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Experiences are remembered or forgotten, but the neural determinants for the 
mnemonic fate of experience are unknown. Event-related functional magnetic 
resonance imaging was used to  identify specific brain activations that differ- 
entiated between visual experiences that were later remembered well, remem- 
bered less well, or forgotten. During scanning of medial temporal lobe and 
frontal lobe regions, subjects viewed complex, color photographs. Subjects later 
received a test of memory for the photographs. The magnitudes of focal 
activations in  right prefrontal cortex and in bilateral parahippocampal cortex 
predicted which photographs were later remembered well, remembered less 
well, or forgotten. 

Studies of patients with brain damage have 
identified regions critical for declarative 
memory, the conscious or explicit memory 
for new events and facts (I). One region 
essential for declarative memory is the me- 
dial temporal lobe. Bilateral damage to this 
brain region yields global amnesia, a per- 
vasive memory deficit for all new events 
and facts. Regions of the frontal lobes also 
contribute to declarative memory (2). 
Memory deficits subsequent to unilateral 
medial temporal lobe or frontal damage are 
often material-specific, with left-sided le- 
sions impairing verbal memory, and right- 
sided lesions impairing nonverbal memory 
(3). 

Lesion studies canpot distinguish whether 
a given brain region normally participates 
in the encoding of ongoing experiences into 
memories, or the storage of the memories 
over time, or the later retrieval of those 
memories. Functional neuroimaging stud- 
ies can distinguish between encoding and 
retrieval by measuring brain activation at 
each stage of memory. Evidence for the 
participation of the medial temporal lobe in 
the encoding of memories has come from 
studies that found greater activation for 
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novel versus highly familiar visual scenes 
(4-6). The most consistent locus of activa- 
tion occurred bilaterally in parahippocam- 
pal cortex, a major component of the me- 
dial temporal lobe system. In addition, one 
of the studies reported a similar activation 
in right frontal cortex (4). 

Greater activation for novel versus re- 
peated scenes may reflect the encoding of 
declarative memory, but other interpreta- 
tions are equally plausible. One possibility 

is that it reflects a response to novelty 
unrelated to the encoding of memory. Other 
possibilities are that it reflects habituation, 
reduced attention, or strategic differences 
resulting from the use of blocked designs, 
in which activation was averaged over 
long, predictable sequences of either many 
novel or many familiar scenes. Yet another 
possibility is that greater activation for 
novel versus repeated scenes could reflect 
implicit memory processes. Reduced acti- 
vation for repeated materials in frontal and 
occipital regions are commonly interpreted 
as reflecting implicit memory (repetition 
priming) and not declarative, explicit mem- 
ory (7). Thus, there is no direct evidence 
that greater parahippocampal or right-fron- 
tal activation for novel versus familiar 
scenes signifies processes relevant to en- 
coding visual declarative memories. 

Persuasive evidence that a particular 
brain activation signifies processes impor- 
tant for encoding declarative memories 
comes from event-related study designs, in 
which separate activations are recorded for 
each stimulus. Based on the outcome of a 
later test for memory, activations can be 
measured separately for stimuli encoded 
successfully (later remembered) or unsuc- 
cessfully (later forgotten) (8).  Advances in 
functional magnetic resonance imaging 
(fMRI) now permit the measurement of 
event-related responses to individual expe- 
riences (stimuli) (9). Here we report that 
event-related activity during study in para- 
hippocampal and right frontal areas differs 

Fig. 1. (A) Locations of 1 oblique and functional MRI structural images. 

The four slices, shown 
as green lines, are re- 
ferred to as slices 1 to 
4, from anterior to 
posterior, in subse- 
quent figures. (8) 
Composite statistical 
activation maps su- 
perimposed on aver- 
aged structural MRI 
slices from six sub- 

I 
jects. For all figures, 
the left side of the im- 
age corresponds to 
the left side of the 
brain. Voxels showing 
significantly greater 
activation for scenes 
than for fixation are 
shown as ranging 
from P < 0.01 (red) to 
P < 0.0005 (yellow). 
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for visual stimuli subsequently remembered 
or forgotten. 

Six normal, right-handed subjects per- 
formed four f MRI scans (1 0) (Fig. 1 A), each 
consisting of 24 color pictures of indoor and 
outdoor scenes that were selected to be sim- 
ilar in complexity and quality. During scan- 
ning, subjects judged whether each picture 
depicted an indoor or outdoor scene (11). 
Thirty minutes after scanning, subjects were 
given an unexpected memory test for the 
pictures viewed in the scanner. They saw the 

Fig. 2. Composite sta- 
tistical activation maps 
displaying voxels with 
significant positive cor- 
relatiom between event- 
related activations to 
pictures and subsequent 
memory for those pic- 
tures. Areas activated 
are right dorsolateral 
prefrontal cortex (upper 
right in slice 1) and bi- 
lateral parahippocampal 
cortex (lower left in slic- 
es 1 and 3; left and right 
in slices 2 and 4). 

96 previously seen pictures and 32 new pic- 
tures presented individually on a computer 
monitor and judged whether or not they had 
seen each picture during scanning. For pic- 
tures judged as previously seen, the subjects 
reported whether their judgment was based 
on a distinct recollection of having seen the 
picture ("remember") or a less certain feeling 
of familiarity ("know") (12). Thus, each stud- 
ied picture had one of three memory out- 
comes-well remembered, familiar but not 
well remembered, or forgotten (pictures that 

Fig. 3. Examples of average signal magnitude during study from six subjects in (A) right frontal 
(slice I ) ,  (8) left parahippocampal (slice 4), and (C) right parahippocampal (slice 2) regions for 
remembered (red), familiar (green), and forgotten (blue) pictures. Averages were made by drawing. 
for each subject, regions of interest around activations that were greater for pictures than for 
fixation. Signal magnitude in each of these regions was averaged across subjects by trial type. Gray 
block depicts onset and offset of picture presentation. (D) Mean voxel response in parahippocampal 
areas showing significant correlation with subsequent memory in each subject for remembered, 
familiar, and forgotten pictures. 

subjects had seen but denied having seen). 
Of the studied pictures, subjects clearly re- 

membered 25% (range, 5 to 47%), felt that 27% 
(range, 17 to 38%) were familiar, and forgot 
48% (range, 25 to 66%). No particular group of 
pictures was better remembered than another 
across subjects. Memory for indoor and outdoor 
scenes did not differ (P > OX), and the partic- 
ular pictures remembered varied greatly across 
subjects, in that the distribution of memory 
scores across items did not differ from the 
expected normal distribution (P > 0.5). Median 
response times for classification tended to be 
longer for pictures that would later be remem- 
berid (remembered = 725 ms, familiar = 671 
ms, forgotten = 680 ms), but these differences 
were not reliable (P > 0.15). 

Two activation maps based on voxel-wise 
statistics were constructed (13). The first map 
revealed event-related activity that was greater 
for pictures than for fixation. Multiple, bilateral 
regions responded significantly to the picture 
stimuli. These included dorsolateral prefrontal 
regions, thalamus, cingulate, caudate, hiform, 
parahippocampus, and low-level visual areas 
such as the lateral geniculate nucleus and pri- 
mary visual cortex (Fig. 1B). 

A second map was based on a Kendall's 
rank order correlation of subsequent memory 
for the picture (that is, remembered, familiar, 
or forgotten) and the size of the event-related 
response to the picture. This map revealed 
regions where event-related activity was cor- 
related positively with greater subsequent 
memory. There were seven focal regions 
where activity level reliably predicted wheth- 
er pictures would be remembered, familiar, or 
forgotten. Six of these regions were in bilat- 
eral parahippocampal cortex and one was in 
the right inferior frontal sulcal region of the 
dorsolateral prefrontal cortex (Figs. 2 and 3, 
A to C). No region showed a reliable negative 
correlation. 

In order to determine the source of the 
correlations between event-related study- 
phase activations and subsequent memory, 
parahippocampal activations were summed in 
each individual subject (14). Activations 
were greater for remembered than familiar 
pictures [t  (5) = 3.55, P < 0.051 and for 
familiar than forgotten pictures [t  (5) = 4.56, 
P < 0.011. The order of activation at study in 
relation to subsequent memory was evident in 
each individual (Fig. 3D). Thus, the study 
phase parahippocampal activations predicted 
not only whether pictures would be remem- 
bered or forgotten, but also whether they 
would be more certainly or less certainly 
remembered. 

Although many regions were active for 
picture presentation, only areas associated 
with declarative memory showed reliable 
correlations with subsequent memory. For 
example, fusiform regions were active for 
picture processing, and these regions have 
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shown reduced activity for familiar pictures 
(6 ) .  The caudate, which has been linked to 
habit or procedural memoqr rather than de- 
clarative memory (1.51, and the anterior cin- 
gulate, which contributes to attention or per- 
formance monitoring ( I  6 ) ;  were also respon- 
sive to pictures. Only frontal and parahip- 
pocampal activations: however: predicted 
subsequent declarative memory. 

The locations and robustness o f  the 
memory-dependent activations may be re- 
lated to the visuospatial nature o f  the scenic 
stimuli (1 7).  The right-lateralized prefron- 
tal activation in the present study is similar 
in location to @at found in spatial working 
memory tasks '(18). On the basis o f  anatom- 
ical connections in the monkey between 
dorsolateral prefrontal cortex and the pos- 
terior parahippoca~npal cortex, it has been 
proposed that these two regions constitute a 
neural circuit that mediates the formation 
o f  spatial long-term memories (19). Thus, 
the results o f  the present study may reflect 
an interaction between right frontal-depen- 
dent spatial working memory processes and 
bilateral parahippoca~npal long-term mem- 
ory processes that determine memory for 
scenes. In contrast 'to previous imaging 
studies suggesting a left-frontal lateraliza- 
tion for the encoding o f  verbal and nonver- 
bal declarative memories, these results are 
consistent with lesion data suggesting a 
right-frontal role in the encoding o f  non- 
verbal declarative memories. However, this 
study did not image the entire brain, and it 
remains to be seen whether activations in 
other areas, including left frontal cortex, 
also predict subsequent memory for scenes. 

Many factors related to encoding, stor- 
age, and retrieval contribute to determine 
what is remembered and what is forgotten. 
The findings from this study converge with 
other functional neuroimaging studies re- 
porting specific and lateralized encoding- 
related activations for words, objects, and 
faces in parahippoca~npal and frontal re- 
gions (20) .  The precise nature o f  the psy- 
chological processes signified by these ac- 
tivations remains to be elucidated. The 
present study nevertheless indicates that the 
degree o f  activation in right frontal and 
bilateral parahippocampal regions mea- 
sures how well a particular visual experi- 
ence is encoded and therefore predicts 
whether it will be remembered well, re- 
membered less well. or forgotten by an 
individual. 
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