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bstract

Memories can be retrieved with varied amounts of visual detail, and the emotional content of information can influence the likelihood that
isual detail is remembered. In the present fMRI experiment (conducted with 19 adults scanned using a 3 T magnet), we examined the neural
rocesses that correspond with recognition of the visual details of negative and neutral items. Results revealed that a region of the left fusiform

yrus corresponded with retrieval of visual details for both negative and neutral items. Activity in the amygdala and orbitofrontal cortex, in contrast,
as related to retrieval of visual details only for negative items. Activity in these regions corresponded only with successful recognition, and not
ith false recognition, providing strong evidence that limbic engagement during retrieval does not correspond merely with a person’s belief that
etail has been recognized. Rather, limbic engagement appears to relate specifically to the successful recognition of information.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Memories can be retrieved with varying amounts of visual
nformation. Some memories include precise visual details,
hereas others lack visual specificity. There have been extensive
iscussions about whether emotional memories are remembered
ith more visual detail than non-emotional ones (Adolphs,
enburg, & Tranel, 2001; Kensinger, Garoff-Eaton, & Schacter,
006), and if so, what retrieval processes correspond with emo-
ion’s influence on the visual specificity of memory. The extant
euroimaging data have suggested that emotional items can be
ssociated with less visual activity at retrieval than neutral items
Dolcos, LaBar, & Cabeza, 2005; Sharot, Delgado, & Phelps,
004; but see Fenker, Schott, Richardson-Klavehn, Heinze, &

uzel, 2005), and these findings have been taken as evidence

hat emotional memories do not contain the same perceptual
etail as non-emotional memories (Sharot et al., 2004). How-
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ver, because these prior neuroimaging studies assessed only
articipants’ subjective beliefs about the vividness of their mem-
ries, they could not directly relate emotion’s modulation of
isual activity to the retrieval of visual detail.

In the present study, participants distinguished “same” items
identical to previously seen objects) from “similar” (same ver-
al label as previously seen objects, but different visual details)
nd “new” (unrelated) items. This design allowed assessment
f three questions relating to the link between visual activity
t retrieval and the visual specificity of memories. The first
uestion was whether amygdala engagement during retrieval
ould correspond with the retrieval of visual detail. It is unclear
hether retrieval-related amygdala activity biases a person to
elieve information is remembered vividly (Sharot et al., 2004)
r corresponds with retrieval of episodic detail (Kensinger &
chacter, 2005b; Smith, Stephan, Rugg, & Dolan, 2006). The
ost direct way to examine this issue is to compare veridical

ecognition with false recognition. The present study exam-
ned whether amygdala activity would correspond with accurate

etrieval of detail (i.e., would be greatest when same items were
orrectly labeled “same,” of intermediate strength when same
tems were labeled “similar,” and lowest when same items were
abeled “new”) but not with false endorsements (i.e., “same” or

mailto:elizabeth.kensinger@bc.edu
dx.doi.org/10.1016/j.neuropsychologia.2007.05.024
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similar” responses to new items) or whether limbic engage-
ent would be equally high whenever a person believed they

ecognized an item, regardless of the accuracy of that belief.
Two additional questions were whether there would be

reater activity in visual-processing regions when items were
etrieved with accurate visual detail rather than only with
on-specific information, and whether the emotional content
f the items would influence the magnitude of this retrieval-
elated visual processing. Although items remembered with
isual specificity are associated with greater activity in the right
usiform gyrus during encoding (Garoff, Slotnick, & Schacter,
005), and negative items show enhanced encoding-related
ecruitment of right fusiform regions (Kensinger, Garoff-Eaton,

Schacter, in press), as mentioned above, it was not clear
hether these findings would extend to retrieval. Although

ecapitulation within the same sensory regions engaged during
ncoding often serves to enhance the perceptual specificity of
memory (Wheeler, Petersen, & Buckner, 2000), it is possible

hat visually specific memories could occur in the absence of the
e-engagement of the fusiform processes known to be recruited
uring the encoding of visual details.

. Method

.1. Participants

Participants comprised 19 adults (10 women, 9 men), ages 18–30 (mean age
f 22.2 years). All participants had normal or corrected to normal vision, and
ll were screened to exclude those with any contra-indicators for MRI scanning,
r with any history of neurological trauma or psychiatric disorder. No partici-
ant reported taking any medications that affected the central nervous system.
nformed consent was obtained from all participants in a method approved by
he Harvard University and Massachusetts General Hospital Institutional Review
oards.
.2. Materials and methods

Materials comprised 386 pairs of colored, nameable photo objects (Hemera
echnologies Inc., 2002, Canada), taken from those used in Kensinger et al.

s
o
p
o
p

ig. 1. Task methods: During encoding, participants viewed negative and neutral ob
articipants decided whether objects were the same as a studied object, were similar
sychologia 45 (2007) 2951–2962

2006). The photo objects were sized to 300 pixels in their largest dimension.
airs of objects were selected so that the two items of a pair shared the same
erbal label (e.g., both tomatoes) but differed in other perceptual features such
s color, shape, size or orientation. Object pairs were selected so that half were
egative and arousing, and half were neutral and non-arousing. Pairs also were
elected to assure that the negative and neutral item pairs were matched for
he overall similarity of the two items, the dimensions (color, size, shape and
rientation) that differed between the two items, and the familiarity of the items
see Kensinger et al., 2006 for more details on the valence and arousal ratings
rocedures, and on the procedures for judging pair similarity).

.2.1. Study procedure
About 1 h prior to the fMRI scan, participants were presented with 304

ameable, colored objects (half negative arousing, half neutral). Each item was
resented for 1 s. Participants made a size decision about whether each object,
n the real world, would fit inside of a filing cabinet drawer. Participants were
sked to make their decision as quickly as possible. There were no reaction time
ifferences in the time it took participants to make the decision for the negative
nd neutral objects.

.2.2. Test procedure
Participants were scanned during a surprise recognition test. Debriefing indi-

ated that no participant was aware that his or her memory would be tested while
nside of the scanner. Participants had been instructed during the study phase
hat they would be asked to perform a “related task” during the fMRI scan, and

ost participants assumed that the task would require similar ratings about the
bjects.

On the recognition task, participants were presented with 456 objects: 152
bjects (76 negative, 76 neutral) were identical to those that had been studied
same objects), 152 objects (76 negative, 76 neutral) shared the same verbal label
s a studied item but differed in color, size, shape or orientation (similar objects)
nd 152 objects were new (76 negative, 76 neutral). These items were divided
cross four different lists, with each list associated with a separate functional
can. Items were presented for 3 s, with a jittered interstimulus interval ranging
rom 3 to 12 s. A fixation cross (+) was shown during this interval (Fig. 1).

For each object presented on the recognition memory task, participants were
sked to indicate whether the item was “new” (never studied), was “similar” to
studied item (i.e., was an object that shared the same verbal label but that

iffered in visual features from the studied object), or was the “same” as a

tudied item (i.e., was the identical photo of the object). The member of the
bject pair that was included on the recognition task was held constant for all
articipants. The condition of each object (i.e., whether it was same, similar
r new) was manipulated by counterbalancing between participants the items
resented at study.

jects and decided whether each would fit inside of a drawer. During retrieval,
to a studied object, or were new.
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items, and they would have given each type of response one-third
of the time. Instead, participants gave “same” responses to same
items and “new” responses to new items more than half of the
time. Moreover, they were least likely to call a same item “new,”

Table 1
Proportion (mean, S.E.) of items given a “same,” “similar” or “new” response
as a function of item type (same, similar or new) and emotion type (neutral or
negative arousing)
E.A. Kensinger, D.L. Schacter / N

The neuroimaging analyses focus on participants’ responses to same or new
tem exemplars. A “same” response to a same item signifies memory for the
isual details of a studied item (referred to here as visually specific recognition);
“similar” response indicates memory for the general type of item but not for its
xact visual details (referred to here as non-specific recognition); and a “new”
esponse reflects complete forgetting of the item’s presentation. Taken together,
“same” or a “similar” response to a same item indicates memory for at least the
eneral features of an item (referred to here as overall recognition). A “same” or
similar” response to a new item signifies false retrieval of either specific visual
etails (in the case of a “same” response) or of non-specific information (in the
ase of a “similar” response), whereas a “new” response to a new item signifies
correct rejection of a new exemplar.

Responses to items tested as similar exemplars are more difficult to interpret.
or example, a “similar” response to a similar exemplar could reflect memory
or specific visual details (e.g., a participant could remember the details of the
tudied tomato and thus know that the tested exemplar was similar rather than
ame); however, a “similar” response also could reflect memory for only the
eneral item type (e.g., a participant could remember that a tomato was studied
ut, having no memory for its visual details, indicate that the tested tomato was
similar” to the studied one). A “new” response is also ambiguous: it could
ignify that the studied item was forgotten, but it also is possible that a “new”
esponse could be given despite memory for the studied item, if the participant
id not apply the same verbal label to the two objects. Because of these ambi-
uities, responses to similar exemplars will not be considered further; similar
xemplars were included on the recognition task with equal frequency to the
ame and new items in order to avoid biasing participants’ responses to the other
xemplar types.

.2.3. Image acquisition and data analysis
Images were acquired on a 3 T Siemens Allegra MRI scanner. Detailed

natomic data were acquired using a multiplanar rapidly acquired gradient
cho (MP-RAGE) sequence. Functional images were acquired using a T2*-
eighted echo planar imaging (EPI) sequence (TR = 3000 ms, TE = 30 ms,
OV = 200 mm; flip angle = 90◦). Twenty-eight axial-oblique slices (3.2 mm

hickness, .6 mm skip between slices), aligned along the anterior commis-
ure/posterior commissure line, were acquired in an interleaved fashion.

All pre-processing and data analysis were conducted within SPM2 (Well-
ome Department of Cognitive Neurology). Standard pre-processing was
erformed on the functional data, including slice-timing correction, rigid body
otion correction, normalization to the Montreal Neurological Institute tem-

late (re-sampling at 3 mm cubic voxels), and spatial smoothing (using an 8-mm
ull-width half maximum isotropic Gaussian kernel).

For each participant, and on a voxel-by-voxel basis, an event-related analysis
as conducted; all instances of a particular event type were modeled through

onvolution with a canonical hemodynamic response function. All participants
ad at least 10 instances of every modeled event type.1 These data were then
ntered into second-order, random-effects analyses, contrasting activation as a
unction of retrieval response (e.g., “same,” “similar,” “new”), emotion type
negative arousing or neutral), and type of exemplar (same or new).

Conjunction analyses (using the masking function in SPM2) were then
sed to examine what regions showed activation across two or more con-
rasts (e.g., for “same” > “similar” responses to same negative items and also
or “same” > “similar” responses to same neutral items), with both contrasts
hresholded with a p-value of .01 (leading to a joint probability of .001, using
isher’s estimate; Fisher, 1950) and a five-voxel extent. For these conjunction
nalyses, coordinates refer to clusters localized in the contrast listed first (e.g.,
or “same” > “similar” responses to same negative items). Interaction analyses

ere performed to reveal the regions that showed a correspondence to retrieval

or one emotion type but not for the other (e.g., corresponded with visually spe-
ific recognition of negative items but not of neutral items). All regions revealed
n these interaction analyses showed a significant (p < .005, five-voxel extent)

1 The instances for each event type ranged from 10 to 45 for “new” responses
o same items, from 11 to 51 for “similar” responses to same items, from 25 to
4 for “same” responses to same items, from 10 to 31 for false alarms to new
tems and from 26 to 66 for correct rejections of new items.

R

N

N

sychologia 45 (2007) 2951–2962 2953

elation to retrieval of one emotion type and a non-significant (p > .05) relation
o retrieval of the other emotion type. All activations are presented in neurolog-
cal coordinates (i.e., activity on the right-hemisphere is presented on the right
ide of the brain images) and are shown on the SPM canonical brain. Voxel
oordinates were converted to Talairach space (Talairach & Tournoux, 1998)
sing the Talairach Daemon Client version 2.0 (The Research Imaging Center,
THSCSA). Reported coordinates identify the voxel with peak activity within

he cluster of activation.
Event-related time-courses were extracted from active clusters by creating

egions-of-interest (ROI), including all significant voxels within an 8 mm radius
f each chosen maximum voxel, using the Marsbar toolbox implemented in
PM (Brett, Anton, Valabregue, & Poline, 2002). Within each of these ROIs, a
emodynamic response function was calculated for each individual subject and
or each condition type (relative to fixation baseline) as a function of peristimulus
ime (0–21 s). Statistics were performed on the peak of the signal change within
eristimulus times 3–9 s. These signal change values are displayed in the figures.
nalysis of variance (ANOVA) was performed on these extracted signal change
alues with response type (“same,” “similar,” “new”), exemplar type (same, new)
nd emotion type (negative, neutral) as factors.

. Results

Below, we report the results of participants’ behavioral per-
ormance on the task, and the results of the neuroimaging
nalyses. Behavioral and neuroimaging data were analyzed with
articipants’ sex as a factor. The qualitative nature of the results
ere not influenced by participants’ sex, and so all reported

esults combine data from men and women.

.1. Behavioral results

Consistent with a prior behavioral study (Kensinger et al.,
006), visually specific recognition (saying “same” to a same
tem) was significantly higher for negative items (60%) than
or neutral items (51%, p < .01; see Table 1). Thus, negative
tems were more likely to be remembered with specific visual
etail than were neutral items. Emotion did not influence the
istribution of responses given to similar or new items (p > .25).

It is important to note that participants’ memory performance
as well above chance, even for the neutral items. If performing

t chance, participants would have been equally likely to give
same,” “similar” or “new” responses to same items and to new
esponse Same Similar New

eutral
“same” .51 (.03) .26 (.03) .18 (.03)
“similar” .32 (.03) .45 (.03) .29 (.03)
“new” .17 (.03) .28 (.03) .53 (.03)

egative arousing
“same” .60 (.03) .28 (.03) .19 (.03)
“similar” .25 (.03) .44 (.03) .28 (.03)
“new” .15 (.03) .28 (.03) .54 (.03)
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3.2.3. Visually specific recognition
Two related questions of interest concern the neural pro-

cesses that corresponded with visually specific recognition. One
question was whether there would be visual-processing regions

2 When the threshold of each contrast entered into the conjunction analysis
was dropped to p < .05, the conjunction analysis did reveal shared activity in
the left middle frontal gyrus and bilateral inferior temporal gyrus. The fact that
these regions did not overlap when the contrasts were analyzed at more stringent
thresholds suggests that, for negative items, there are regions that are weakly
954 E.A. Kensinger, D.L. Schacter / N

ere somewhat more likely to call a same item “similar,” and
ere most likely to call a same item “same.” In contrast, they
ere least likely to call a new item “same,” were more likely

o call a new item “similar,” and were most likely to call a new
tem “new.” Thus, the large number of items included on the
ecognition memory task allowed us to analyze all responses to
ame items and to new items (i.e., resulted in a sufficient number
f “new,” “similar” and “same” responses to these items), but
id not lead to memory performance that approached chance.

.2. Neuroimaging results

.2.1. Overall recognition memory
If we consider “same” and “similar” responses to same items

o reflect at least general memory for the studied items, and
new” responses to same items to reflect forgetting of the studied
tem, then comparing (“same” + “similar”) > “new” responses to
ame items gives us a way to examine the standard recognition-
emory effect (i.e., remembered > forgotten) for the negative

nd the neutral items. A conjunction analysis identified regions
hat showed this correspondence to overall recognition for the
egative items and also the neutral items (i.e., [“same” or “sim-
lar” response to same negative items > “new” response to same
egative items] and [“same” or “similar” response to same
eutral items > “new” response to same neutral items]). This
nalyses revealed a fronto-parietal network of regions consistent
ith those demonstrated in many studies of episodic retrieval

e.g., Cabeza, Rao, Wagner, Mayer, & Schacter, 2001; Henson,
ugg, Shallice, Josephs, & Dolan, 1999; Ranganath, Johnson, &
’Esposito, 2000; Wheeler & Buckner, 2004; regions reported

n upper portion of Table 2 ).
We then performed an interaction analysis to identify regions

hat showed a correspondence to overall recognition for the neg-
tive items but not for the neutral items. This analysis revealed a
etwork of regions including the left fusiform gyrus, the amyg-
ala and the parahippocampal gyrus (see middle portion of
able 2). Regions showing the opposite pattern of response (i.e.,
correspondence to overall recognition for the neutral items

ut not for the negative items) included regions throughout the
refrontal cortex, as well as a cluster within the left fusiform
yrus posterior to the cluster that corresponded with overall
ecognition of the negative items only (see lower portion of
able 2).

These results are broadly consistent with those of prior neu-
oimaging investigations of emotion’s modulation of retrieval
rocesses: there often is extensive overlap in the processes cor-
esponding with retrieval of negative and neutral items, but also
odulation within the amygdala and the hippocampal formation

uring retrieval of emotional items (e.g., Dolcos et al., 2005;
enker et al., 2005; Kensinger & Schacter, 2005b).

.2.2. Relation of limbic engagement to retrieval accuracy
Although these results implicate limbic regions in retrieval,
s noted earlier, there have been extensive debates about whether
mygdala engagement during retrieval corresponds with inflated
onfidence in a memory or with enhanced memory for detail
see Phelps, 2004; Sharot et al., 2004; Smith et al., 2006). One

a
a

e
L
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f the most direct ways to address this issue is to examine
hether amygdala engagement is equally strong when individ-
als falsely endorse an item and when they correctly endorse
n item, or whether amygdala engagement is disproportionately
reater when individuals are correct in their recognition of an
tem.

To address this question, we compared the neural processes
eading to successful recognition of at least some information
bout a negative item (i.e., a “same” or “similar” response to
same item compared to a “new” response to a same item)

nd those leading to false recognition of a negative item (i.e.,
“same” or “similar” response to a new item compared to a

new” response to a new item). A conjunction analysis revealed
hat there were no regions that corresponded both with suc-
essful recognition and also with false recognition of negative
tems.2 In contrast, an interaction analysis revealed that there
as a large network of regions that corresponded with successful

ecognition but not with false recognition of negative items (see
able 3 for listing of all regions). Critically, the left amygdala3

nd orbitofrontal cortex (BA 11/47) were among those regions
hat showed this correspondence to successful recognition and
ot to false recognition (see Fig. 2). Moreover, these regions
howed a greater response during true recognition than dur-
ng false recognition. These results suggest that amygdala and
rbitofrontal engagement during retrieval can correspond with
he accurate retrieval of information rather than with a person’s
elief that information about an item’s prior presentation has
een retrieved. The only region to show the reverse correspon-
ence (i.e., to false recognition but not to successful recognition
f negative items) was the medial prefrontal cortex (Talairach
oordinates: 4, 31, −10, Brodmann areas 10, 11 and 32). We
lso examined the regions that were related to false recognition
nd successful recognition for the neutral items (see Table 4
or all regions); the amygdala showed a relation to neither (as
xpected based on prior evidence that amygdala activity relates
nly to retrieval of emotional items; e.g., Dolcos et al., 2005;
ensinger & Schacter, 2005b). Interestingly, just as for the neg-

tive items, the medial prefrontal cortex (Talairach coordinates:
, 34, −13; Brodmann areas 11 and 32) showed a relation to
alse recognition but not to successful recognition of the neutral
tems.
ssociated with all item endorsements (true or false) but not that are strongly
ssociated with both true and false endorsements.
3 The right amygdala did not show a correspondence to successful recognition,

ven when the threshold of the analyses was reduced substantially (p < .05).
eft-lateralized amygdala activity was present in both men and women.
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Table 2
Regions that showed a correspondence to overall recognition (i.e., “same” or “similar” response to same item > “new” response to same item)

Lobe Region Hemisphere Talairach coordinates (x, y, z) Approximate Brodmann area

Negative and neutral items
Frontal Middle frontal gyrus L −46, 31, 28 9

L −42, 22, 21 46
L −38, 58, 3 10
L −24, 6, 46 6
R 38, 30, 19 46
R 50, 38, 22 46

Medial frontal gyrus L −8, 20, 45 10
L −4, 35, 37 10

Inferior frontal gyrus L −42, 21, −1 47
R 34, 29, −3 47

Parietal Superior parietal lobule L −32, −54, 47 7
R 36, −63, 53 7

Precuneus L −8, −71, 51 7
L −6, −58, 49 7
R 12, −60, 47 7

Inferior parietal lobule L −42, −40, 48 40
L −34, −43, 41 40
R 34, −62, 42 39
R 38, −52, 45 40
R 38, −35, 46 40

Temporal Middle temporal gyrus L −51, −56, −2 37
Occipital Middle occipital gyrus L −46, −64, −7 37
Other Putamen L −18, 5, 13

Negative but not neutral items
Frontal Middle frontal gyrus L −51, 19, 36 9

L −44, 36, 20 46
R 48, 15, 34 9

Inferior frontal gyrus R 46, 35, 9 46
R 46, 15, 23 9

Parietal Superior parietal lobe L −34, −62, 44 7
R 28, −60, 51 7

Precuneus Bilateral 0, −62, 36 7
L −24, −50, 47 7
R 34, −62, 34 39

Inferior parietal lobe R 38, −58, 40 40

Temporal Fusiform gyrus L −42, −38, −13 20
Parahippocampal gyrus R 30, −56, 8 30
Middle temporal gyrus R 57, −56, 3 21
Inferior temporal gyrus L −44, −51, −1 37

Other Cingulate gyrus Bilateral 0, −3, 22 24
R 16, −55, 27 31

Insula L −36, 22, 4 13
Amygdala L −18, −5, −15

Neutral but not negative items
Frontal Superior frontal gyrus L −12, 31, 46 8

R 44, 40, 31 9

Middle frontal gyrus L −49, 44, −6 47
L −44, 18, 19 46
L −42, 46, −14 11
L −34, 16, 45 8
L −28, 8, 38 6
R 44, 48, 22 46

Medial frontal gyrus L −18, 4, 48 6

Inferior frontal gyrus L −42, 1, 22 9
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Table 2 ( Continued )

Lobe Region Hemisphere Talairach coordinates (x, y, z) Approximate Brodmann area

L −32, 29, −1 47
R 32, 32, 13 46

Parietal Inferior parietal lobe L −57, −31, 48 40

Temporal Inferior temporal gyrus L −55, −56, −2 37
L −51, −55, −12 20
R 55, −51, −1 37

Middle temporal gyrus L −59, −43, −5 21
L −57, −45, −6 37

Occipital Middle occipital gyrus L −49, −63, −9 37
Fusiform gyrus L −38, −64, −7 19
Lingual gyrus R 12, −82, −6 18

Other Cingulate gyrus Bilateral 0, −22, 27 23
L −12, 20, 43 32
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hat related to visually specific recognition for the negative
tems and also for the neutral items. To address this question,
e conducted a conjunction analysis to reveal regions whose

ctivity was greater when a “same” response was given to a
ame item than when a “similar” response was given to a same
tem, regardless of whether that item was negative or neutral
i.e., [“same” > “similar” response to same negative item] and
“same” > “similar” response to same neutral item]). This con-
unction analysis revealed that activity in the left fusiform gyrus
howed this correspondence to visually specific recognition for

oth the negative items and also for the neutral items (see
ig. 3). This left-hemisphere lateralization is interesting because
t encoding, activity in the right fusiform gyrus tends to show a
elation to memory specificity (Garoff et al., 2005; Kensinger,

r
w
g
r

ig. 2. Activity in the left amygdala was related to the accuracy of visual detail retri
xtracted from the amygdalar region revealed an interaction between valence (neg, n
< .01). Amygdala activity was greatest when visual detail was accurately recognized
etail was not accurately recognized, but non-specific information was retrieved (“si
as accurately retrieved (“new” response to same negative item). When negative it
odulated by participants’ beliefs about whether visual details had been recognized

similar” or “new” response). There was no correspondence between amygdala activit
eg = negative.
−8, 14, 1
−6, 4, 11

aroff-Eaton, & Schacter, in press). Thus, although we did find
isual activity that corresponded with visually specific recogni-
ion, it does not appear that this activity reflects a recapitulation
f the same processes engaged during the encoding of visually
pecific detail.

An interaction analysis revealed that there were a number
f regions that showed a correspondence to visually specific
ecognition for the negative items but not for the neutral items.
hese regions included the orbitofrontal cortex, the amygdala
nd the parahippocampal gyrus (see Table 5 for full listing of

egions). Notably absent were visual-processing regions; there
as no evidence for differential engagement of the fusiform
yrus, or of other visual-processing regions, during the specific
ecognition of negative items compared to neutral ones.

eved about negative items: An ANOVA computed on the signal change values
eu), response type (“same”, “similar”, “new”) and exemplar type (same, new;
(“same” response to same negative item), was significantly reduced when visual
milar” response to same negative item), and was lowest when no information
ems had not been studied previously (new items), amygdala activity was not
(i.e., amygdala activity was equivalent for new negative items given a “same,”
y and recognition of neutral items (data not shown). “sim” = “similar” response,
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Table 3
Regions corresponding with successful recognition (i.e., a “same” or “similar” response to a same item compared to a “new” response to a same item), but not false
recognition (i.e., a “same” or “similar” response to a new item compared to a “new” response to a new item), of negative items (top portion of table) and with false,
but not successful, recognition of negative items (bottom portion of table)

Lobe Region Hemisphere Talairach coordinates (x, y, z) Approximate Brodmann area

Successful but not false recognition of negative items
Frontal Middle frontal gyrus L −48, 30, 24 46

L −44, 44, 16 46
R 46, 34, 22 46
R 48, 15, 34 9

Medial frontal gyrus Bilateral −6, 18, 47 8
Bilateral −4, 29, 35 6

Inferior frontal gyrus L −53, 25, 1 45
L −44, 9, 27 9
R 34, 25, −1 11/47
R 46, 9, 24 9
R 46, 35, 9 46

Parietal Superior parietal lobule L −34, −58, 49 7
R 32, −62, 51 7

Angular gyrus R 32, −62, 36 39

Precuneus Bilateral 0, −62, 36 7
L −30, −50, 47 7

Inferior parietal lobule L −40, −33, 42 40
R 36, −31, 38 40

Temporal Fusiform gyrus L −40, −36, −13 20

Parahippocampal gyrus L −18, −24, −19 35
R 30, −56, 8 30

Middle temporal gyrus R 57, −56, 3 21
Inferior temporal gyrus L −49, −60, −2 19

Occipital Middle occipital gyrus L −46, −57, −7 19
R 28, −79, 11 19

Other Cingulate gyrus Bilateral 6, −3, 22 24
L −8, −28, 29 23
R 16, −55, 27 31

Insula L −32, 20, 5 13
Amygdala L −18, −5, −17
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alse but not successful recognition of negative items
Frontal Medial frontal gyrus Bilateral

o regions related to successful and also to false recognition of negative items.

The only region to show the opposite pattern of response
i.e., a correspondence with visually specific recognition for the
eutral items but not for the negative items) was a region within
he middle occipital gyrus (BA 19). Thus, these results indicate
hat, even in instances in which negative items are more likely
o be remembered with visual detail than neutral items, there is
ot always an emotion-related enhancement in visual processing
uring retrieval. In fact, if anything, there is more visual activity
ssociated with the recognition of a neutral item’s visual details
han of a negative item’s visual details.

. Discussion
To briefly summarize the results, we found that activity within
he amygdala and orbitofrontal cortex corresponded specifically
ith the accurate recovery of detail, and not more generally with
person’s belief that visual detail was retrieved. Thus, activity in

t
i
p
b

4, 31, −10 10, 11, 32

he amygdala and orbitofrontal cortex showed a strong relation
o successful recognition of same exemplars, but no correspon-
ence to false recognition of new exemplars. We also found
hat activity in a region of the left fusiform gyrus corresponded
ith retrieval of visually specific information for negative items

nd also neutral items. There was no evidence that emotion
nhanced processing within this fusiform region nor within other
isual regions: despite the fact that negative items were more
ikely to be remembered with visual detail than neutral items,
nteraction analyses revealed no visual regions whose activity
as disproportionately related to the visually specific recogni-

ion of negative items as compared to neutral ones. Rather, the
nhanced visual specificity associated with memory for nega-

ive items corresponded with additional engagement of regions
ncluding the amygdala, the orbitofrontal cortex and the parahip-
ocampal gyrus. Each of these findings will be elaborated on
elow.
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Table 4
Regions associated with both successful recognition (i.e., a “same” or “similar” response to a same item compared to a “new” response to a same item) and false
recognition (i.e., a “same” or “similar” response to a new item compared to a “new” response to a new item) of neutral items (top portion of table), with successful
but not false recognition of neutral items (middle portion of table), or with false but not successful recognition of neutral items (bottom portion of table)

Lobe Region Hemisphere Talairach coordinates (x, y, z) Approximate Brodmann area

Successful and false recognition of neutral items
Frontal Superior frontal gyrus L −18, 16, 40 8

Middle frontal gyrus L −28, 21, 34 9

Parietal Postcentral gyrus L −61, −25, 42 1
R 61, −27, 49 2

Inferior parietal lobule R 61, −38, 46 40

Temporal Fusiform gyrus L −42, −63, −12 37
Middle temporal gyrus L −26, −57, 23 39
Inferior temporal gyrus R 48, −57, −4 19

Occipital Middle occipital gyrus L −30, −78, −8 18
Inferior occipital gyrus L −38, −74, 0 19

Other Caudate L −16, −5, 22
L −14, 11, 22
R 12, 18, 12
R 20, −9, 23

Thalamus R 16, −25, 14
Cingulate gyrus R 30, −67, 11 30

Successful but not false recognition of neutral items
Frontal Superior frontal gyrus R 44, 40, 31 9

Middle frontal gyrus L −49, 44, −6 11
L −46, 31, 28 9
L −42, 22, 21 46
L −24, 6, 46 6
R 50, 38, 22 46

Medial frontal gyrus Bilateral −8, 20, 45 8
Inferior frontal gyrus R 32, 32, 13 46

Parietal Superior parietal lobule L −32, −54, 47 7
R 36, −63, 53 7

Inferior parietal lobule L −34, −43, 41 40

Temporal Middle temporal gyrus L −59, −43, −5 21

Inferior temporal gyrus L −53, −56, −2 37
R 55, −51, −1 37

Occipital Lingual gyrus R 12, −82, −6 18

Other Caudate L −6, 4, 11

False but not successful recognition of neutral items
Frontal Middle frontal gyrus L −20, 29, 35 8

Medial frontal gyrus Bilateral 2, 34, −13 11, 32
6, 54, −11 11
6, 57, 16 10

Parietal Precuneus R 30, −71, 16 31
Inferior parietal lobule R 53, −35, 33 40

Temporal Middle temporal gyrus R 34, −60, 12 19
50, 2, −32 21

Occipital Cuneus R 28, −84, 28 19
Middle occipital gyrus L −42, −73, 7 19
Inferior occipital gyrus L −30, −82, −3 18

Other Cingulate gyrus Bilateral 2, 44, −7 32
L −28, −70, 7 30
R 12, −34, 20 23
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Fig. 3. Activity in the left fusiform gyrus, and in no other regions, corresponded with visually specific recognition for the neutral items and also the negative items:
Activity in this region was greatest when visual detail was accurately recognized (“same” response to same item), was significantly reduced when visual detail was
not recognized but non-specific information was retrieved (“similar” response to same item), and was lowest when no information was recognized (“new” response
to same item). An ANOVA revealed that the activity in this left fusiform region was influenced by the visual specificity of a memory (p < .01) but not by the emotional
nature of the item. “sim” = “similar” response; neu = neutral; neg = negative.

Table 5
Regions that showed a correspondence to visually specific recognition (i.e., “same” response to same item > “similar” response to same item)

Lobe Region Hemisphere Talairach coordinates (x, y, z) Approximate Brodmann area

Negative and neutral items
Temporal Fusiform gyrus L −38, −64, 2 37

Negative but not neutral items
Frontal Medial frontal gyrus R 10, 37, −7 10

Inferior frontal gyrus L −28, 29, −12 11/47

Parietal Superior parietal lobule L −34, −71, 50 7
Inferior parietal lobule R 40, −33, 31 40

Temporal Superior temporal gyrus L −61, −17, 3 22
L −40, −49, 21 22
R 59, −23, 10 42
R 67, −33, 7 22

Parahippocampal gyrus L −22, −26, −12 35

Other Cingulate gyrus Bilateral −2, 33, −10 32
Caudate R 18, −32, 18
Amygdala L −16, −1, −17

Neutral but not negative items
Occipital Middle occipital gyrus L −30, −78, 13 19
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.1. Amygdala engagement corresponds with accurate
etrieval of detail

Although amygdala activity tracked the amount of accu-
ate detail retrieved about same negative items, its activity was
qually strong when participants gave a “same,” “similar” or
new” response to a new negative item. Thus, amygdala activity
as related to successful recognition, but not to false recogni-

ion. This result provides strong evidence that amygdala activity
oes not correspond with a person’s belief that visual detail is
ecognized: had this been true, amygdala activity would have
een equally high whenever a “same” response was given,
egardless of the accuracy of that response. Rather, amygdala
ctivity appears to be related to the amount of accurate detail rec-
gnized; thus, its activity is equally low whenever information
bout an item’s prior presentation is not recognized (i.e., when
“new” response is given to a same item, thereby indicating no
emory for that item, or when any response is given to a new

tem—by definition, a class of items whose prior presentation
annot be remembered).

It is potentially important that the link between amygdala
ctivity and accurate retrieval was revealed within a region of
he left amygdala. It has been proposed previously (e.g., Smith et
l., 2006) that the left amygdala may relate to explicit retrieval
f information, whereas the right amygdala may be involved
n implicit memory processes. More broadly, the left amygdala

ay be related to the conscious processing of arousal whereas
he right amygdala may guide automatic, autonomic responses to
motional information (e.g., Gläscher & Adolphs, 2003). Thus,
t is plausible that the left-lateralized amygdala activity emerged
ecause the left amygdala plays a more direct role in the explicit
etrieval of episodic detail – including affective arousal – than
he right amygdala. For example, the left amygdala engagement
uring retrieval could reflect the recapitulation, or successful
ecovery, of information present during encoding. The left amyg-
ala often is associated with successful encoding (Kensinger
t al., 2007; Kensinger & Schacter, 2005a, 2006) and with the
etrieval of information encoded in an emotional context (Fenker
t al., 2005; Smith, Henson, Dolan, & Rugg, 2004; Smith et al.,
006). Thus, it is possible that, just as auditory or visual cortices
an become reactivated when individuals retrieve items that had
een paired with a sound or a visual image (Kahn, Davachi,

Wagner, 2004; Nyberg, Habib, McIntosh, & Tulving, 2000;
aidya, Zhao, Desmond, & Gabrieli, 2002; Wheeler & Buckner,
004; Wheeler et al., 2000), so might retrieval-related activ-
ty in limbic regions reflect the reactivation of emotion-relevant
nformation present during an encoding episode. The pattern of
esults within the left amygdala (i.e., tracking successful recov-
ry of detail) would be consistent with this interpretation.

Although we have focused upon the amygdala’s relation to
uccessful recognition, the results revealed a broader relation
etween limbic activity (not only in the amygdala but also in
he orbitofrontal cortex and along the cingulate gyrus) and suc-

essful recognition. Importantly, these limbic regions showed
o correspondence with false recognition. This focal associa-
ion between limbic engagement and true recognition is likely
o explain why negatively emotional information can be less

b
K

sychologia 45 (2007) 2951–2962

rone to memory distortion than non-emotional information (see
ensinger, in press, for review). When comparing the regions

hat are related to successful but not false recognition for neg-
tive items (i.e., the top panel of Table 3) and for neutral items
i.e., the middle panel of Table 4), it is clear that there is extensive
verlap in the cortical regions that show this correspondence for
he two types of items. However, for the negative items, there are
dditional limbic regions whose activity relates to true but not
alse recognition. Thus, for negative items, there is a broader net-
ork of activity that distinguishes true from false recognition.
oreover, negative items have less overlap in the neural pro-

esses that are recruited during both true and false recognition,
hereas there is extensive overlap in those processes recruited

or true and false recognition of neutral items. It makes sense that
he more distinction there is between the processes that underlie
rue recognition and false recognition, the lesser the likelihood
f memory errors.

.2. Relation between visual processing at retrieval and the
isual specificity of a memory

We found that enhanced processing within a visual-
rocessing region (particularly, the left fusiform gyrus) can
elate to enhanced visual specificity of a memory. This result is
mportant in demonstrating that there can be links between visual
rocessing at retrieval and the visual specificity of a memory. It
s interesting, however, that there was strong left lateralization
ithin the fusiform region. Prior studies have demonstrated that

here is a link between right fusiform activity and the process-
ng of the specific details of an item’s presentation (Koutstaal et
l., 2001; Marsolek, 1999; Simons, Koutstaal, Prince, Wagner,

Schacter, 2003), and neuroimaging studies have revealed a
orrespondence between engagement of the right (but not left)
usiform during encoding and subsequent memory for an item’s
isual details (Garoff et al., 2005; Kensinger et al., in press). Yet,
e found no evidence for right fusiform involvement in retrieval
f the specific visual details of an item’s presentation. Thus,
here does not appear to be strong overlap between the types
f visual processes that lead to the encoding of visual details
nd those that lead to the retrieval of visual details. Although
ecapitulation within the same sensory regions engaged during
ncoding often leads to a more perceptually specific memory
e.g., Nyberg et al., 2000; Wheeler et al., 2000), in the present
tudy, this recapitulation within the right fusiform gyrus does not
ppear to be required in order for successful retrieval of visual
etails to occur. Further studies will be needed to clarify whether
he right fusiform gyrus plays any role in the retrieval of visual
pecifics, or whether its role is confined to the processing of
isual detail—a type of processing that might occur regardless
f whether an item has been presented previously.

.3. Processes that correspond with the enhanced visual
pecificity of emotional memories
In the present paradigm, negative items were more likely to
e remembered with visual detail than neutral items (see also
ensinger et al., 2006, in press). This advantage in memory
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or visual detail did not appear to stem from disproportionate
ngagement of visual-processing regions during the retrieval of
he negative items. There were no visual regions that showed a
tronger correspondence to visually specific recognition of neg-
tive items compared with neutral items. In fact, if anything,
isually specific recognition of neutral items was associated
ith more visual engagement; there was a region of the middle
ccipital gyrus whose activity was related to visually specific
ecognition of neutral, but not negative, items.

The finding that visually specific recognition of negative
tems is not associated with enhanced visual processing
s consistent with at least a couple of prior neuroimaging
xperiments demonstrating that visual activity is not enhanced,
nd in fact often can be reduced, when participants claim
hat they vividly “remember” emotional items compared to
on-emotional ones (Dolcos et al., 2005; Sharot et al., 2004).
his lack of visual recruitment during retrieval of emotional
emories occasionally has been used as evidence that emo-

ional memories are associated with a reduction in memory for
isual detail (see Sharot et al., 2004). However, the results of
he present study emphasize that this lack of enhancement in
isual activity does not always correspond with a lack of visual
etail in the emotional memory. In the present study, memory
or the visual details of an item was better for the negative items
han for the neutral items, despite the fact that there was not
n enhancement in visual processing activity for the negative
tems. Further research will be needed to clarify the reasons
or this disconnect between visual processing activity and the
mount of visual detail remembered about an item.

.4. Concluding remarks

The role of limbic engagement during retrieval has been
ctively debated. Although, it has been argued that limbic
ngagement during retrieval may bias people to believe that
hey remember an emotional item (e.g., Sharot et al., 2004),
he present results do not support that conclusion. Rather, these
ata build upon prior research (Fenker et al., 2005; Kensinger

Schacter, 2005b; Smith et al., 2006) to suggest that limbic
ngagement during retrieval can correspond with the ability to
ccurately remember item details. Although there are retrieval-
elated processes that lead people to falsely believe that they
ave seen a negative item previously, limbic activation is not
lways one of those processes.
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