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Amygdala Activity Is Associated with the Successful
Encoding of Item, But Not Source, Information for Positive
and Negative Stimuli
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It has been debated whether the link between amygdala activity and subsequent memory is equally strong for positive and negative
information. Moreover, it has been unclear whether amygdala activity at encoding corresponds with enhanced memory for all contextual
aspects of the presentation of an emotional item, or whether amygdala activity primarily enhances memory for the emotional item itself.
In the present functional magnetic resonance imaging study, participants encoded positive and negative stimuli while performing one of
two tasks (judgment of animacy or commonness). Amygdala activity at encoding was related to subsequent memory for the positive and
negative items but not to subsequent memory for the task performed. Amygdala activity showed no relationship to subsequent-memory
performance for the neutral items. Regardless of the emotional content of the items, activity in the entorhinal cortex corresponded with
subsequent memory for the item but not with memory for the task performed, whereas hippocampal activity corresponded with subse-
quent memory for the task performed. These results are the first to demonstrate that the amygdala can be equally engaged during the
successful encoding of positive and negative items but that its activity does not facilitate the encoding of all contextual elements present
during an encoding episode. The results further suggest that dissociations within the medial temporal lobe sometimes noted for non-
emotional information (i.e., activity in the hippocampus proper leading to later memory for context, and activity in the entorhinal cortex
leading to later memory for an item but not its context) also hold for emotional information.

Key words: amygdala; emotion; encoding; entorhinal cortex; fMRI; hippocampus

Introduction
Emotional information often is remembered more accurately
and persistently than nonemotional information. Animal re-
search has demonstrated that this emotional memory boost is
mediated, at least in part, by amygdalar modulation of hip-
pocampal consolidation (Cahill and McGaugh, 1998; Phelps and
LeDoux, 2005). Neuroimaging and patient studies have provided
additional evidence that amygdala– hippocampal interactions
can underlie humans’ enhanced memory for emotional informa-
tion (Phelps, 2004).

Amygdala activity corresponds not only with the likelihood of
remembering an emotional item but also with the feeling that it is
remembered vividly (Dolcos et al., 2004; Kensinger and Corkin,
2004; Sharot et al., 2004). There currently is debate, however,
about the role of the amygdala in encoding event details (Kens-
inger, 2004; Adolphs et al., 2005). Although amygdala activity
corresponds with memory for some details (whether an item was

seen or imagined) (Kensinger and Schacter, 2005a,b), the gener-
ality of this finding is unclear. At a behavioral level, emotion can
enhance memory for some details, while having no effect, or a
detrimental one, on memory for other details (Adolphs et al.,
2001). Moreover, studies of patients with amygdalar damage
have suggested that the region plays a role in memory for gist
rather than for the details of the presentation of an item (Adolphs
et al., 2005).

In the present study, participants viewed positive, negative,
and neutral items and judged whether they were (1) animate or
(2) commonly encountered. We investigated the neural processes
leading to successful “item-and-source” memory (i.e., memory
for both the item and the judgment) and those leading to “item-
not-source” memory. A central goal was to examine whether
amygdala activity would correspond with subsequent item-and-
source memory. The design also allowed investigation of the role
of other medial temporal-lobe regions in the successful encoding
of emotional items. For nonemotional information, hippocam-
pal activity corresponds with the mnemonic binding of an item to
its context (item-and-source memory), whereas activity in the
entorhinal cortex is related to the establishment of memory for an
item but not for its context (item-not-source memory) (Davachi
and Wagner, 2002; Davachi et al., 2003; Ranganath et al., 2004).
The present study examined whether these dissociations within
the medial temporal lobe would hold for emotional information.
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Another goal of this study was to examine whether the rela-
tionship of the amygdala to successful encoding would be com-
parable for positive and negative stimuli. At a behavioral level,
individuals often indicate that they remember negative informa-
tion more vividly than positive information (Ochsner, 2000), and
the trade-off between memory for gist and memory for detail can
be more pronounced for negative than for positive events (Den-
burg et al., 2003). Thus, it is plausible that the amygdala has
disparate influences on memory for positive and negative infor-
mation. Although extensive research in animals and humans has
suggested a critical role for the amygdala in processing reward-
related stimuli (Hamann, 2001; McGaugh, 2004), neuroimaging
studies examining the link of the amygdala to subsequent mem-
ory have primarily focused on negative stimuli. This study inves-
tigated whether the relationship of the amygdala to memory for
items and their contexts would differ based on the valence of the
item.

Materials and Methods
Participants. Participants were 21 right-handed native English speakers
(11 men) between the ages of 18 and 35 and with no history of psychiatric
or neurological disorders. No participant was taking any medication that
would affect the CNS, and no participant was depressed. Informed con-
sent was obtained from all participants in a manner approved by the
Harvard University and Massachusetts General Hospital Institutional
Review Boards.

Materials. Stimuli included 360 words (120 positive and arousing, 120
negative and arousing, 120 neutral) and 360 pictures (120 positive and
arousing, 120 negative and arousing, 120 neutral). Words were selected
from the Affective Norms for English Words (ANEW) database (Bradley
and Lang, 1999) and were supplemented with additional neutral words.
Pictures were selected from the IAPS (International Affective Picture
System) database (Lang et al., 1997) and supplemented with additional
neutral pictures. Words and pictures were chosen so that positive and
negative words and positive and negative pictures were equated in
arousal and in absolute valence (i.e., distance from neutral valence).

Positive, negative, and neutral words were matched in frequency, fa-
miliarity, imageability, and word length, as determined by normative
data in the ANEW database (Bradley and Lang, 1999) and in the MRC
psycholinguistic database (Coltheart, 1981). Positive, negative, and neu-
tral pictures were matched for visual complexity [as rated by five young
adults who did not participate in the magnetic resonance imaging (MRI)
study], brightness [as assessed via Adobe Photoshop (Adobe Systems,
San Jose, CA)], and the number of stimuli that included people, animals,
or buildings and landscapes. In addition, because participants were asked
to determine whether words and pictures described or depicted some-
thing (1) animate or (2) common (see below), stimuli were selected such
that approximately half of the stimuli from each emotion category re-
ceived a “yes” response to each question.

Procedure. Participants were scanned as they viewed 180 words and
180 pictures (60 from each emotional category). Each word or picture
was presented for 2500 ms. Preceding half of the stimuli was the prompt
“Animate?,” and the prompt “Common?” preceded the remaining stim-
uli. The prompt was presented for 500 ms and indicated the question that
participants should answer as they viewed the upcoming stimulus. Par-
ticipants were instructed to respond “yes” to the “Animate?” prompt if a
picture included an animate element or if a word described something
animate [either the name of something animate (e.g., snake) or a word
that would generally be used in reference to something animate (e.g.,
laugh)] and otherwise to respond “no.” Participants were asked to re-
spond “yes” to the “Common?” prompt if the stimulus depicted or de-
scribed something that they would encounter in a typical month.[The
patterns of activity were comparable for items encoded with the two tasks
(judgments of animacy versus commonness) so all reported results col-
lapse across the two tasks.] Words and pictures from the different emo-
tion categories and prompt conditions were pseudorandomly inter-

mixed, with interstimulus intervals ranging from 4 to 14 s, to create jitter
(Dale, 1999).

Outside of the scanner, after an �30 min delay, participants per-
formed a surprise recognition task (debriefing indicated that no partici-
pant expected their memory to be tested). They were presented with 360
words and 360 pictures (120 from each emotion category), shown one at
a time on a computer screen. Items that had been presented while the
participant was in the scanner were intermixed with new items that had
not been studied, and half of the items from each emotion category were
unstudied items. The items that served as studied items versus as non-
studied foils were counterbalanced across participants. Care was taken to
assure that the items in each emotion category that were studied versus
unstudied were of comparable valence and arousal. In addition, studied
and unstudied words were chosen so that they did not differ in frequency,
familiarity, imageability, or word length, and studied and unstudied pic-
tures were selected to be of comparable visual complexity, brightness,
and general content (those with animals, people, or buildings/land-
scapes). For each item, participants were asked to indicate whether the
item was one they had seen in the scanner and had been asked to judge for
its animacy, was one they had studied in the scanner and had been asked
to judge for its commonness, or was a new item that they had not seen in
the scanner. Studied items assigned to the correct task were considered as
item-and-source responses; studied items assigned to the incorrect task
were considered to be item-not-source responses; and studied items
given a new response were considered to be “misses.”

Image acquisition and data analysis. Images were acquired on a 1.5 tesla
Siemens (Erlangen, Germany) Sonata MRI scanner. Stimuli were back-
projected onto a screen in the scanner bore, and participants viewed the
items through an angled mirror attached to the head coil. Detailed ana-
tomic images were acquired using a multiplanar rapidly acquired gradi-
ent echo sequence. Functional images were acquired using a T2*-
weighted echo planar imaging sequence (repetition time, 3000 ms; echo
time, 40 ms; field of view, 200 mm; flip angle, 90°). Twenty-nine axial-
oblique slices (3.12 mm thickness; 0.6 mm skip between slices) were
acquired in an interleaved manner.

All preprocessing and data analyses were conducted within SPM99
(Statistical Parametric Mapping; Wellcome Department of Cognitive
Neurology, London, UK). Standard preprocessing was performed on the
functional data, including slice-timing correction, rigid body motion
correction, normalization to the Montreal Neurological Institute tem-
plate (resampling at 3 mm cubic voxels), and spatial smoothing (using an
8 mm full-width at half-maximum isotropic Gaussian kernel).

For each participant, and on a voxel-by-voxel basis, an event-related
analysis was first conducted in which all instances of a particular event
type were modeled through convolution with a canonical hemodynamic
response function. The following events were modeled for each emotion
category (positive, negative, neutral) and for each item type (words, pic-
tures): subsequent item-and-source memory, subsequent item-not-
source memory, subsequent misses. Effects for each of these event types
were estimated using a subject-specific, fixed-effects model. These data
were then entered into a second-order, random-effects group analysis.
Contrast analyses were performed to examine subsequent-memory ef-
fects (e.g., item-and-source vs item-not-source) for pictures and words
of a particular emotion type. Conjunction analyses, using the masking
function in SPM, examined the regions shared between two contrasts.
The individual contrasts included in the conjunction analysis were ana-
lyzed at a threshold of p � 0.01 and with a voxel extent of 5 voxels [such
that the conjoint probability of the conjunction analysis, using Fisher’s
estimate (Fisher, 1950; Lazar et al., 2002), was p � 0.001].

To further explore the correlates of subsequent memory, region-of-
interest (ROI) analyses were performed, using the ROI toolbox imple-
mented in SPM (written by R. Poldrack, University of California, Los
Angeles, Los Angeles, CA). Spherical ROIs included all significant voxels
within an 8 mm radius of each chosen maximum voxel identified in the
group statistical map. Within each of these ROIs, a hemodynamic re-
sponse function was calculated for each individual subject and for each
condition type (relative to fixation baseline) as a function of peristimulus
time (0 –21 s). Statistics were performed on the maximum (peak) per-
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centage signal change reached within peris-
timulus times 3–15 s. These peak signal change
values are displayed in the figures.

All activations are presented in neurological
coordinates (i.e., activity on the right hemi-
sphere is presented on the right side of the brain
images). Voxel coordinates are reported in Ta-
lairach coordinates (Talairach and Tournoux,
1998) and reflect the most significant voxel
within the cluster of activation.

Results
Behavioral results
An ANOVA conducted on the responses
to the studied items with emotion type
(positive, negative, neutral), memory
type (item-and-source, item-not-source,
miss), and item type (picture, word) as
within-subject factors revealed a significant effect of memory
type (item-and-source � item-not-source � miss; F(2,19) � 42.7;
p � 0.001; partial �-squared � 0.82), an interaction between
memory type and item type (item-and-source memory greater
for pictures than for words; misses more likely for words; F(2,19) �
8.47; p � 0.01; partial �-squared � 0.47), and an interaction
between emotion type and memory type (F(4,17) � 38.3; p �
0.001; partial �-squared � 0.9). The interaction between emo-
tion type and memory type reflected the fact that although all
three types of memory were comparable for the positive and
negative items (all p � 0.2), item-not-source memory was signif-
icantly more likely to occur for the positive (27% for pictures,
29% for words) and negative (30% for pictures, 28% for words)
items than for the neutral items (17% for pictures, 18% for
words; t(20) � 3.6; p � 0.01), whereas misses were significantly
less likely to occur for the positive (13% for pictures, 20% for
words) and negative (9% for pictures, 21% for words) items than
for the neutral items (18% for pictures, 25% for words; t(20) �
2.5; p � 0.05). The likelihood of item-and-source memory was
not affected by emotion type (57% for positive items, 57% for
neutral items, 56% for negative items). Thus, positive and nega-
tive items were more likely than neutral items to be identified as
studied stimuli, but emotion did not enhance the likelihood that
participants remembered the task that they had performed with
an item (Table 1).

Subsequent-memory functional MRI results
To examine the regions in which activity was associated with
source memory for both the positive and the negative items, a
conjunction analysis was performed to identify the regions that
were active in the two contrast analyses of positive item-and-
source � positive item-not-source and negative item-and-
source � negative item-not-source (Table 2). This analysis was
conducted separately for pictures and words and also for all stim-
uli (combining data from pictures and words). Of most interest,
these analyses revealed that activity in the left anterior hippocam-
pus showed this relationship to subsequent source memory, re-
gardless of stimulus type (picture or word). Time courses ex-
tracted from this left anterior hippocampal region revealed that
its activity was related to item-and-source memory for the neu-
tral items as well as for the positive and negative items (Fig. 1A).
This finding is consistent with previous studies demonstrating
that the hippocampus plays a critical role in supporting the en-
coding of contextual or relational information present during an
encoding episode (Sperling et al., 2001; Davachi and Wagner,
2002; Davachi et al., 2003; Prince et al., 2005) and further indi-

cates that this region is involved in the contextual encoding of
emotional as well as neutral stimuli. A second region of the me-
dial temporal lobe, spanning the right posterior hippocampus
and parahippocampal gyrus, also showed a correspondence to
subsequent item-and-source memory. This region, however, was
related to subsequent recognition only for pictures and not for
words (Table 1, Fig. 1B). Given the role of the right hippocampus
and parahippocampal gyrus in processing visuospatial informa-
tion (Burgess et al., 2002; Henson, 2005; Sommer et al., 2005), it
makes good sense that this region would show a selective corre-
spondence to subsequent memory for pictures but not for words.

To examine the regions that were related to encoding of item
information for both the positive and the negative items, a con-
junction analysis was computed to identify the regions that were
active in the two contrast analyses of positive item-not-source �
positive miss and negative item-not-source � negative miss.
These conjunction analyses were conducted separately for pic-
tures and words and also for all stimuli (collapsing data from

Table 2. Regions in which activity corresponded with subsequent item-and-source
memory for both the positive and the negative stimuli

Region Hemisphere

Talairach
coordinates
(x, y, z)

Approximate
Brodmann
area

Pictures
Middle frontal gyrus L �30, 11, 51 6
Orbital frontal gyrus R 45, 46, �12 10/11

L �24, 26, �11 11
Superior temporal gyrus R 41, 15, �23 38
Medial temporal gyrus R 45, �9, �9 21
Hippocampus L �30, �12, �12
Hippocampus/parahippocampal gyrus R 39, �21, �12

R 45, �24, �19
Thalamus R 6, �17, 12

Words
Superior parietal lobe R 22, �47, 60 5
Superior temporal gyrus R 46, 3, 4 22

R 32, 15, �21 38
Inferior/middle temporal gyrus L �52, �35, �3 20/21
Hippocampus L �30, �12, �15

All items
Superior frontal gyrus L �9, 10, 61 6
Superior parietal lobule R 24, �47, 55 5
Superior temporal gyrus R 39, 13, �28 38
Hippocampus L �36, �15, �14
Hippocampus/parahippocampal gyrus R 15, �35, �6
Striatum R �18, �6, �5

L, Left; R, right.

Table 1. Mean (SE) retrieval responses as a function of emotion

Presented items New items

Item-and-source Item-not-source Miss Correct rejections False alarms

Pictures
Negative 0.61 (0.04) 0.30 (0.04) 0.09 (0.04) 0.93 (0.01) 0.04 (0.01)
Positive 0.61 (0.04) 0.27 (0.04) 0.13 (0.02) 0.92 (0.02) 0.04 (0.01)
Neutral 0.62 (0.04) 0.17 (0.02) 0.18 (0.02) 0.94 (0.02) 0.03 (0.01)

Words
Negative 0.52 (0.03) 0.28 (0.03) 0.21 (0.02) 0.79 (0.04) 0.09 (0.02)
Positive 0.54 (0.04) 0.29 (0.02) 0.20 (0.03) 0.83 (0.04) 0.08 (0.02)
Neutral 0.52 (0.04) 0.18 (0.03) 0.25 (0.02) 0.88 (0.03) 0.06 (0.02)

All items
Negative 0.56 (0.03) 0.30 (0.02) 0.15 (0.02) 0.87 (0.03) 0.06 (0.01)
Positive 0.57 (0.03) 0.28 (0.02) 0.16 (0.02) 0.88 (0.03) 0.06 (0.01)
Neutral 0.57 (0.04) 0.17 (0.02) 0.22 (0.02) 0.91 (0.02) 0.04 (0.01)
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pictures and words). These analyses revealed a network of regions
(Table 3), consistent with those previously implicated in subse-
quent memory performance (Wagner et al., 1999; Paller and
Wagner, 2002). Of note, for both pictures and words, the amyg-
dala and entorhinal cortex showed a relationship to subsequent
item-not-source memory. The time course analyses from these
regions revealed that the amygdala showed a comparable rela-
tionship to subsequent-memory responses for the positive and
the negative stimuli. For both valences of emotional stimuli,
amygdala activity corresponded with memory for the item but
not with memory for the source information: amygdala activity
was equally high for all subsequently remembered positive and
negative items, regardless of whether or not the task was remem-
bered. This relationship to item-not-source memory in the right
amygdala was consistent for both men and women [see Cahill
(2003) and Hamann (2005) for discussion of sex effects with
regard to amygdala laterality], with no sex-related differences in
laterality or in the magnitude of the effect within the right amyg-
dala. [Although this null effect must be interpreted cautiously,
and could stem in part from the relatively small group-
comparison sample size of 11 men and 10 women, it also is plau-
sible that sex-related laterality effects are larger when tasks en-
courage the monitoring of emotional responses and are less
pronounced with encoding tasks, such as those used here, that do
not require attention to be focused on the emotion elicited by the
stimuli (for further discussion, see Kensinger and Schacter,
2006a).] The amygdala showed no memory-related activity for

the neutral items (Fig. 2A). In contrast, the
entorhinal cortex showed a relationship to
item memory for the neutral items and
also for the positive and negative items: for
all item types, activity was greater for items
remembered without their source than for
items later forgotten (the response to
items remembered with their source was
nonsignificantly in between the response
to items remembered without their source
and the response to items later forgotten)
(Fig. 2B).

Comparison of activity in the amygdala,
entorhinal cortex, and
hippocampus proper
To further examine the robustness of the
dissociations noted above, we defined re-
gions of the medial temporal lobe in an
unbiased manner as those regions that
were more active during the encoding of
pictures or words than during the baseline
(fixation) task. Thus, any regions identi-
fied in this analysis were defined without
regard to their relationship (or lack
thereof) to subsequent-memory perfor-
mance or to the emotion type of the stim-
uli (positive, negative, neutral). From this
contrast, we defined regions of the right
amygdala (Talairach coordinates: 28, �2,
�20), left entorhinal cortex (�20, �10,
�23), left anterior hippocampus (�35,
�16, �33), and right posterior hippocam-
pus/parahippocampal gyrus (24, �26,
�3). We extracted the signal change time
courses from these regions, computed the

maximum signal change (compared with the baseline) that oc-
curred within 3–15 s peristimulus time, and performed an
ANOVA on these peak signal change values with item type (pic-
ture, word), emotion type (positive, negative, neutral), memory
type (item-and-source, item-not-source, miss), and region (an-
terior hippocampus, posterior hippocampus/parahippocampal
gyrus, entorhinal cortex, amygdala) as within-subjects factors.
Critically, this ANOVA revealed an interaction between region
and memory type ( p � 0.05; partial �-squared � 0.41; with
activity in the hippocampal regions relating to item-and-source
memory and activity in the entorhinal cortex and amygdala re-
lating to item-not-source memory) and a three-way interaction
between region, emotion type, and memory type ( p � 0.01; par-
tial �-squared � 0.62; with activity in the amygdala relating to
subsequent memory for positive and negative but not for neutral
items and activity in all other regions showing comparable asso-
ciations with subsequent-memory performance for positive, neg-
ative, and neutral items). When only activity in the left anterior
hippocampus, right posterior hippocampus/parahippocampal
gyrus, and entorhinal cortex were included as regions in the
ANOVA (and not the amygdala), the analysis again showed an
interaction between region and memory type (highlighting the
distinct patterns of activity in the regions of the hippocampus
proper compared with the entorhinal cortex) but no three-way
interaction between emotion type, memory type, and region
(emphasizing that in all regions aside from the amygdala, there is
no effect of emotion type on the subsequent-memory relation-

Figure 1. Activity in the anterior (A) and posterior (B) hippocampus was related to the successful encoding of item-and-source
information for the negative, positive, and neutral items. In these hippocampal regions, encoding activity was equally low for
items remembered without their source (item-not-source) and items forgotten (miss). Error bars indicate SEM. neg, Negative;
pos, positive; neu, neutral; pict, picture.
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ship). Thus, the results from these analyses
replicated the results from the contrast
analyses discussed above (and depicted in
Figs. 1 and 2).

Discussion
The present results suggest three main
conclusions. First, activity in the amygdala
shows a comparable relationship to the
successful encoding of positive and nega-
tive information. There was no evidence
that the amygdala was differentially or dis-
proportionately related to memory for
negative items. These results are consis-
tent with recent studies that have demon-
strated that the amygdala can respond to
positive stimuli as well as negative stimuli
(Hamann et al., 1999; Small et al., 2003;
Anders et al., 2004) and, together with
other research conducted in humans (Ca-
hill et al., 1996; Kensinger and Corkin,
2004) and in animals (McGaugh et al.,
1996; Pelletier et al., 2005), converge on
the conclusion that the amygdala likely
plays a role in modulating memory for
high-arousal stimuli, regardless of their
valence.

Second, although amygdala activity
was related to the ability to remember that
a particular emotional item had been
studied, it did not correspond with mem-
ory for the task performed with either pos-
itive or negative items. These results con-
trast with a previous set of studies
demonstrating that amygdala activity can
relate to the likelihood that some types of
event details (whether an item was imag-
ined or perceived) are remembered (Kens-
inger and Schacter, 2005a,b). Thus, it ap-
pears that although the amygdala can
relate to memory for some event details,
there are conditions in which the amyg-
dala relates principally to memory for the item itself. These dif-
ferences in neural activity correspond with a different behavioral
pattern of performance in the two experiments: the ability to
distinguish seen from imagined items was significantly greater for
emotional items than for neutral ones (Kensinger and Schacter,
2005a,b, 2006b), whereas in the present study, memory for the
task performed was not enhanced by emotion. These results
highlight the fact that the presence of emotion does not enhance
memory for all aspects of an encoding episode and that amygdala
engagement at encoding does not ensure that all encoding details
will be accurately remembered.

This conclusion is broadly supported by studies of Adolphs
and colleagues (Adolphs et al., 2001; Denburg et al., 2003), who
have demonstrated that emotion enhances an individual’s ability
to remember information essential to a scene or story but reduces
an individual’s memory for less relevant scene or story details.
They also have provided evidence that this emotion-related effect
on memory may be mediated by the amygdala, as suggested by
the absence of the effect in individuals with amygdala damage
(Adolphs et al., 2005). The item-and-source memory assessments
in the present study are quite different from the gist and event

detail assessments used by Adolphs et al. (2005) (often assessed
using multiple-choice questions regarding the studied stories).
Nevertheless, the results of the present study converge with those
of Adolphs et al. (2005) in suggesting that amygdala engagement
at encoding can boost memory for some, but not all, aspects of
the presentation of an item. Because the present study did not
include separate assessments of memory for item gist, it is not
possible to determine the extent to which the amygdala-mediated
enhancement in item-not-source memory demonstrated here
corresponds with the amygdala-mediated enhancement in gist
memory suggested by the studies of Adolphs et al. (2005). Al-
though it is plausible that in the present experiment participants
were able to make accurate item recognition decisions based only
on memory for gist, it is equally possible that participants recog-
nized the scenes because of their memory for at least some of the
scene details. Future studies will be required to adjudicate be-
tween these alternatives.

More generally, additional research will be needed to better
understand the circumstances in which amygdala activity does,
and does not, relate to the encoding of event details. Given the
present data, it seems plausible that amygdala activity relates to

Table 3. Regions in which activity corresponded with subsequent item-not-source memory for both the positive
and the negative stimuli

Region Hemisphere

Talairach
coordinates
(x, y, z)

Approximate
Brodmann
area

Pictures
Superior frontal gyrus L �15, 48, 31 8/9
Inferior frontal gyrus L �48, 37, �13 47
Inferior temporal gyrus L �35, �65, 7 37
Fusiform gyrus R 42, �65, �8 18

R 30, �73, �11 18
Parahippocampal gyrus (entorhinal cortex) L �21, �10, �23
Amygdala R 28, �1, �23
Medial occipital gyrus L �40, �81, 8 19

Words
Orbital frontal gyrus R 33, 44, �2 10/11
Superior frontal gyrus R 17, �4, 39 6
Anterior cingulate gyrus R 2, 18, 17 24
Fusiform gyrus L �36, �62, �20 19/37

R 35, �76, �10 18
Parahippocampal gyrus (entorhinal cortex) L �37, �12, �26
Amygdala R 30, 3, �20
Cerebellum R 35, �75, �20

All items
Superior frontal gyrus L �3, 20, 43 8
Middle frontal gyrus L �42, 31, 29 9, 46
Inferior frontal gyrus R 33, 35, 1 45
Inferior parietal lobule L �27, �63, 28 7
Inferior temporal gyrus R 45, �67, 6 37
Fusiform gyrus R 24, �79, �9 18, 19

36, �76, �11 18, 19
42, �64, �2 19

L �27, �73, �1 18, 19
�30, �82, �6 18, 19
�36, �62, �17 19, 37

Parahippocampal gyrus (entorhinal cortex) L �37, �10, �25
Amygdala R 30, �4, �23
Inferior/middle occipital gyrus L �42, �78, 12 19
Inferior/middle occipital gyrus R 42, �78, 7 19
Lingual gyrus R 15, �79, �6 18
Orbital gyrus R 18, �98, 10 18
Cerebellum L �6, �51, �25

L, Left; R, right.
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the encoding of details that are intrinsically linked to the emo-
tional item itself (e.g., its physical appearance or its gist) but not
to elements that are more peripheral or extrinsic to the item [e.g.,
the task performed with the item; also see Mather et al. (2006) for
evidence that the neural processes supporting memory for spatial
location are disrupted by high arousal]. Thus, the role of the
amygdala during encoding of event details may depend on the
particular type of detail that is assessed.

The third conclusion to emerge from this study is that the
same regions of the medial temporal lobe that have previously
been shown to be related to the encoding of item-and-source or
item-not-source information for neutral items also show these
relationships to subsequent memory for positive and negative
items. In particular, encoding activity in the hippocampus proper
and posterior hippocampus/parahippocampal gyrus was related
to later memory for the task, whereas activity in the entorhinal
cortex was related to the ability to remember the item but not its
context. These results are consistent with previous studies that
have suggested that the hippocampus proper and posterior para-
hippocampal gyrus binds contextual elements of an encoding
episode into a stable memory trace, whereas the entorhinal cortex
leads to familiarity-based memory traces (Davachi and Wagner,
2002; Davachi et al., 2003; Ranganath et al., 2004; Prince et al.,
2005). Note, however, that other data have revealed conditions in
which encoding-related activity in multiple regions within the

medial temporal lobe is associated with
subsequent item-and-source memory
(Gold et al., 2005).

In summary, the results of the present
study suggest that amygdala activity at en-
coding influences the likelihood that an
emotional item is remembered and further
demonstrate that the relationship of the
amygdala to subsequent memory can be
equally strong for positive and negative
items. The current results also emphasize
that although amygdala activity can en-
hance the likelihood that information is
remembered vividly (Dolcos et al., 2004;
Kensinger and Corkin, 2004) and with
some additional detail (Kensinger and
Schacter, 2005a), amygdala activity does
not lead to enhanced memory for all con-
textual details of an encoding episode. It
may be that the amygdala primarily en-
hances memory for details directly linked
to an emotional item and plays less of a
role in modulating memory for contextual
elements that are tangential to the item
itself.
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