we also computed ANOVAs in each valence category to
assess the significance of subsequent memory effects in each category in
men and women. We checked whether the multivariate approach to
repeated measurements (Vasey and Thayer, 1987) would lead to different
conclusions, but this was not the case for cue- or picture-elicited activity
and therefore only the univariate analyses are reported.

Results
State-Trait Anxiety Inventory
Across participants, mean scores on the State-Trait Anxiety In-
ventory were 31.0 (SD � 8.1) for state anxiety and 37.4 (SD �
12.2) for trait anxiety. These scores did not differ significantly
between men and women (p � 0.41).

Task performance
Mean response time for indoor/outdoor judgments was 931
ms (SD � 284 ms) for pleasant pictures, 951 ms (SD � 301 ms)
for neutral pictures, and 990 ms (SD � 282 ms) for unpleasant
pictures. These times were compared with a mixed-model
ANOVA with a repeated-measures factor of valence and a
between-subjects factor of sex. A main effect of valence indi-
cated that response times differed significantly across picture
types (F(1.7, 46.7) � 16.04, p � 0.001). Responses to unpleasant
pictures were slower than those to pleasant and neutral ones
(t29 � �5.39 and 3.19, p � 0.001 and p � 0.003, respectively),
and responses to neutral pictures were in turn slower than
those to pleasant ones (t29 � �2.33, p � 0.027). No interac-
tion with biological sex emerged (p � 0.23). Given the subjec-
tive nature of many indoor/outdoor judgments, study
accuracy was not considered.

The overall accuracy with which old pictures were discrim-
inated from new pictures was similar regardless of emotional
content (Table 1). Accuracy of recognition judgments was estab-
lished with the discrimination index Pr (the proportion of hits
minus the proportion of false alarms; Snodgrass and Corwin,
1988). Pr values were submitted to a mixed-model ANOVA with

factors of valence and sex. No significant effects emerged. Mim-
icking the ERP analyses below, the analyses were then restricted
to pictures given remember judgments. This time, the ANOVA
on the discrimination indices revealed a significant main effect of
valence (F(1.7, 48.4) � 6.02, p � 0.007). Accuracy of remember
judgments was lower for pleasant pictures compared with un-
pleasant and neutral ones (t29 � �3.78 and �2.94, p � 0.001 and
0.006, respectively), which did not differ from each other (p �
0.88). The lower discrimination accuracy seems mainly driven by
the higher false alarm rate for pleasant pictures. None of the
analyses on the data from the recognition memory test revealed
interactions involving sex (p � 0.48).

Anticipatory activity related to encoding
Electrical brain activity before picture onset differed depending
on the type of recognition judgment a picture later received (Fig.
2). Activity elicited by cues indicating an upcoming unpleasant
picture was more positive-going from an early point onwards
when the picture was later given a remember rather than new
judgment. Strikingly, this effect was only evident in women (Fig.
3). In men, anticipatory activity did not differ appreciably de-
pending on the type of memory judgment. Similarly, only small
differences are evident in encoding-related activity preceding
pleasant and neutral pictures in both women and men.

These effects were quantified by measuring mean amplitude
values in the 300 –700, 700 –1100, and 1100 –1500 ms intervals
following cue onset. Encoding-related activity preceding un-
pleasant pictures in women is evident from �300 ms after cue
onset, persisting until picture onset. Separating this interval into
three allowed us to assess possible differences in amplitude or
scalp distribution over time. ERP amplitudes from 24 sites were
submitted to a mixed-model ANOVA that incorporated the
between-subjects factor of sex (men/women) and within-
subjects factors of subsequent memory (remembered/forgotten),
valence (pleasant/unpleasant/neutral), interval (300 –700/700 –
1100/1100 –1500 ms), location (anterior/posterior), hemisphere
(left/right), and electrode site (six positions; Fig. 1). This ANOVA
gave rise to a significant interaction between valence, subsequent
memory, hemisphere, and location (Greenhouse–Geisser cor-
rected F(1.9, 55.5) � 3.28, p � 0.045). However, the interaction
between subsequent memory, hemisphere, and location was not
significant for any valence category (p � 0.32). Crucially, the
mixed-model ANOVA also showed a highly significant interac-
tion between valence, subsequent memory, sex, and hemi-
sphere (F(1.9, 54.3) � 5.66, p � 0.006). The comparisons in each
valence category indicated that the interaction between subse-
quent memory, sex, and hemisphere was significant for unpleas-
ant pictures (F(1,28) � 20.29, p � 0.001), whereas no effects
involving subsequent memory emerged for pleasant or neutral
pictures (p � 0.12). For unpleasant pictures, ERP amplitudes
before stimulus onset were more positive-going in women at
right scalp sites when the pictures were later remembered (F(1,14) �
11.06, p � 0.005). No significant effects emerged for unpleasant

Figure 1. Schematic representation of the scalp sites used to record and analyze electrical
brain activity. Activity was recorded from all 32 sites that are shown. The statistical analyses
were based on the 24 black sites to allow partitioning of sites into four quadrants defined by
anterior–posterior and left–right location.

Table 1. Proportions of responses in the recognition memory task

Picture type

Recognition type Pleasant Unpleasant Neutral

Hits, remember 0.42 (0.16) 0.45 (0.17) 0.40 (0.18)
Hits, know 0.31 (0.15) 0.27 (0.13) 0.29 (0.14)
Misses 0.27 (0.11) 0.28 (0.13) 0.31 (0.12)
Correct rejections 0.75 (0.13) 0.81 (0.11) 0.84 (0.10)

Standard deviations are displayed in parentheses.
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pictures in men (p � 0.10). None of the above analyses demon-
strated interactions involving the interval factor (p � 0.28).

A correlational analysis was performed to assess whether the
encoding-related anticipatory activity found for unpleasant stim-
uli in women varied as a function of anxiety level. To that end,
women’s state and trait anxiety scores were correlated with the
amplitude of the anticipatory ERP effect they displayed in the
300 –1500 ms interval (averaged across right hemisphere scalp
sites). No significant correlation emerged (p � 0.18).

Encoding-related activity after picture onset
Activity following picture onset also differed as a function of later
memory performance (Fig. 4). As typically observed (Friedman
and Johnson, 2000), items that were later remembered elicited
more positive-going waveforms than items that were later forgot-
ten. These effects were quantified in the 200 – 600, 600 –1100, and
1100 –1900 ms intervals. Again, effects are visible throughout this
period of time, but partitioning the period allowed an assessment
of differences over time. The same mixed-model ANOVA as per-
formed on the cue data revealed a significant interaction between
subsequent memory and interval (F(1.5, 43.9) � 20.31, p � 0.001).
Subsequent memory effects were significant in all three intervals,
however (200 – 600 ms: F(1.0, 29.0) � 7.62, p � 0.010; 600 –1100
ms: F(1.0, 29.0) � 34.35, p � 0.001; 1100 –1900 ms: F(1.0, 29.0) �
27.23, p � 0.001). There was also an interaction between subse-

quent memory and location (F(1.0, 28.0) � 30.17, p � 0.001). Con-
firming the well known anterior location of stimulus-elicited
encoding-related activity, subsequent memory effects were sig-
nificant at anterior (F(1.0, 29.0) � 49.21, p � 0.001) but not poste-
rior (p � 0.058) scalp locations. Crucially, no interactions
between subsequent memory and either valence or sex emerged
in any of these analyses.

Discussion
The data support the notion that brain activity engaged in antic-
ipation of an emotional event influences the effectiveness with
which the event is encoded into long-term memory. Scalp-
recorded electrical brain activity elicited by a cue that signaled the
imminent presentation of an emotional scene predicted whether
that scene would later be remembered. This activity must there-
fore be relevant for successful memory formation (Paller and
Wagner, 2002). This was only true, however, when the upcoming
picture depicted an unpleasant scene (cf. Mackiewicz et al., 2006).
The anticipation of an adverse event is vital from an evolutionary
perspective. Knowing that a potentially threatening situation is
about to arrive enables the engagement of preparatory mecha-
nisms to help deal with the impact of the situation. Indeed, neu-
roimaging studies have shown an overlap between brain regions
active before and after aversive events (Simmons et al., 2004;
Mackiewicz et al., 2006; Nitschke et al., 2006; Herwig et al., 2007).
Here, we show that preparatory mechanisms not only affect the
perception of an emotional event (Simmons et al., 2004; Nitschke
et al., 2006; Herwig et al., 2007), but also its encoding into long-
term memory. Perhaps consistent with an adaptive account, we
did not find anticipatory activity predictive of successful encod-
ing for neutral or pleasant pictures. On this account, there would
be less need to prepare because of the absence of an imminent
threat.

Crucially, neural responses in anticipation of unpleasant
events were found in women, but not in men. Sex differences in
emotional memory have consistently been reported (Hamann
and Canli, 2004). Men and women appear to activate different
brain regions when encoding unpleasant events, including the
right amygdala in men and left amygdala in women (Canli et al.,
2002). A common explanation of such results refers to hemi-
spheric specialization, building on the idea that lateralized cog-
nitive processes are engaged differentially by men and women
(Canli et al., 2002). It is not possible to infer the intracerebral
location of the generator(s) of scalp-recorded activity on the basis
of scalp distribution alone. However, it is interesting to note that
anticipatory activity in the present study was right lateralized in
women. At first glance, this may appear to contradict the above-
mentioned studies. However, our results show brain responses
related to the anticipation of an emotional picture and not the
processing of the picture itself.

It is stereotypically thought that women are more emotionally
responsive than men, and this has also received empirical support
(Bradley et al., 2001; Gard and Kring, 2007). The current findings
suggest that such enhanced responsivity extends to the anticipa-
tion of unpleasant events, affecting their encoding into long-term
memory. One possibility is that the right-lateralized anticipatory
activity we observed reflects a vigilance bias toward threatening
information. A role of the right hemisphere in vigilance bias has
been noted in previous studies (Mogg et al., 2000). For two rea-
sons, however, this seems unlikely. First, vigilance bias has been
associated with high anxiety (Eysenck, 1992; Derakshan and Ey-
senck, 2001), but anxiety levels were within a normal range here
and there was no differences between women and men. Second,

Figure 2. Anticipatory brain activity predicting later memory performance. a– c, Depicted
are group-averaged ERP waveforms (collapsed across men and women) at a frontal electrode
site (site 21 from montage 10; www.easycap.de/easycap/e/electrodes/13_M10.htm) elicited
by cues preceding pleasant pictures (a), unpleasant pictures (b), and neutral pictures (c). An-
ticipatory activity related to successful encoding is evident for unpleasant cues. For graphical
purposes, the waveforms were low-pass filtered at 19.4 Hz.
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previous ERP work on vigilance bias has
implicated negative slow potentials over
anterior scalp sites rather than right-
lateralized positive activity (Carretié et al.,
2004).

The anticipatory activity may instead
reflect specific emotional strategies engaged
by women to cope with the expectation of
an unpleasant event. Upon anticipation of
an unpleasant event, women may spontane-
ously engage strategies to counter the im-
pact of negative emotions. It has indeed
been reported that men and women regu-
late their emotions differently. Emotion reg-
ulation in men seems to be a fast and
automatic process (McRae et al., 2008),
whereas women generally use more emo-
tional coping styles when confronted with
negative information (Matud, 2004). Sex
differences in emotion regulation are also well documented at the
neural level (Mak et al., 2009; Domes et al., 2010). If women employ
distinct emotional coping styles, these may first emerge during the
anticipation of an event.

In this respect, it is worth noting the nature of anticipatory
activity observed in the present experiment. This activity took the
form of a more positive-going waveform preceding pictures that
were later remembered. This effect resembles the anticipatory
activity seen for words in a monetary reward paradigm (Gruber
and Otten, 2010). Reward and emotion may both elicit motiva-
tional processes (Lang et al., 1998), which may give rise to
positive-going anticipatory activity. In contrast, the negative-
going anticipatory activity observed over anterior locations in
semantic encoding tasks (Otten et al., 2006, 2010) may reflect
cognitively oriented preparatory processes.

Although speculative, the suggested link between anticipatory
brain activity, memory formation, and the regulation of emo-
tions envisions improvements in the understanding of psychiat-
ric disorders involving dysfunctions of emotional memory. The
use of dysfunctional emotion regulatory strategies has been re-
lated to the higher prevalence of affective disorders in women
(Thayer et al., 2003). Anxiety disorders, for example, are charac-
terized by emotion regulation deficiencies (Amstadter, 2008) and
memory biases toward negative emotional content (McNally,
1997). If the anticipatory activity we observed is associated with
emotional regulation, the activity might be expected to be accom-
panied by differences in mood state or anxiety level (cf. Nitschke
et al., 2006; Simmons et al., 2006). We did not find a correlation
between anticipatory activity and trait or state anxiety in the pres-
ent study. As noted previously, however, all anxiety scores fell
within a normal and relatively narrow range. It remains to be
determined whether individuals with pathological levels of anxi-
ety cope with the anticipation of an unpleasant event in a dys-
functional way, affecting the way the event is encoded. If so,
instructions to regulate emotions before, and not only during,
exposure to an aversive event may help reduce the impact of the
event.

As typically observed, we found positive-going encoding-
related activity after picture onset over anterior scalp locations
(Paller and Wagner, 2002). In striking contrast with anticipatory
activity, picture-elicited activity did not differ depending on va-
lence or sex of the individual. This emphasizes the importance of
anticipation in the encoding of emotional events and suggests
that activity before an event is dissociable from activity thereafter

(cf. Otten et al., 2006, 2010; Gruber and Otten, 2010). Previous
fMRI studies did find sex and valence differences during the en-
coding of emotional pictures (Canli et al., 2002; Cahill et al., 2004;
Mackiewicz et al., 2006) and demonstrated an overlap in
emotion-related brain regions before and after picture onset
(Simmons et al., 2004; Mackiewicz et al., 2006; Nitschke et al.,
2006; Herwig et al., 2007). Although these discrepant results may
reflect methodological differences, it is also possible that the rel-

Figure 3. Anticipatory brain activity elicited by cues preceding unpleasant pictures separated according to the biological
sex of the individual. a, c, In women (a), but not men (c), anticipatory activity is predictive of later memory performance.
Waveforms are shown for the same frontal scalp site as used in Figure 2. For graphical purposes, the waveforms were
low-pass filtered at 19.4 Hz. b, Voltage spline map illustrating that the effect in women is largest over right hemisphere
scalp sites. The map shows the difference between activity preceding later remembered and forgotten pictures in the
300 –1500 ms interval following cue onset.

Figure 4. Brain activity following picture onset. a– c, Group-averaged ERP waveforms (col-
lapsed across men and women) are shown for pleasant pictures (a), unpleasant pictures (b),
and neutral pictures (c) that were later remembered or forgotten. The frontal electrode site used
in Figures 2 and 3 is shown again here (site 21 from montage 10; www.easycap.de/easycap/e/
electrodes/13_M10.htm). A positive-going, frontally distributed subsequent memory effect is
elicited by all picture types. Waveforms were low-pass filtered at 19.4 Hz for display purposes.
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atively slow time course of hemodynamic activity is not able to
capture the fast changing encoding processes surrounding event
onset.

Three aspects of the present work deserve further consider-
ation. First, the selective influence of encoding-related activity
preceding unpleasant events cannot be explained by differences
in arousal. We carefully matched emotional pictures for arousal
using the IAPS ratings (Lang et al., 1997). If arousal were the main
determinant of our results, similar activity for pleasant and un-
pleasant pictures should have been observed. Second, the neural
differences between men and women were not accompanied by
differences in picture responding or memory performance. Al-
though this may just be a reflection of differential sensitivity of
neural and performance measures, sex differences in brain activ-
ity in the absence of behavioral differences have been observed in
a number of cognitive domains (Grabowski et al., 2003; Piefke et
al., 2005; Andreano and Cahill, 2009). It has been suggested that
men and women employ different, but equally effective, cogni-
tive strategies. Alternatively, performance differences may only
arise in the context of sex-related traits (e.g., masculinity) rather
than biological sex (Cahill et al., 2004). Third, men showed a
small encoding-related effect before unpleasant pictures in the
same direction as women (Fig. 3c). Although this was not statis-
tically significant, it may suggest that women and men differ
quantitatively, rather than qualitatively, in the way they prepare
for an upcoming unpleasant event.

A limitation of the present study is that we cannot say what
kind of memory is associated with anticipatory encoding-related
activity. The remember/know paradigm was devised to separate
recognition based on recollection and familiarity (Tulving,
1985). Given that anticipatory activity was found for remember
responses, it is tempting to suggest that anticipatory processes are
especially important for episodic memory (cf. Otten et al., 2010;
Gruber and Otten, 2010). However, both memory strength and
memory type contribute to the differentiation between remem-
ber and know judgments (Yonelinas, 2002; Wais et al., 2008) and
activity associated with know judgments could not be considered
here. Understanding the type of memory associated with prepa-
ratory processes in emotional memory therefore awaits further
experimentation.

In conclusion, we have demonstrated that anticipatory brain
activity influences the encoding of negative, but not positive,
emotional information. Crucially, this activity only affected
memory encoding in women. Anticipatory activity may be one
mechanism by which individuals regulate their emotions. Cogni-
tive strategies to reduce anxiety, such as emotion regulation,
might target anticipatory processes in addition to the response to
the emotional event itself.

References
Adcock RA, Thangavel A, Whitfield-Gabrieli S, Knutson B, Gabrieli JD

(2006) Reward-motivated learning: mesolimbic activation precedes
memory formation. Neuron 50:507–517.

Amstadter A (2008) Emotion regulation and anxiety disorders. J Anxiety
Disord 22:211–221.

Andreano JM, Cahill L (2009) Sex influences on the neurobiology of learn-
ing and memory. Learn Mem 16:248 –266.

Beck AT (1967) Depression: clinical, experimental, and theoretical aspects.
New York: Harper and Row.

Bradley MM, Lang PJ (2007) The International Affective Picture System
(IAPS) in the study of emotion and attention. In: Handbook of emotion
elicitation and assessment (Coan JA, Allen JJB, eds), pp 29 – 46. New York:
Cambridge UP.

Bradley MM, Codispoti M, Sabatinelli D, Lang PJ (2001) Emotion and mo-
tivation II: sex differences in picture processing. Emotion 1:300 –319.

Brody AL, Saxena S, Mandelkern MA, Fairbanks LA, Ho ML, Baxter LR
(2001) Brain metabolic changes associated with symptom factor im-
provement in major depressive disorder. Biol Psychiatry 50:171–178.

Cahill L, Gorski L, Belcher A, Huynh Q (2004) The influence of sex versus
sex-related traits on long-term memory for gist and detail from an emo-
tional story. Conscious Cogn 13:391– 400.

Canli T, Desmond JE, Zhao Z, Gabrieli JD (2002) Sex differences in the neural
basis of emotional memories. Proc Natl Acad Sci U S A 99:10789–10794.
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