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Abstract

To address the question of which brain regions subserve retrieval of emotionally-valenced memories, we used event-related
fMRI to index neural activity during the incidental retrieval of emotional and non-emotional contextual information. At study,
emotionally neutral words were presented in the context of sentences that were either negatively, neutrally or positively valenced.
At test, fMRI data were obtained while participants discriminated between studied and unstudied words. Recognition of words
presented in emotionally negative relative to emotionally neutral contexts was associated with enhanced activity in right
dorsolateral prefrontal cortex, left amygdala and hippocampus, right lingual gyrus and posterior cingulate cortex. Recognition of
words from positive relative to neutral contexts was associated with increased activity in bilateral prefrontal and orbitofrontal
cortices, and left anterior temporal lobe. These findings suggest that neural activity mediating episodic retrieval of contextual
information and its subsequent processing is modulated by emotion in at least two ways. First, there is enhancement of activity
in networks supporting episodic retrieval of neutral information. Second, regions known to be activated when emotional
information is encountered in the environment are also active when emotional information is retrieved from memory. © 2001
Elsevier Science Ltd. All rights reserved.
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1. Introduction

A small number of functional neuroimaging studies
have investigated the brain regions and circuits acti-
vated during explicit retrieval of emotionally toned
items. In one of the first such studies it was reported
that activity in occipital-parietal regions was enhanced
during visualisation from memory of previously viewed
negative images relative to neutral images [27]. The
finding of enhanced activity in sensory regions during
emotional memory retrieval was replicated by Taylor et
al. [58], who found greater activity in the lingual gyrus
(BA 18) during recognition of previously studied nega-
tive images, relative to neutral images, in the absence of
the modulation of any other retrieval-related activity.

In a more recent study, Dolan et al. [11] reported that
recognition memory for emotional relative to neutral
pictures was associated with activation in the anterior
temporal pole and the amygdala, leading these authors
to conclude that emotional memory retrieval recruited
brain regions specialised for processing the affective
significance of stimuli.

The present investigation was concerned with charac-
terising the brain activity associated with retrieval of
emotionally toned contexts rather than retrieval of
items with inherent emotional tone. To the best of our
knowledge, only one earlier neuroimaging study [33]
has investigated the neural correlates of retrieval of
such contexts. The results of this electrophysiological
study suggested that activity in the same network that
supports episodic retrieval of neutral information is
enhanced during retrieval of emotional information.
Specifically, it was suggested that the incidental re-
trieval of emotional contextual information was associ-
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ated with enhanced activity in the same neural systems
that support the conscious recollection and subsequent
’post-retrieval’ processing of emotionally neutral infor-
mation. In particular, it was suggested that such addi-
tional activity would be found in the medial
temporal/posterior cortical regions subserving the ini-
tial retrieval of episodic information [37,49] and in right
prefrontal regions supporting the subsequent monitor-
ing and evaluation of the retrieved information (e.g.
[48]).

The present study employed event-related fMRI to
investigate the incidental retrieval of emotional and
neutral contexts using a procedure similar to that em-
ployed by Phelps et al. [39] (see also [33]) which, unlike
most prior studies of emotional memory, did not con-
found the emotional valence of the retrieval cues with
the valence of the to-be-retrieved information. By con-
trasting the neural activity elicited by a single kind of
test item (emotionally neutral words) as a function of
the emotional valence of its study context, any differ-
ence in the activity elicited by test items belonging to
different classes of context can be attributed unequivo-
cally to their respective encoding contexts.

2. Method

The experimental procedures were approved by the
joint Medical Ethics Committee of the National Hospi-
tal for Neurology and Neurosurgery and the Institute
of Neurology.

2.1. Participants

Thirteen right-handed participants aged between 18
and 30 years were employed in the study after giving
informed consent. One participant’s data were rejected
because of very poor behavioural performance. The 12
participants whose data were analysed consisted of
seven females and five males. All reported good health
and no history of neurological illness.

2.2. Experimental material

One hundred and twenty words normed for neutral
emotional valence (see below) were used as critical
stimuli. The words varied in length between four and
ten letters and in frequency between 30 and 100 per
million [14]. For each word one negative, one neutral,
and one positive sentence were constructed. For exam-
ple, for the critical word ‘corn’ the following sentences
were generated as negative, neutral and positive sen-
tences, respectively. ‘The farmer was shredded when he
fell into the corn grinder’; ‘The farm labourers began
harvesting the corn’; and ‘The farmer was overjoyed
with his bountiful crop of corn’. Critical words never

featured in sentences other than their designated neu-
tral, negative or positive sentences.

2.3. Word norms and selection

Normative valence ratings were collected for 320
ostensibly neutral words. The words were randomly
intermixed with 35 emotionally negative words and 35
emotionally positive words (taken from Siegle [53]).
Ten participants were given the resulting list of 390
words and asked to rate each word on a Likert scale
(ranging from −3 to +3) according to how emotion-
ally ‘negative’, ‘neutral’ or ‘positive’ they felt it to be.
The average ratings given to the negative, neutral and
positive words were −1.8, 0.4 and 1.6, respectively. Of
the 320 ‘neutral’ words, 21 were dropped because they
received ratings outside the range�1, another 131 were
dropped because of difficulties in constructing a nega-
tive, neutral or positive sentence, and 48 words were
used as filler items. The remaining 120 words were used
as critical stimuli.

2.4. Experimental lists

Eight study lists were created, each containing a set
of 15 negative, 15 neutral and 15 positive sentences.
The sentences in the study lists were randomly ordered
and a neutral filler sentence was added to the beginning
and end of each study list. Six test lists were created,
each with a different randomised order, such that each
study list could be followed by a test list containing the
45 old words from the sentences in the study block and
15 previously unseen words. Two filler words were
added to the beginning of each test list.

To accommodate the two study-test sessions, study
lists were paired such that across the whole experiment
there were four study sets (each set containing a list for
session 1 and corresponding list for session 2). Test lists
were similarly paired, resulting in three test sets. Study
and test sets were then combined resulting in 12 possi-
ble study-test set combinations, one for each
participant.

Study and test lists were assigned to participants such
that, across the experiment, each critical word appeared
three times as a new item and three times each in a
negative, neutral and positive sentence.

2.5. Procedure

Participants were given a description of the study
task before entering the scanner. They were informed
that the experiment would involve the presentation of
emotional sentences and that parts of the experiment
would involve a memory task. An example of the study
phase was then given which consisted of the presenta-
tion of 3 negative, 3 neutral and 3 positive sentences.
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The experiment proper began after a 15 min struc-
tural scan. Participants were then administered the
study and test lists in the scanner. An interval of 5 min
separated each of the study and test tasks and also each
of the sessions. Functional scans were acquired during
each of the two test phases.

2.6. Task

Each of the 45 study trials consisted of two stages. A
series of 45 sentences, white text on a dark screen, were
presented via a mirror mounted on the scanner head
coil in direct view of the reclining participant at a
viewing distance of approximately 50 cm. First, the
participants were required to give the sentence an affec-
tive rating on a Likert scale from −3 to +3 according
to how negative, neutral or positive they felt the sen-
tences to be. The critical word from the sentence was
then presented alone with the requirement to read it out
aloud and remember it in the context of the sentence of
which it had been part. Sentences were presented ap-
proximately every 10–15 s.

The corresponding recognition memory test consisted
of the re-presentation of the critical words from the
study sentences along with 15 new items. Each trial
began with the presentation of a fixation character for
1000 ms. This was removed 500 ms before the onset of
the test word which was displayed for 1000 ms, follow-
ing which the screen was blanked for 3000 ms. Partici-
pants were required to judge whether or not each word
had been presented in the study phase. No mention was
made of the different types of sentences employed at
study. Test stimuli were presented in a white uppercase
Helvetica 48 font on a black background. The words
were presented using the same display system as for the
study phase. Responses were given through a hand-held
box by button press with either the right or left thumb.
The mapping of thumb to response type was counter-
balanced across participants. Participants were in-
structed to relax and to keep head movement to a
minimum. Responses faster than 300 ms were treated as
errors.

2.7. fMRI methods

A 2T Siemens VISION system (Siemens, Erlangen,
Germany) was used to acquire both T1-weighted
anatomical volume images (1×1×1.5 mm voxels,
MPRAGE sequence) and T2*-weighted echoplanar
(EPI) images (64×64, 3×3 mm pixels, TE=40 ms)
with blood oxygenation level dependent (BOLD) con-
trast. Each EPI consisted of 32 2-mm thick axial slices
(inter-slice gap 1.5 mm), positioned to cover the entire
brain with the exception of the vertex and cerebellum.
Scanning occurred during the two test sessions. Thus,
109 volumes were acquired in each session, the first 5 of

which were discarded to allow for T1 equilibration
effects. Volumes were acquired continuously with an
effective repetition time (TR) of 3.2 s/vol. The SOA was
5.5 s, giving an effective sampling rate of 10 Hz.

2.8. Image pre-processing

Pre-processing steps were conducted using the Statis-
tical Parametric Mapping toolbox [2]. For each partici-
pant, all volumes were realigned and re-sampled in
space using sinc-interpolation. Temporal offsets be-
tween successive slices were corrected with sinc-interpo-
lation in time. The data were spatially normalised to a
standard EPI template volume (based on the MNI 305
brain average) using non-linear basis functions [2]. Fi-
nally, the EPI volumes were convolved with an
isotropic 8 mm (FWHM) Gaussian smoothing kernel to
accommodate residual across-participant anatomical
differences, and globally scaled to a constant mean
signal intensity. The time series for each voxel were
high-pass filtered to a maximum of 1/120 Hz.

2.9. Data analysis

Statistical maps of voxels exhibiting differential re-
sponses to the different event types were created with
SPM 99b [16]. The volumes acquired during each ses-
sion were treated as two time series. The analysis
consisted of two stages, estimation of the parameters of
the haemodynamic response function for each partici-
pant and a subsequent test of the significance of these
parameters across participants.

In the first stage, responses to the onset of each event
type were modelled with two basis functions; an early
haemodynamic response function (‘canonical’ HRF:
[17]) and a delayed HRF, shifted in time relative to the
early function by 3.2 s (i.e., one TR). The use of both
an early and late basis function was based on findings
(e.g. [51]) that the haemodynamic response onsets later
in some brain regions (e.g. prefrontal cortex) than it
does in the sensory regions from which the canonical
(early) HRF was derived.

The early and late response functions, when con-
volved with a sequence of delta functions representing
the onset of each event, were used as participant-spe-
cific covariates in a general linear model. Since the two
HRFs were correlated, covariates for the late HRF
were orthogonalised with respect to those for the early
HRF [1]. This step was taken to ensure that no variance
was shared between the two response functions. The
parameter estimates for a series of planned contrasts
were obtained in each participant’s data separately for
the early and late covariates. All the fMRI contrasts
were confined to test trials associated with correct
decisions.
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The participant-specific contrast images were entered
into one sample t-tests (df=11). Regions sensitive to
recognition memory regardless of study context were
identified as those voxels common to each of the three
‘old-new’ contrasts (neutral-new; negative-new; posi-
tive-new; each thresholded at P�0.05 uncorrected).
For the planned contrasts between the old words be-
longing to each type of context a statistical threshold of
t=4.02 was employed, corresponding to an uncor-
rected P�0.001. Only activations involving contiguous
clusters of at least 4 voxels were interpreted. The max-
ima of suprathreshold regions were localised using a
combination of the participants’ normalised structural
images and the stereotaxic atlas of Talairach and
Tournoux [57].

3. Results

3.1. Beha�ioural data

The mean valence for the negative, neutral and posi-
tive sentences were 2.38 (S.D.=0.52), 0.21 (0.14) and
1.61 (0.28), respectively. These means differed reliably
[(F(1.20,12.80)=327.82, P�0.001); d.f.s adjusted by
the Greenhouse–Geisser procedure]. A t-test contrast-
ing the absolute differences between negative and neu-
tral ratings (mean=2.60) and positive and neutral
ratings (mean=1.40) was also significant (t(11)=
64.93, P�0.001), indicating that the negative contexts
attracted the more extreme ratings.

Hit rates for words from the negative, neutral and
positive sentences, along with correct rejection rates
and associated reaction times, are shown in Table 1.
ANOVA conducted on the proportion of correct re-
sponses (negative hits, neutral hits, positive hits, correct
rejections) revealed a main effect of condition (F(2.7,
29.50)=12.59, P�0.001). Tukey HSD tests revealed
that the participants made a higher proportion of cor-
rect responses to new words than to any type of old
word. Planned pairwise comparisons between the
classes of old items (negative, neutral, positive) were
not significant, nor were analogous comparisons be-
tween reaction times for these items.

3.2. fMRI data

3.2.1. Old �ersus new
As illustrated in Fig. 1 and documented in Table 2, a

number of regions were identified that were common to
the three possible old versus new contrasts. Among
these regions were left lateral parietal cortex, precuneus,
anterior and posterior cingulate, and bilateral prefron-
tal cortex. These regions correspond closely to those
reported in several other recent event-related fMRI
studies of recognition memory (e.g. [21,26]; see [47] for
review).

3.3. Retrie�al of negati�e context

Regions sensitive specifically to the retrieval of nega-
tive context were identified by contrasts between the
responses elicited by old items from negative vs. neutral
contexts (Table 3). The contrast employing the early
HRF revealed several regions with enhanced responses
to negative items (Table 3a). These regions included
right dorsolateral prefrontal cortex, cuneus, and lateral
and medial temporal regions including bilateral supe-
rior temporal cortex, left anterior temporal cortex,
hippocampus, amygdala and primary auditory cortex.
The same contrast modelled with the late HRF (Table
3b) revealed activation in temporal lobe regions includ-
ing left superior temporal cortex and left insula, as well
as activation in right posterior cingulate, para-
hippocampal, and extrastriate cortex.

A subset of the foregoing regions were also identified
in the contrast between responses elicited by items from
the negative vs. positive contexts. When modelled with
the early HRF enhanced activity was found in the
cuneus (44 voxels, xyz= −4,−84,20, Z=4.84) and
anterior temporal cortex (6 voxels xyz = −48, 6, 4,
Z=3.23). Enhanced activity was also found in the left
anterior insula when the threshold was reduced to
P�0.005 (81 voxels xyz= −40, 2, 6, Z=2.80). When
responses were modelled with the late HRF enhanced
activity was found in the left anterior insula (12 voxels,
xyz= −44, 10, −4, Z=3.67). Enhanced activity was
also found in superior temporal lobe when the
threshold was reduced to P�0.005 (5 voxels, xyz= −
56, −50, 12, Z=2.87).

3.4. Retrie�al of positi�e context

Regions showing a greater response to items from the
positive versus neutral contexts are given in Table 4.
These regions included right anterior prefrontal cortex,
left inferior prefrontal cortex, bilateral orbitofrontal
cortex and an anterior medial temporal region (Table
4a). Two further regions, right precentral gyrus and left
inferior prefrontal cortex, were identified from the con-
trast performed on parameter estimates derived from
the late covariate (Table 4b).

Table 1
Behavioural data from experimenta

Neutral hitNegative hit Positive hitCR

0.690.630.680.85Proportion
(0.14) (0.15)(0.14) (0.15)

11771198Reaction 1283 1184
(361)time (ms) (330) (296)(330)

a Mean proportions (S.D. in brackets) of correct rejections, nega-
tive hits, neutral hits and positive hits along with associated reaction
times.
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Fig. 1. Maximum intensity projections illustrating voxels common to each of the three ‘old-new’ contrasts (see text); Early: regions identified by
modelling responses with the early HRF. Late: regions identified using the late HRF (see Section 2).

The contrast between the positive and negative con-
texts revealed enhanced activity for items from the
positive contexts in only one of the foregoing areas,
namely the left orbitofrontal cortex (14 voxels xyz= −
2, 46, −18, Z=3.52). However, the same effect was
also observed in the right orbitofrontal cortex when the
threshold was reduced to P�0.005 (63 voxels xyz=2,
36, −24, Z=3.04).

Selected regions activated during the retrieval of neg-
ative and positive contexts are shown in Fig. 2 and Fig.
3 respectively. Percent signal change associated with
contrasts between responses to items from neutral con-
texts with those from each of the two emotional con-
texts are shown for selected regions in Fig. 4.

3.5. Valence-nonspecific acti�ations

Voxels common to the contrasts employed to investi-
gate valence-specific effects were assessed by masking
the results of one of the contrasts by the other, both
thresholded at P� .001. No regions of overlap were
found.

4. Discussion

4.1. Beha�ioural performance

Items encoded in the neutral, negative and positive
contexts were recognised with equivalent levels of accu-
racy, and with comparable RTs. These findings are
inconsistent with previous reports that emotionally va-
lenced contexts enhance memory (as indexed by free
recall) for pre-experimentally neutral stimuli [39,40].
However, there is evidence that the effects of emotion-
ality on memory increase with time [28], so it is possible
that the effects of the present emotionality manipula-
tion would have become more evident with a longer
study-test interval. It is also possible that simple yes/no
recognition memory, as opposed to recall, was not
sufficiently sensitive to detect differences in memory
arising from the context manipulation. Indeed, in a
study with an encoding task similar to the one em-
ployed here [33], items studied in emotional contexts
were more likely to be recognized than were items from
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neutral contexts, and were also more likely to be at-
tributed to the correct ‘source’ (i.e. emotional vs. neu-
tral sentence). These findings suggest that the context
manipulation employed here most likely did modulate
episodic memory. On a positive note, the failure to find
context effects on recognition accuracy or RT in the
present study makes it unlikely that differences in the
BOLD responses elicited by items from the different
contexts reflect differences attributable to variables such
as speed or confidence of associated recognition
judgements.

The finding that negative sentences received more
extreme valence ratings than did the positive sentences
complicates the interpretation of the fMRI findings.
Whereas effects that were larger for the retrieval of
positive than negative contexts can be attributed with
some confidence to valence-sensitive processes, this is
not true for effects in the opposite direction. In this

case, it is not possible to distinguish between the possi-
bilities that the fMRI effects reflect processes sensitive
specifically to the retrieval of negative memories, as
opposed to the retrieval of memories eliciting relatively
high levels of emotional ‘arousal’ [19].

4.2. fMRI data

The principal aim of this study was to identify neural
systems activated by incidental retrieval of contextual
emotional information by using a novel procedure
which unconfounds the emotionality of the retrieval cue
and to-be-retrieved information. The findings indicated
that retrieval of such information was associated with
activation of several regions previously implicated in
emotional processing (see [30] for review), including the
amygdala and orbitofrontal cortex. In addition, re-
trieval of items encoded in emotional, relative to neu-

Table 2
Maxima within regions showing common signal increases (to 3 old/new contrasts, see text) on the early (a) and late (b) covariates for the old
versus new contrast

L/R Number of voxelsRegion of activation Talairach co-ordinates Brodmann area

zyx

(a) Early
64L 12 107 −20Superior frontal

−4 52 0 10Medial frontal L 5
10 24 −12 11Medial frontal R 4

10−444−48Middle frontal 33L
38 34 −10 47Inferior frontal R 13

L 19 −52Inferior frontal 30 −10 47
47−818−48Inferior frontal 13L

L 38 −38Precentral 4 34 6
−16 −28 −8 28LParahippocampal 21

R 6 4Cingulate −28 34 31
R 50 4Posterior Cingulate −54 18 23
L 180 −6Precuneus −58 36 7

−4252 39L 26Superior temporal/inferior parietal −58
Superior parietal 16 −36L −62 56 7
Inferior parietal 40R 15 34 −68 7

(b) Late
L 157 −20Superior frontal 64 6 10

16 56 14 10RSuperior frontal 8
R 255 −34Middle frontal 54 −4 10

484619L 11Middle frontal −14
L 3622Middle frontal −4211 8

8LAnterior cingulate −2 38 20 32
22 3222Anterior cingulate 12R 4

Inferior frontal L 64 −22 22 −16 47
452020−52Inferior frontal 25L

L 15 −16Inferior frontal 8 4420
−18 23227RPosterior cingulate 24
−36L 24 23108 −2Posterior cingulate
−38L −4 215 −42Middle temporal

4052−50−44Inferior parietal 61L
−44 −64 38 39Inferior parietal 236L

R 40Inferior parietal 40−64366
1820−100−164LCuneus
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Table 3
Maxima within regions showing significant (P�0.001 uncorrected) signal increases for early (a) and late (b) covariates for the negative versus
neutral contrast

Number of voxels Talairach co-ordinatesRegion of activation Peak Z Brodmann area

x y z

(a) Early
34 44 30 12 3.88 46Middle/inferior frontal R

4 54 24R 2Inferior frontal 3.68 45
LAnterior temporal 17 −30 6 −18 3.81 34

4 −26 −8Amygdala −24L 3.46 34
5 −40 −14R −16Anterior temporal 3.36 28/34

LHippocampus 19 −30 −18 −20 3.89 28
LTransverse temporal 28 −44 −22 12 3.89 41

10 66 −28R 0Middle temporal 3.84 21
RSuperior temporal 12 64 −42 18 3.43 22

Superior temporal 17L −62 −34 18 3.42 22
15 −8 −78 24 3.69L 18Cuneus/precuneus

(b) Late
17 −24Superior frontal 44L 30 3.79 9
8 34 42R 36Middle frontal 3.73 9

RPrecentral 12 50 4 18 3.69 44/6
LInsula 9 −46 0 −2 3.52 22

8 12 −52R −2Parahippocampal 3.41 30/19
12 −50 −56Superior temporal 16L 3.5 22/39
49 4 −54R 22Posterior cingulate 3.83 23/31

Lingual 23R 26 −64 0 3.82 18/19

Table 4
Maxima within regions showing significant (P�0.001) signal increases on the early (a) and late (b) covariates for the positive versus neutral
contrast

Number of voxels Talairach co-ordinates Peak Z Brodmann areaRegion of activation

x y z

(a) Early
5 36Superior/middle frontal 58R 18 3.43 10
7 6 48 −18 3.45 11Medial orbitofrontal R

13 −4 46L −14Medial orbitofrontal 3.51 11
LInferior frontal 9 −48 30 10 3.84 46

4 60 8 14 3.27Inferior frontal 44R
6 −36 4L −18Anterior temporal 3.83 34

LFusiform 5 −54 −10 −24 3.27 20
4 −44 −38 16Superior temporal 3.46L 22
7 30 −84R 16Middle occipital 3.59 18

RInferior occipital 4 42 −86 −6 3.5 18

(b) Late
8 50 0R 16Precentral 4.89 6
4Inferior frontal −28L 14 14 4.63 44

tral contexts was associated with activation in regions
thought to play a more general role in episodic re-
trieval, notably the prefrontal cortex and hippocampus.
Since a single class of retrieval cue (neutral words) was
employed to elicit both neutral and emotional memo-
ries, these findings cannot be attributed to differential
retrieval ‘sets’ that may be adopted when the emotional
valence of the retrieval cue predicts the valence of the
stored information (the situation in most studies of

emotional memory), or to any other kind of interaction
between emotionally valenced cues and the memories
they elicit.

Relative to items from neutral contexts, items from
the negative contexts elicited enhanced activity in left
amygdala. This finding does not, however, appear to be
strongly valence-specific; the direct contrast between
items from negative and positive contexts failed to
reveal differential amygdala activity and, as can be seen
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Fig. 2. Selected regions identified by the contrast between items from negative vs. neutral contexts (thresholded at P�0.005 uncorrected),
displayed on normalised EPI images averaged across all participants. Hippocampal, amygdala and right prefrontal cortex were identified in
contrasts employing the early HRF, insula and posterior cingulate were identified with the late HRF (see Section 2).

in Fig. 4, items from the positive contexts also tended
to elicit activity in this structure (z=2.62, P�0.005).
The finding of amygdala activation during the inciden-
tal retrieval of emotional context builds on the recent
finding of the engagement of this structure during
recognition memory of emotional items, regardless of
their valence [11]. These authors proposed that the role
of the amygdala in episodic retrieval was to tag re-
trieved memories with ‘representations of their be-
havioural significance’ [59]. The present findings are
consistent with this proposal, in as much as it implies
that amygdala activation is a consequence, rather than
a precursor, of the retrieval of emotionally valenced
episodic memories. As noted already, because of the use
of a single class of retrieval cue, activity dependent on
the encoding context of the cue must have followed,
rather than preceded, the retrieval of the contextual
information.

The finding of orbitofrontal cortex activation during
the retrieval of positive contexts is consistent with
evidence that this region plays a role in emotional
processing. For example, previous neuroimaging studies
have reported orbitofrontal activation during the recol-
lection of happy and sad life events [18,38], and in the
appraisal of reward [44]. In addition, clinical studies
have shown that orbitofrontal lesions are associated
with abnormal social behaviour [10,46] hypothesised to
result from impairments in decision making ([3]; also
see [9]), and in the control and correction of reward-
and punishment-related behaviour [45]. The present

Fig. 3. Orbitofrontal regions identified by the contrast between items
from positive vs. neutral contexts using the early HRF (thresholded
at P�0.005 uncorrected). Note that the activated regions are in
tissue unaffected by susceptibility artefact.

Fig. 4. Percent signal change and associated standard errors for
positive vs. neutral and negative vs. neutral contrasts at regions
indicated. Contrasts used the early HRF (see Section 2).
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findings add further to the foregoing observations in
that they suggest that orbitofrontal cortex is engaged
by the retrieval of memories that have been associated
with positive (and, presumably, ‘rewarding’) emotional
contexts. Furthermore, the sensitivity of this region for
retrieval of emotionally positive contextual information
suggests that in some circumstances orbitofrontal cor-
tex is engaged preferentially by emotionally positive,
rather than emotionally negative, information (c.f. [36]).

Other than the amygdala and orbitofrontal cortex,
we identified several other regions which previous re-
search has implicated in the processing of emotion,
including anterior temporal cortex [11,25], posterior
cingulate cortex [15,32,41], and anterior insula [6,29,42].
The finding that retrieval of both negative and positive
contextual information is associated with anterior tem-
poral activation accords with Mesulam’s [35] proposal
that this region plays a role in imparting affective
valence to experience. With respect to the findings for
the posterior cingulate, it is noteworthy that Maddock
[31] proposed that the caudal part of the posterior
cingulate cortex [including but not limited to the retros-
plenial cortex and encompassing the ‘posterior cingu-
late’ regions (BA 23, 31) activated in the present study]
acts as an ‘interface’ between emotion and episodic
memory. The present findings are consistent with this
proposal. However, posterior cingulate activation has
been reported in a number of recent event-related stud-
ies of episodic retrieval of emotionally neutral informa-
tion [12,20,21]. The present findings may, therefore,
reflect enhancement of activity in circuits subserving
episodic retrieval in general, rather than systems spe-
cialised for the processing of emotion.

Finally, left anterior insula, identified in both the
negative vs. neutral and negative vs. positive contrasts,
has been linked with the processing of disgust [54],
generation of sadness [29,43] and emotional learning
and fear conditioning [6]. The present findings, which
are consistent with these observations, may reflect the
fact that autonomic activity triggered by the retrieval of
negative contexts was greater than that triggered by
retrieval of positive or neutral information. This sug-
gestion is consistent with the proposal that the insula is
involved in representing somatic states [8].

In addition to the findings for regions thought to
support emotional processing, retrieval of the both
positive and negative contexts was associated with the
enhanced activity in regions implicated more generally
in episodic memory retrieval (for reviews see
[4,7,34,55]). Most notable among these regions were left
and right prefrontal cortex, and left hippocampus. Sev-
eral proposals have been advanced as to the functional
significance of right prefrontal activation during
episodic retrieval [24,48,51,52]. The present findings are
most consistent with the proposal that this region sup-
ports ‘post-retrieval’ processes, specifically, operations

involved in the monitoring and evaluation of the prod-
ucts of retrieval [21,22,52]. According to this interpreta-
tion, retrieval of emotional contexts, either by virtue of
the amount or the salience of the retrieved information,
engaged these post-retrieval processes to a greater ex-
tent than did retrieval of emotionally neutral informa-
tion. It is also possible, however, to interpret the right
frontal effects observed here in terms of the ‘retrieval
effort’ hypothesis of right prefrontal function in
episodic retrieval [50]; by this argument, the effects
reflect the additional resources allocated to recover
emotional versus non-emotional information.

Another region implicated in episodic memory and
identified in the present study was the hippocampus.
For reasons that remain unclear, hippocampal activa-
tion in episodic retrieval tasks has been observed incon-
sistently in functional neuroimaging studies ([47]; but
see [56]), and this is one of the first event-related studies
to report such activation (see also [13]). There are two
possible kinds of interpretation for this finding. It may
reflect a role for the hippocampus in the recollection of
contextually- or information-rich memories. This inter-
pretation is consistent both with the finding that items
from negative versus neutral contexts elicit greater ‘rec-
ollection-related’ ERP effects [33], and with the results
of previous PET and fMRI studies [13,49]. Alterna-
tively, the greater hippocampal activity for items from
negative contexts may reflect processing ‘downstream’
from contextual retrieval. For example the activity
might form part of a re-instatement of the initial encod-
ing episode, or reflect ‘re-encoding’ operations set in
train by the retrieval of emotionally arousing or salient
information.

The foregoing discussion is predicated on the as-
sumption that the effects we observed reflect the conse-
quences of the explicit retrieval of the test words’ study
contexts. It is possible, however, that some of these
effects reflect memory in the form of conditioned emo-
tional responses, brought about the association of the
study words with the emotions aroused by the contexts
in which they were embedded. For example, stimuli
that have been associated with negative emotion have
been shown in several studies to activate the amygdala
(see [5] for review; see also [23]). We cannot discount
the possibility that similar processes may have been
operating in the present study. One aim of future
research should be to dissociate the effects of these two
forms of memory.

In summary, we provide evidence that neural activity
mediating episodic retrieval and subsequent processing
of retrieved information are modulated in at least two
ways by emotion. First, there is enhancement of activity
in regions subserving episodic retrieval in general. Sec-
ond, regions activated when emotional information is
encountered externally in the environment are reacti-
vated when that information is subsequently retrieved.
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