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Abstract

We collected functional neuroimaging
data while volunteers performed similar
categorization and recognition memory
tasks. In the categorization task, volunteers
first studied a series of 40 dot patterns that
were distortions of a nonstudied prototype
dot pattern. After a delay, while fMRI data
were collected, they categorized 72 novel dot
patterns according to whether or not they
belonged to the previously studied category.
In the recognition task, volunteers first
studied five dot patterns eight times each.
After a delay, while fMRI data were
collected, they judged whether each of 72
dot patterns had been studied earlier. We
found strikingly different patterns of brain
activity in visual processing areas for the
two tasks. During the categorization task,
the familiar stimuli were associated with
decreased activity in posterior occipital
cortex, whereas during the recognition task,
the familiar stimuli were associated with
increased activity in this area. The findings
indicate that these two types of memory
have contrasting effects on early visual
processing and reinforce the view that
declarative and nondeclarative memory
operate independently.

Introduction

Long-term memory is composed of multiple
separate systems (Squire 1982; Weiskrantz 1990;
Schacter and Tulving 1994). Declarative memory is
expressed in the conscious recall and recognition

of past events, whereas nondeclarative memory is
expressed through nonconscious changes in per-
formance. Examples of nondeclarative memory in-
clude the ability to learn a visual category by study-
ing exemplars derived from a prototype (category
learning) and facilitation in the ability to detect and
identify recently encountered stimuli (repetition
priming). A key question in the study of memory
systems has been whether nondeclarative memory
phenomena such as priming or category learning
influence recognition memory. The two types of
memory could operate independently (Squire et al.
1993; Schacter 1994; Wagner et al. 1997; Schacter
and Buckner 1998), or recognition memory judg-
ments could be based partly on a feeling of famil-
iarity derived from nondeclarative memory (Man-
dler 1980, 1989; Jacoby and Dallas 1981; Jacoby
1991; Gardiner and Java 1993).

Functional neuroimaging studies have shown
that both visual priming (Squire et al. 1992; Schac-
ter and Buckner 1998; Wiggs and Martin 1998) and
visual category learning (Reber et al. 1998a) are
associated with decreases in activity in posterior
cortical regions. A common account of this finding
is that the reduced activity reflects improved per-
ceptual facility for previously encountered visual
stimuli. It is not known whether improved percep-
tual facility contributes to performance in declara-
tive memory tasks such as conventional tests of
recognition memory. One technique for address-
ing this question is to identify whether the reduc-
tions in cortical activity that occur in tasks of prim-
ing and visual category learning also occur when
individuals are making conscious recognition
memory judgments.

The task used to study category learning was a
modification of one introduced by Posner and
Keele (1968) (Knowlton and Squire 1993). Eight
volunteers studied a series of 40 dot patterns (Fig.
1) that were distortions of an underlying proto-4Corresponding author.
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typic dot pattern. Subsequently, they were told
that the study items belonged to a single category
and that they should now try to classify new dot
patterns according to whether or not they be-
longed to the same category. Functional magnetic
resonance imaging (fMRI) data were collected
while volunteers performed the dot pattern catego-
rization task with 72 novel patterns, 36 of which
belonged to the trained category and 36 did not.

Ten different volunteers received a parallel
recognition memory task that also used dot pat-
terns. They first studied 5 distinct dot patterns,
each presented eight times in a random order for a
total of 40 study patterns. fMRI data were then
collected while the volunteers took a recognition
memory test containing 36 old patterns (the 5
study patterns were each repeated seven or eight
times) and 36 new patterns.

Materials and Methods

Eighteen healthy, right-handed volunteers (10
women, 8 men; mean age = 25 yr) gave written
informed consent prior to participating in the
study. Both the study and test portions of the be-
havioral paradigm were performed in the MRI
scanner, but fMRI data were collected only during
the test phase. A mirror was placed so that stimuli
could be back-projected onto a viewing screen 3.5
m from the subject’s head. The material on the
screen subtended a visual angle of 5°–7°.

CATEGORY LEARNING

Eight volunteers studied 40 dot patterns one at
a time (Fig. 1). Each pattern was composed of nine
dots, constructed as described previously (Posner
and Keele 1968; Knowlton and Squire 1993). Spe-
cifically, each dot pattern was a ‘‘high distortion’’

of a single underlying prototype dot pattern. Pat-
terns were presented for 5 sec, and volunteers
imagined pointing to the center dot in the pattern
to guarantee attention. Actual pointing occurred in
previous behavioral studies, but here no pointing
was done in order to reduce movement in the scan-
ner. Volunteers were not informed of the existence
of a prototype.

After a short delay (∼2 min), volunteers were
told that the patterns had all belonged to a single
category of patterns in the same sense that if a
series of dogs had been presented, they would all
belong to the category ‘‘dog.’’ Scanning then oc-
curred while a categorization test consisting of 72
novel dot patterns was presented. The test stimuli
included 4 presentations of the prototype dot pat-
tern (P), 16 low distortions of the prototype dot
pattern (L), 16 high-distortion dot patterns (H), and
36 unrelated, noncategorical patterns (U) (Fig. 1).
The noncategorical patterns were derived from a
different, unfamiliar, prototype and included 4 in-
stances of this prototype, 16 low distortions, and
16 high distortions. The categorical patterns (the
targets) and the noncategorical patterns (the foils)
were similarly derived from prototype dot pat-
terns. Accordingly, the test items differed only in
that the categorical study items were examples of
the learned category, whereas the noncategorical
study items were examples of a different, unfamil-
iar category.

For each pattern, volunteers judged whether
or not it came from the same category as the train-
ing patterns (a ‘‘yes’’ response was correct for the
P, L, and H patterns; a ‘‘no’’ response was correct
for the U patterns). Each pattern was presented for
3.5 sec with a 500-msec inter-item interval. The 72
test patterns were presented in eight blocks of 9
patterns each, which alternated between blocks
containing predominantly categorical patterns and
blocks containing predominantly random patterns.

Figure 1: Examples of a prototype dot
pattern (P), low (L) and high (H) distor-
tions of the prototype pattern, and an
unrelated dot pattern (U). In the catego-
rization task, volunteers first viewed 40
high distortions of a single prototype
pattern and imagined pointing to the
center-most dot. At test, volunteers saw

72 novel dot patterns (4 presentations of the prototype, 16 low distortions of the prototype, 16 high distortions, and 36
unrelated dot patterns), and they judged whether each pattern was a member of the studied category. In the recognition
task, volunteers viewed 40 dot patterns comprised of 8 repetitions of 4 different patterns. At test, 72 dot patterns were
presented: 36 presentations of the study patterns (old) and 36 new dot patterns (new). Volunteers judged whether each item
was a target.
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Specifically, each block contained either seven cat-
egorical patterns that required a yes response and
two random patterns that required a no response
or vice versa. Volunteers made their yes–no cat-
egorical judgments using a fiber-optic button box.
The entire study–test sequence was then repeated
with different study items and test items (with ∼10
min between runs).

RECOGNITION

Ten volunteers studied 40 dot patterns one at
a time. The 40 patterns consisted of 8 repetitions
of each of 5 target items. In all other respects, this
study phase was identical to the categorization
test. After a short (∼2 min) delay, scanning oc-
curred while volunteers took a 72-item recognition
memory test involving 36 novel patterns and 36
target patterns (each of the 5 dot patterns that had
been presented during study occurred either seven
or eight times). Each pattern was presented for 3.5
sec with a 500-msec inter-item interval. Volunteers
were instructed to use the button box to respond
‘‘yes’’ if the presented pattern had been seen dur-
ing study and ‘‘no’’ if the pattern was novel. The
patterns were presented in eight blocks of nine
patterns each, which alternated between blocks
containing seven old patterns and two new pat-
terns and blocks containing seven new patterns
and two old patterns. The entire study–test se-
quence was then repeated with different study and
test items (with ∼10 min between runs).

FUNCTIONAL IMAGING

Imaging was performed on a GE 1.5T SIGNA
clinical MRI scanner fitted with a high-perfor-
mance local head gradient and RF coils (Wong et
al. 1991). Functional T2*-weighted images were ac-
quired using an echoplanar single-shot pulse se-
quence with a matrix size of 64 × 64, echo time
(TE) of 40 msec, flip angle of 90°, and in-plane
resolution of 2.5 × 2.5 mm. For each scanning run,
82 images were acquired for each of 20–22 coronal
slices (7 mm thick, 1-mm interslice gap) in an in-
terleaved fashion with a repetition time (TR) of 3.6
sec. The first two images from each slice were
discarded to assure that the MR signal had reached
equilibrium on each slice. For anatomical localiza-
tion, a standard whole-brain, T1-weighted, three-
dimensional MP-RAGE sequence was acquired (flip
angle = 10°, FOV = 24 cm, 256 × 256 × 128 acqui-

sition matrix; coronal slices, thickness = 1.5–1.6
mm).

Images were first corrected for distortion ow-
ing to field inhomogeneity (Reber et al. 1998b) and
were coregistered through time using a two-dimen-
sional registration algorithm (Cox 1996). Each slice
was spatially smoothed using a two-dimensional
(in-plane) gaussian kernel, FWHM = 7.5 mm. Lin-
ear drift in the overall magnitude of the MR signal
in each voxel over the course of the entire scan
was eliminated (linear drift was estimated by com-
puting the change in signal across the blocks that
contained nontarget patterns). Within each run,
voxels were eliminated if the signal magnitude
changed >10% between two samples (3.6 sec) or if
their mean signal level was below a threshold de-
fined by the inherent noise in the data acquisition.
Finally, the 36 runs were transformed (Collins et al.
1994) to conform to the atlas of Talairach and
Tournoux (1988) with a final voxel size of 2.5
mm3. The 16 runs from the 8 volunteers who re-
ceived the categorization task were combined (av-
eraged), and the 20 runs from the 10 volunteers
who received the recognition task were also com-
bined.

Areas exhibiting activity selective for either
the categorical or noncategorical dot patterns were
identified by correlating the observed time course
of activity in each voxel against an idealized refer-
ence function derived from the eight alternating
blocks of dot patterns. The reference function was
adjusted to reflect the lag between neural activity
change and hemodynamic response (signal rise
was assumed to occur linearly over a 6-sec delay;
fall time was assumed to be linear over 9 sec). The
resultant statistical map was then thresholded to
eliminate voxels for which the correlation with the
reference function was <0.40 (P < 6 × 10−5, uncor-
rected for multiple comparisons). Furthermore,
significant areas of activation were required to
comprise a cluster of correlated voxels with a total
volume >350 mm3, corresponding to at least 22
contiguous voxels in the transformed data. Finally,
clusters were required to be located in grey matter
tissue.

Results

BEHAVIORAL

In the categorization condition, volunteers
successfully learned about category membership
from studying the high distortions. They endorsed

Reber et al.
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71% of the prototypes, 55% of the low distortions,
54% of the high distortions, and 40% of the unre-
lated patterns (Fig. 2a). Overall categorization judg-
ments were 58% correct, significantly better than
chance [50%, t(7) = 4.5, P < 0.005] and there was a
significant effect of item type on endorsement rate
[F(1,3) = 4.5, P < 0.05]. In the recognition condi-
tion, volunteers successfully learned the dot pat-
terns presented at study (Fig. 2b). They were more
likely to endorse the old dot patterns (81%) than
the new dot patterns (13%) during the recognition
test [t(6) = 9.7, P < 0.001].

fMRI

Figure 3 shows the fMRI data identifying the
brain areas in which significant stimulus-depen-
dent changes in activity were observed for each
task. For the categorization task (Fig. 3, top), the
only areas of reliable change in activity occurred in
posterior occipital cortex (BA 17/18). These areas
exhibited reduced activity during judgments of cat-
egorical patterns relative to noncategorical pat-
terns. Posterior occipital cortex was also the most
prominent site of activity change in an earlier study
of dot pattern category learning (Reber et al.
1998a).

For the recognition memory task (Fig. 3, bot-
tom), a number of areas exhibited increased activ-
ity in response to the old patterns as compared
with the new patterns. In particular, increased ac-
tivity was observed in right occipital cortex (BA
17/18). The difference in brain activity in posterior

visual cortex (BA 17/18) between the categoriza-
tion task and the recognition memory task is par-
ticularly striking (Fig. 4). During categorization, a
sizeable decrease in activity was observed in oc-
cipital cortex that was similar to decreases re-
ported previously in association with perceptual
priming tasks (Squire et al. 1992; Schacter and
Buckner 1998; Wiggs and Martin 1998). In con-
trast, during recognition, an increase in activity oc-
curred in this region. The specific occipital areas
exhibiting these changes were not identical in the
two tasks. Accordingly, we performed additional
analyses to examine the changes in activity that
occurred in each of these areas in each task.

CROSS-TASK ROI ANALYSES

To contrast the changes in activity exhibited in
specific areas of occipital cortex (BA 17/18) for
both tasks, we defined three regions of interest
(ROIs) in occipital cortex where stimulus-related
(targets minus foils) changes in activity occurred in
each task: two areas of decreased activity during
categorization and one area of increased activity
during recognition. Within these ROIs, we exam-
ined the changes in activity using a more lenient
cluster-based threshold than in the first analysis
(volume ù 150 µl, r > 0.22, P < 0.05 uncorrected).
In addition, within each ROI, the percentage of
voxels exhibiting a positive correlation with the
reference function was calculated for each volun-
teer (number of voxels with r > 0.01 divided by
the total number of voxels in the ROI for each
subject). Using these methods we found that dur-
ing the recognition task there was increased activ-
ity in the same loci that had exhibited decreased
activity in the categorization task. Specifically, we
found increased activity in a 156-µl subcluster in
the more superior of the two posterior ROIs that
had been identified from the categorization task
(Fig. 4a). Also, for these two posterior ROIs, 60%
(±7.6%) of the voxels exhibited increased activity
(old vs. new dot patterns), whereas during the cat-
egorization task (categorical stimuli vs. noncat-
egorical dot patterns), only 14% (±7.3%) of the
voxels exhibited increased activity [F(1,14) = 9.0,
P < 0.01]. Thus, there was no evidence for de-
creased activity in visual cortex for familiar stimuli
during the recognition task.

The same analyses were then applied to the
data from the categorization task within the poste-
rior ROI that had exhibited increased activity in the
recognition task. In the categorization task, this

Figure 2: (a) Categorization performance. At test, the
endorsement rate corresponded to how closely the pat-
terns resembled the prototype of the training patterns
(prototype, 71%; low distortions, 55%; high distortions,
54%; unrelated patterns, 40%). (b) Recognition memory
performance. At test, volunteers were more likely to en-
dorse the old items (81%) than the new items (13%) as
having been studied previously.
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area exhibited a weak tendency to be active (Fig.
4b). Specifically, increased activity was observed in
a 156-µl subcluster. Overall, in this ROI, 58%
(±16.3%) of the voxels exhibited increased activity
during the categorization task. In contrast, in the
recognition task, 95% (±3.2%) of the voxels exhib-
ited increased activity [F(1,15) = 7.7, P < 0.05].
Thus, some ‘‘recognition-like’’ activity may have
occurred during the categorization task.

Discussion

The key finding was that when category judg-
ments were made about dot patterns that re-
sembled the dot patterns that had been presented
for study, robust reductions in activity occurred in
posterior occipital cortex. Yet, when recognition
memory judgments were made for repeated and
familiar dot patterns, activity increased in posterior
occipital cortex. It appears that the act of engaging
in a recognition memory task changes the way test

stimuli are processed such that during recognition,
stimuli are processed in a fundamentally different
way than during categorization. During recogni-
tion, increased occipital activity for familiar stimuli
appears to override decreases that are associated
with nondeclarative memory. This effect could be
owing either to the effort applied to making a rec-
ognition memory judgment or to the successful
retrieval of a previously encountered stimulus.

This interpretation must be tempered by the
fact that the two experimental conditions were not
completely parallel. Despite matching the condi-
tions as closely as possible, there were necessarily
several differences between them. In the categori-
zation condition, each pattern presented at study
was a novel distortion of a single prototype dot
pattern. In contrast, in the recognition condition,
five patterns were each repeated eight times at
study. Therefore, the tasks differed both in the
number of times each dot pattern was repeated
and in the similarity between the dot patterns in
the study phase. Furthermore, in the test phase,

Figure 3: Areas of significant task-re-
lated signal change are shown as color
overlays on the averaged axial structural
images [transformed to the atlas of Talair-
ach and Tournoux (1988)]. The distance
of each image relative to the AC–PC line
(−12 to 37 mm) is indicated for each im-
age. Images are oriented according to ra-
diologic convention with the right side of
the brain on the left side of the image and
anterior at the top. Areas where activation
was greater when processing targets rela-
tive to foils are shown in red and yellow.
In the categorization task, the targets were
instances of the studied category, and in
the recognition task, the targets were the
recently studied items. Areas where acti-
vation decreased are shown in blue.
(Top) fMRI data for the categorization
task. Two ROIs in posterior occipital cortex (BA 17/18; V1/V2) passed our statistical criteria (see text). Both areas exhibited
reduced activity (blue) during the processing of categorical dot patterns relative to unrelated dot patterns. The ROIs were
centered at Talairach coordinates (x, y, z): (1, −88, −4) and (12, −93, 17). (Bottom) fMRI data for the recognition task.
Fourteen ROIs passed our criteria. There was significant activation in visual cortex in areas 17/18, V1/V2 (22, −93, −2)
and in an ROI that included both occipital cortex (BA 19; 25, −72, −11) and cerebellum (35, −80, −27). In addition, there
were six frontal activations (i.e., greater activity while processing old items vs. new items, shown in red): right BA 6,
superior (3, 10, 44) and middle (8, 17, 65; not shown) frontal gyri; bilateral area 9, prefrontal cortex (29, 49, 34) and (−31,
55, 20); right area 8, frontal eye fields (45, 20, 48); and left area 10, prefrontal cortex (−16, 62, −8; not shown). Three
temporal lobe areas exhibited increased activity: bilateral area 21, middle temporal gyrus (59, −36, 2), (−67, −36, 4), and
(58, −19, −6). One additional cerebellar activation was observed having two foci: [(−7, −55, −14) and (35, −72, −18)].
Finally, there were two deactivations in left area 2, postcentral gyrus (−47, −21, 55; not shown) and in left area 7, posterior
parietal cortex (−39, −36, 58; not shown) that likely reflect the fact that volunteers usually made their no responses to new
stimuli with the right hand.

Reber et al.
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the dot patterns used as foils in the categorization
task were distortions of an unstudied prototype,
created in the same manner as the target dot pat-
terns. In the test phase of the recognition task, the
dot patterns used as foils were random dot patterns
with no inherent similarity to any other dot pat-
terns.

For the present study, we chose not to use
random dot patterns for the categorization task [as
we did in our earlier study of categorization (Reber
et al. 1998a)] in order to eliminate a potential con-
found. Specifically, when the noncategorical dot
patterns in the categorization task are random dot
patterns, it is possible that reduced visual cortical
activity associated with categorical stimuli could
be owing entirely to effects at the time of test
(neighborhood effects based on the within-block
similarity of the categorical dot patterns). This
same potential confound existed in the current
study in the case of the recognition task. However,
in the case of recognition, using random dot pat-
terns as foils and identical dot patterns as targets
should, if anything, have made it more likely to
observe a decrease in visual cortical activity for the
target stimuli. Instead, we observed increased oc-

cipital cortical activity for target stimuli during the
recognition task.

Previous neuroimaging studies of perceptual
priming have found decreased occipital activity for
familiar stimuli (Squire et al. 1992; Buckner et al.
1995; Frith et al. 1995; Schacter et al. 1996; Back-
man et al. 1997). In these studies, decreased activ-
ity occurred in more anterior cortical areas (e.g.,
BA 19) than in our study (BA 17/18). The differ-
ence between our findings and previous reports
could be attributable to either task differences (a
categorization paradigm vs. a priming paradigm) or
stimuli differences (dot patterns vs. word stems
and pseudowords).

It should be noted that the changes in poste-
rior occipital cortex observed during the categori-
zation task (this paper; Reber et al. 1998a) are not
the only areas involved in making categorization
judgments. The analysis was based on contrasting
the response to categorical and noncategorical dot
patterns and therefore could not have identified
brain areas that were responsive to both (such as
areas used to make the categorization judgment
itself). It should also be noted that three frontal
cortical areas that were active in earlier work with
this categorization task (Reber et al. 1998a) did not
pass the statistical threshold in the current study.
However, activity in one of these areas (left frontal
cortex, BA 10) was detected with a slightly re-
duced statistical threshold (r > 0.35 instead of
r > 0.40). The current study differed from the ear-
lier one in that the noncategorical dot patterns
were related to an unstudied prototype and thus
had the same degree of relatedness to each other as
did the categorical dot patterns. In the earlier
study, the noncategorical dot patterns were ran-
dom patterns.

During the recognition memory task, wide-
spread increases in activity in response to old dot
patterns were observed in the frontal and temporal
lobes in addition to the occipital lobe. Recognition
memory performance is known to require the me-
dial temporal lobe (Reed and Squire 1997), and
there have been reports of increased activity in the
medial temporal lobe during recognition in com-
parison to a baseline condition (e.g., Fuji et al.
1997; Rugg et al. 1997). However, activation of this
region has not been observed consistently during
recognition tests (e.g., Nyberg et al. 1995; Rugg et
al. 1996; see Schacter et al. 1996) and was not
observed here. Schacter et al. (1995) found in-
creased hippocampal activity in a recognition task
that compared previously studied drawings of ob-

Figure 4: The posterior activity from the recognition
task (a) and the categorization task (b) are shown here as
colored overlays on the averaged coronal images at −93
mm. Superimposed on the data from each task is the
outline (green) of the posterior ROIs found in the other
task. The voxels in these outlined regions were analyzed
to determine how the posterior ROIs behaved in the two
tasks (P < 0.05, uncorrected; 150-µl minimum cluster
volume). (a) In the recognition task, a small subcluster of
increased activity was found in one of the ROIs (upper
green outline) that had shown decreased activity in the
categorization task. Thus, the same ROI that had de-
creased its activity during categorization increased its
activity during recognition. (b) In the categorization task,
a small subcluster of increased activity was found in the
same posterior ROI (green outline) that had shown in-
creased activity in the recognition task. Thus, some rec-
ognition-like activity also occurred during categoriza-
tion.
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jects and novel objects. The absence of task-related
activity changes in the medial temporal lobe in our
study may be owing to stimulus differences (ob-
jects vs. dot patterns) or to the fact that the
memory demands when judging old and new items
were more similar in our study than in the study by
Schacter et al. (1995).

Neuroimaging studies of recognition memory
that directly contrast the response to old and new
stimuli have found increased activity bilaterally in
prefrontal cortex (BA 10) (Rugg et al. 1996; Tulv-
ing et al. 1996). Our results are consistent with the
idea that increased activity in the frontal lobe re-
flects recognition success and that the frontal lobe
operates to integrate retrieved information about a
stimulus and the encoding context (Squire et al.
1993). Previous studies of visual recognition
memory have also reported increased occipital
lobe activity in BA 17/18 [Nyberg et al. 1995; Rugg
et al. 1996; Tulving et al. 1996; but note that Tulv-
ing et al. (1994) found a decrease in temporal lobe
activity during recognition for auditory stimuli].
Thus, it appears that increased visual activity in
response to familiar stimuli can be part of the rec-
ognition memory process. It should be noted that
an earlier PET study that contrasted different mea-
sures of declarative memory and nondeclarative
memory than measured here (cued recall and
word-stem completion priming) found an overall
decrease in activity in occipital cortex in both con-
ditions (Squire et al. 1992). Because that study in-
volved cued recall, not recognition, it is not clear
what bearing it has on the suggestion that recog-
nition is typically associated with increases in ac-
tivity in posterior occipital cortex.

The lack of a priming-like effect in posterior
occipital cortex during the recognition task is con-
sistent with neuropsychological studies that have
suggested that nondeclarative memory does not
(or cannot) contribute to recognition memory
judgments (Haist et al. 1992; Gabrieli et al. 1995;
Reber and Squire 1998). In one compelling case,
the severely amnesic patient E.P. performed at
chance on recognition memory tasks but exhibited
completely intact priming and category learning
(Squire and Knowlton 1995; Hamann and Squire
1997). Thus, even though priming and category
learning were intact, they could not be used to
support recognition memory judgments. The neu-
roimaging findings presented here suggest an ex-
planation for why priming and category knowl-
edge (and perhaps other forms of nondeclarative
memory) may not ordinarily support conscious

judgments of familiarity. The process of making
judgments of familiarity (recognition memory) es-
tablishes a brain state fundamentally different from
the brain state achieved during nondeclarative
memory tasks. As a result, reduced brain activity in
association with the repeated, familiar stimuli [the
hallmark of perceptual priming (see Schacter and
Buckner 1998)] does not ordinarily occur during
declarative memory tests. Declarative and non-
declarative memory appear to operate largely inde-
pendently, and, for visual tasks, these two forms of
memory can be distinguished by the contrasting
patterns of activity in posterior visual cortex.
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