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bstract

Memory for visual items can evoke activity in visual processing regions, which is typically assumed to reflect conscious remembering. However,
ased on previous findings, we hypothesized that such activity in early visual areas (BA17, BA18) may reflect priming, a form of nonconscious
emory. We tested this hypothesis in two fMRI experiments with similar stimulus protocols, but explicit or implicit task instructions. During initial

uns, abstract shapes were presented to either side of fixation, filled with parallel lines of random orientation and color. In subsequent runs, old
nd new shapes (plus related shapes in Experiment 2) were presented at fixation. In Experiment 1, participants were instructed to remember each
hape and its spatial location during initial runs; during subsequent runs they classified each shape as old and on the “left”, old and on the “right”,
r “new”. A right fusiform gyrus region (BA18) and a left lingual gyrus region (BA18) were preferentially associated with shapes previously
resented on the left and right, respectively. In support of our hypothesis, this early visual area activity was independent of response accuracy
or spatial location. In Experiment 2, for each shape, participants identified parallel line orientation relative to horizontal. Consistent with our

ypothesis, specific neural activity was observed in early visual regions (BA17, BA18, extending into BA19), with old activity greater than related
nd new activity (likely reflecting priming). The results of these experiments provide convergent evidence that memory related early visual area
ctivity (BA17, BA18) can reflect nonconscious processing.

2006 Elsevier Ltd. All rights reserved.
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Human visual item localization has been associated with
orsal cortical processing, including the occipital and pari-
tal cortex, while visual item identification has been associ-
ted with ventral cortical processing, including the occipital
nd temporal cortex (Köhler, Kapur, Moscovitch, Winocur, &
oule, 1995). Consistent with this functional-anatomic organi-

ation, memory for visual item identity has been associated with
ctivity in ventral occipitotemporal cortex (Burgess, Maguire,
piers, & O’Keefe, 2001; Katanoda, Yoshikawa, & Sugishita,
000; Moscovitch, Kapur, Köhler, & Houle, 1995; O’Craven

Kanwisher, 2000; Schacter et al., 1995, 1997; Slotnick,
oo, Segal, & Hart, 2003; Slotnick & Schacter, 2004; Vaidya,
hao, Desmond, & Gabrieli, 2002; Wheeler & Buckner, 2003;
heeler, Petersen, & Buckner, 2000; for a review, see Slotnick,

004). Although it is generally assumed that visual memory
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elated activity underlies subjective visual experience during
onscious remembering, the nature of such activity is in fact a
uestion for empirical determination (cf., Slotnick & Schacter,
n press).

For instance, in a previous recognition memory functional
agnetic resonance imaging (fMRI) study using abstract shapes

Slotnick & Schacter, 2004), we found converging evidence sug-
esting that recognition related activity in early visual regions
BA17, BA18) reflects nonconscious memory. In the main exper-
ment, participants studied sets of abstract shapes; each set was
elated to a nonstudied prototype. During a subsequent recogni-
ion test, subjects made old/new recognition decisions about old
hapes, related nonstudied shapes, and unrelated new shapes.
he first piece of evidence relates to the common and disparate
eural activity associated with true recognition (“old” responses
o studied/old shapes, i.e. old-hits) and false recognition (“old”

esponses to related nonstudied shapes, i.e. related-false alarms).
rue and false recognition, relative to new shape correct rejec-

ions (“new” responses to novel shapes), were associated with
ommon activity in ventral occipitotemporal cortex (BA17,

mailto:sd.slotnick@bc.edu
dx.doi.org/10.1016/j.neuropsychologia.2006.06.021
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Fig. 1. Behavioral protocol for Experiment 1. During encoding, shapes were
presented to the left of fixation (encoding-left) or right of fixation (encoding-
right). During retrieval, shapes that had been presented in the left hemifield
d
d
r

p
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A18, BA19, and BA37); however, true recognition was associ-
ted with greater activity than false recognition in striate (BA17)
nd early extrastriate cortex (BA18). The high false alarm rate in
hat study led us to hypothesize that the differential true greater
han false recognition related early visual area activity reflected
onconscious memory (or participants should have capitalized
n this differential activity to reduce their level of false recogni-
ion to related items). The second piece evidence, stemming from
standard old/new recognition follow-up experiment, was con-

istent with this hypothesis. In late visual regions (BA19, BA37),
e found greater activity associated with old-hits than old-
isses (“old” and “new” responses to old shapes, respectively).
ecause this activity tracked the behavioral response, we argued

hat it was associated with conscious memory of old shapes. By
ontrast, activity in early visual regions (BA17, BA18) was simi-
arly increased for old-hits and old-misses relative to new-correct
ejections, that is, independent of the behavioral response. This
vidence is also suggestive that early visual area activity reflects
onconscious memory.

The primary aim of the present investigation was to test our
ypothesis, in two separate fMRI experiments, that visual mem-
ry related activity in early visual regions does indeed reflect
onconscious processing. In the first experiment, we used an
xplicit memory task as in Slotnick and Schacter (2004; referring
ere and subsequently to the main experiment, unless otherwise
oted), but stimuli only included old and new shapes (Fig. 1).
hapes at study/encoding were presented to the left or right
f fixation and during test/retrieval these shapes along with
ew shapes were presented at fixation. Participants responded
hether each shape had been previously presented on the “left”,
n the “right”, or was “new”. Given the known retinotopic orga-
ization of posterior visual processing regions (see Sereno et
l., 1995; Slotnick & Moo, 2003), we expected that memory
or shapes on the left would evoke activity in right visual areas
hile memory for shapes on the right would evoke activity in

eft visual areas (i.e., contralateral memory effects). In a previous
vent-related potential (ERP) spatial memory study by Gratton,
orballis, and Jain (1997) that used line patterns as stimuli,
emory effects at test contralateral to the spatial location of

tems from study were observed, most markedly at temporal
calp electrodes. Furthermore, in a behavioral follow-up exper-
ment, these investigators found that participants responded
t chance as to the hemifield of initial presentation (i.e., the
ffects did not depend on response accuracy), suggesting that
he associated contralateral activity was not associated with
onscious memory. Given these findings, if our hypothesis is
orrect that early visual areas (BA17, BA18) are associated with
onconscious memory, we should observe contralateral mem-
ry effects within these regions and they should not depend
n response accuracy. A secondary aim of this experiment
eals with evidence of feature specific memory reactivation
e.g., activity associated with color or spatial location pro-
essing within the visual modality; see Slotnick, 2004). While

he previously described evidence is suggestive, ERPs have
nherently poor spatial resolution. Direct evidence for feature
pecific memory reactivation has not, to our knowledge, been
eported.

t
o
o
(

uring encoding (old-left), shapes that had been presented in the right hemifield
uring encoding (old-right), and new shapes were presented at fixation (correct
esponses are shown to the right of each shape).

In the second experiment, we used the identical stimulus
rotocol as in Slotnick and Schacter (2004) but employed a

ask that does not require explicit or conscious memory. If
ur hypothesis is correct, there should be greater activity for
ld shapes as compared to related shapes in early visual areas
BA17, BA18), corresponding to the true recognition (old-hits)
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reater than false recognition (related-false alarms) activity in
hese areas observed by Slotnick and Schacter (2004). Such
ifferential activity may reflect repetition priming (as might dif-
erential activity between old and related shapes as compared
o new shapes), a possibility that is evaluated more fully in
ection 3.

. Experiment 1

.1. Materials and methods

.1.1. Participants
Sixteen participants with normal or corrected-to-normal vision took part in

he study. The experimental protocol was approved by the Massachusetts General
ospital Internal Review Board, and informed consent was obtained from each
articipant. Four of the participants did not complete the experiment; as such,
he analysis was restricted to the remaining 12 participants (seven females; mean
ge 21 ± 2.6 S.D.).

.1.2. Stimulus and task
All participants completed one study-test session for training immediately

ollowed by six study-test sessions during fMRI. During each study phase, 32
nrelated shapes were sequentially presented every 3 s (duration 2.5 s), with
seudo-random assignment of spatial location equally often to the left or right
emifield (with each shape’s closest point 3◦ of visual angle from fixation).
hapes were generated using custom software written in MATLAB (The Math-
orks Inc.), and were comprised of four pseudo-randomly generated Bezier

urves each with end-points on adjacent sides of a bounding square that had
n edge length of 5.5◦ of visual angle. Each shape was filled with lines of a
andomly generated color and orientation (Fig. 1; for additional details, see
timulus construction details of follow-up experiment, Slotnick & Schacter,
004).

While maintaining fixation on a central cross, participants were instructed to
emember each shape and the side of the screen it was on. During each test phase,
he 32 shapes from the corresponding study phase in addition to 16 new shapes
ere sequentially presented at fixation every 4–12 s (duration 2.5 s). Shapes were
ever repeated (except for old shapes in the test phase), while line color and ori-
ntation were repeated across runs, but never within a run (except for old shapes
n the test phase). During central fixation, participants made a dual-response with
heir left hand regarding whether each shape was: (1) old and on the “left”, old
nd on the “right”, or “new” (i.e. a recognition/source memory judgment), and
2) whether they were “sure” or “unsure” of this response. The latter confidence
esponse was not considered in the present manuscript based in part on previous
bstract shape memory analyses showing little modulation of extrastriate activity
s a function of confidence (Slotnick & Schacter, 2004), but critically to ensure
here were a sufficient number of responses to conduct the present analysis. Par-
icipants were instructed that response speed and accuracy were equally impor-
ant. For a given participant, shapes were never repeated. Old-left, old-right, and
ew lists of shapes were counterbalanced across participants using a Latin square
esign.

.1.3. Imaging data acquisition and pre-processing
Imaging was conducted using a 3 T Siemens Allegra scanner with a standard

ead coil. Anatomic images were acquired using a multiplanar rapidly acquired
radient echo (MP-RAGE) sequence (TR = 30, TE = 3.3 ms, slices = 128, res-
lution = 1 mm × 1 mm × 1.33 mm). Functional images were acquired using
n echo planar imaging (EPI) sequence (TR = 2 s, TE = 30 ms, acquisition
atrix = 64 × 64, slices = 30, resolution = 4.5 mm isotropic).

Unless otherwise stated, imaging analysis was conducted using SPM99
Welcome Department of Cognitive Neurology). Functional data preprocessing
egan with slice-time correction and motion correction (i.e., alignment to the first

unctional volume for each participant), with voxel re-sampling at 3 mm isotropic
esolution. Further preprocessing, conducted using custom software written in

ATLAB, included high-pass filtering (via removal of linear, quadratic, cubic,
nd quartic components) followed by concatenation of all runs for each partici-
ant. No spatial smoothing was conducted.
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.1.4. Event-related fMRI analysis
The initial analysis was conducted using a general linear model approach.

hat is, on an individual participant basis, a canonical hemodynamic response
unction was convolved with the protocol of each event – modeled as a series
f square waves defined by each event onset and the subsequent behavioral
esponse – to produce that event’s hemodynamic response model. On an individ-
al voxel basis, a general linear model was then used to fit all event hemodynamic
esponse models to each voxel’s activation timecourse resulting in the best-fit
vent model amplitudes (i.e. beta-weights). For a given statistical contrast (e.g.,
ncoding-left > encoding-right), voxels were deemed active when the difference
etween the associated beta-weights was significantly positive (using a one-
ailed paired t-test, where variance was estimated using between participant
ariability; i.e., a random-effect analysis). One-tailed (rather than two-tailed) t-
est were employed because positive fMRI activity has been shown to reflect
ositive neural activity (Logothetis, Pauls, Augath, Trinath, & Oeltermann,
001). Hence, the direction of the statistical test (i.e., positive, rather than either
ositive or negative) was determined a priori, as it was in all cases where one-
ailed tests are subsequently employed. Events included encoding of shapes
nd locations (encoding-left, encoding-right), successful retrieval of shapes
nd previous locations (old-left-hit-hit, old-right-hit-hit), successful retrieval
f shapes but not locations (old-left-hit-miss, old-right-hit-miss), unsuccessful
etrieval of shapes (old-left-miss, old-right-miss), false memory of new shapes
new-left-false alarm, new-right-false alarm), correct rejection of new shapes
new-correct rejection), failures to respond, and a constant. Encoding and no
esponse trials were assumed to be 2.5 s in duration while other durations were
easured from stimulus onset until the behavioral response. Each event’s beta-
eight reflected the degree to which that event reflected activity within a given
oxel.

To investigate memory traces within retinotopically organized cortical
reas, right hemisphere encoding-related retinotopic regions-of-interest (ROIs)
ere identified by contrasting encoding-left versus encoding-right, and left
emisphere encoding-related retinotopic ROIs were identified by contrasting
ncoding-right versus encoding-left. To restrict these regions to only those areas
ith robust retinotopic activity, a cluster extent threshold was enforced to correct

or multiple comparisons (Forman et al., 1995; Ledberg, Åkerman, & Roland,
998; Poline & Mazoyer, 1993; Roland, Levin, Kawashima, & Åkerman, 1993).
pecifically, an individual voxel statistical threshold of p < 0.01 was enforced,
luster extent threshold corrected for multiple comparisons to p < 0.001 (i.e.,
elatively strict thresholds were enforced). Correction for multiple comparisons
equired a minimum cluster extent of 61 re-sampled voxels, a value computed
ia a Monte Carlo simulation with 1000 iterations where activity in each voxel
as modeled with a normally distributed random number (mean of zero and
nit variance) and type I error was assumed to be equal to the individual voxel
hreshold in a volume defined by the functional acquisition dimensions. Spatial
orrelation was simulated by smoothing with a 6.2 mm FWHM Gaussian; this
alue was estimated using the t-statistic maps associated with the contrasts of
nterest (i.e., encoding-left versus encoding-right and vice versa) where the spa-
ial autocorrelation of each slice was computed and the corresponding FWHM
alues were calculated (yielding a FWHM value of 6.17 ± 0.21 mm, mean ± one
tandard error; similar procedures have been used previously to estimate fMRI
patial correlation, e.g., see Katanoda, Matsuda, & Sugishita, 2002; Zarahn,
guirre, & D’Esposito, 1997). The probability of observing successively larger

luster sizes was computed (based on the Monte Carlo maximal cluster size
istribution), and the cluster extent threshold was selected such that the prob-
bility of observing that or larger clusters was less than the desired corrected
-value. Furthermore, only encoding-related activity within classically retino-
opic regions were considered (i.e. BA17, BA18, BA19; see Sereno et al., 1995;
lotnick & Moo, 2003). For the encoding-left > encoding-right contrast, a single
ontiguous cluster was observed in retinotopic regions of the right (contralat-
ral) hemisphere, while the encoding-right > encoding-left contrast also yielded
contiguous cluster in contralateral regions (and no retinotopic activity in ipsi-

ateral retinotopic regions) along with more anterior activation foci (which will
ot be considered further as these foci do not pertain to the hypothesis under

nvestigation). To aid in viewing activity, cortical segmentation and reconstruc-
ion of a representative participant were conducted using BrainVoyager (Brain
nnovation, Maastricht, The Netherlands) and then activity was projected onto
he cortical surface reconstruction (for details, see Slotnick, 2005). It is impor-
ant to note that activity projected onto an individual participant should only be
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onsidered a reflection of the group results; precise activation coordinates are
isted in the tables.

To assess retinotopic effects at retrieval, for each participant, the mean
etrieval-related beta-weights were extracted from voxels in a 6 mm sphere at
he center of each identifiable BA/gyrus intersection within encoding-related
ctivity (using custom software written in MATLAB). Note that in this ROI
nalysis, beta-weights were extracted, while it is more typical for timecourses
o be extracted. While ROI timecourse analysis was initially conducted in this
xperiment (using the procedure described in Experiment 2), it did not yield any
ignificant effects. By comparison, an ROI beta-weight analysis did produce
ignificant effects (see Section 1.2). These differential outcomes suggest that, in
his instance, ROI beta-weight analysis is more sensitive than ROI timecourse
nalysis. Why would timecourse analysis yield null results while beta-weight
nalysis produce significant results (or vice versa)? The differential sensitivity
f these methods depends in large part on how well the assumed hemodynamic
esponse model characterizes fMRI activity. If the model characterizes activ-
ty well, beta-weight analysis (which depends on the model) may prove more
ensitive than timecourse analysis (which does not depend on the model). This
ppears to be the case in the present experiment and likely reflects the fact that the
emodynamic response model accurately characterizes activity in early visual
reas. By contrast, in other regions of the brain, like the prefrontal cortex, where
ctivity is not well characterized by the hemodynamic response model, time-
ourse analysis has been shown to be more sensitive than beta-weight analysis
cf., Slotnick, 2005).

For the right hemisphere ROIs, beta-weights associated with all shapes pre-
iously presented on the left (old-left-hit-hit, old-left-hit-miss, old-left-miss)
ere compared to all shapes previously presented on the right, and vice versa

or the left hemisphere ROIs. This analysis procedure was designed such that
f increases in retrieval-related activity were in the contralateral posterior visual
reas, the difference in beta-weights should be positive in magnitude, regardless
f the encoding defined ROI hemisphere. To assess the significance of the effect
ithin each ROI, this difference was compared to a value of zero with a one-

ailed t-test, using between participant variability to estimate variance. Similarly,
o assess significance of the effect across ROIs, a one-tailed t-test was employed
sing between region variability to estimate variance. As mentioned in the intro-
uction, Slotnick and Schacter (2004) reported memory related activity within
osterior visual regions (BA17, BA18) that did not depend on accuracy (i.e.,
ctivity was associated with both old-hits and old-misses to a greater degree
han new-correct rejections); as such, we conducted the initial analysis without
egard to accuracy in an effort to increase statistical power.

Given that effects were assessed in multiple ROIs it was necessary to correct
or multiple statistical comparisons (to avoid type I error). The probability within
ach hemisphere of observing at least 1 significant activiation across n ROIs was
omputed using the equation

= 1 − (1 − α)n (1)

hereα (the type I error rate) was assumed to be 0.05. The product of these proba-
ilities gives the joint probability of observing such activity in both hemispheres.
inally, this joint probability was multiplied by the probability of observing a
iven pattern of activity (i.e., as we found one activation in the left hemisphere
nd one in the right hemisphere, see Section 1.2, the magnitude of activity across
emispheres could be positive–positive, positive–negative, negative–positive, or
egative–negative, with a given pattern corresponding to a probability of 0.25). If
he overall probability is less than p = 0.05, the results are corrected for multiple
omparisons.

To investigate the hypothesis under investigation, in ROIs with significant
etrieval-related contralateral effects, a subsequent analysis was conducted to
etermine the degree to which response accuracy may have been a factor using
two-factor within participant ANOVA to test for a significant interaction, with
ccuracy at retrieval and spatial location at encoding as factors (for elabora-
ion on the logic of using this statistic, see Section 1.2). To complement this
nalysis, an assessment of accuracy on contralateral memory effects was also

nvestigated via planned comparisons using one-tailed t-test. Specifically, in
OIs with significant retrieval-related contralateral effects, the degree to which
ccurate memory for spatial location was a factor was assessed (e.g., in the
ight hemisphere, old-left-hit-hit versus old-left-hit-miss) as was the degree to
hich recognition memory accuracy was a factor (e.g., in the right hemisphere,

c
(
c

d
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ld-left-hit-hit and old-left-hit-miss were collapsed/averaged yielding ‘old-left-
it’ which was compared to old-left-miss). For the behavioral response time
nd response number analysis, a two-factor within participant ANOVA was also
onducted to determine the effect of spatial location at encoding to test for
ignificant main effects.

.2. Results

.2.1. Behavioral results
Participants were able to remember studied shapes and correctly reject

ew shapes to a reasonable degree, independent of spatial location accu-
acy (67.2 ± 1.6% correct; chance = 50%; computed from hit rate × p(old
tem) + (1 − false alarm rate) × p(new item), cf. Macmillan & Creelman, 1991,
here hit rate = 70.2 ± 2.6%, false alarm rate = 38.9 ± 3.3%). For those items

orrectly remembered from the study phase, participants also showed rela-
ively accurate memory for spatial location (70.0 ± 2.0% correct; chance = 50%).
f relevance to the fMRI analysis, the response time to old shapes that had
een previously presented to the left (2414 ± 86 ms) was comparable to the
esponse time to old shapes that had been previously presented to the right
2402 ± 83; F(1,11) < 1), indicating ‘time on task’ differences were not a con-
ern. There were also no differences in number of responses to old shapes
reviously presented to the left or right (F(1,11) = 1.55, MSerror = 0.44, p > 0.20),
nd there were a sufficient number of responses of each event type to conduct
he analysis (old-left-hit-hit = 48.2 ± 2.1, old-left-hit-miss = 20.0 ± 1.6, old-left-
iss = 24.9 ± 2.3, old-right-hit-hit = 43.3 ± 3.4, old-right-hit-miss = 18.4 ± 1.2,

ld-right-miss = 30.8 ± 3.1).

.2.2. fMRI results
Thirteen encoding-related ROIs (six in the right hemisphere and seven in

he left hemisphere) were identified. One ROI – in the left cuneus (BA19, coor-
inates, x = −11, y = −92, z = 27) – was associated with a decrease in activity
ssociated with contralateral (old-right) retrieval events (t(35) = 4.53, p < 0.001,
ost hoc one-tailed t-test; McKiernan, Kaufman, Kucera-Thompson, & Binder,
003, also reported deactivations within this region, and discuss possible inter-
retations of such activity). Given that increases in neural activity have been
hown to correlate with increases in fMRI activity (Logothetis et al., 2001) and
he left cuneus decrease in activity was in the opposite direction as that predicted
ased on known contralateral increases in neural activity, the pattern of activity
ithin this region was not considered further. As would be expected, contralat-

ral increases in activity were observed in the remaining 12 ROIs (i.e. old-left
vents were associated with increases in activity in right ROIs and old-right
vents were associated with increases in activity in left ROIs) to a marginally
ignificant (right lingual gyrus, BA17, t(35) = 1.49, p = 0.072, and left lingual
yrus, BA18, t(35) = 1.42, p = 0.083) or significant degree (left lingual gyrus,
A17, t(35) = 2.06, p < 0.05, and the remaining nine t-values > 4, p < 0.001).
etrieval-related effects within each of these ROIs are shown in Table 1.

As expected, the difference in contralateral versus ipsilateral activity (old-
eft > old-right in right hemisphere ROIs and old-right > old-left in left hemi-
phere ROIs) was typically positive in value (Table 1, column 4, even though
ost individual ROI activation differences did not reach significance, columns 5

nd 6). Across all 12 ROIs, this contralateral memory effect proved to be signif-
cant (t(11) = 2.49, p < 0.05), although the effect within each hemisphere alone
as only marginally significant (right hemisphere, t(5) = 1.59, p = 0.086, and

eft hemisphere, t(5) = 1.94, p < 0.055). Critically, these contralateral memory
ffects reached significance in the right fusiform gyrus (BA18) and left lingual
yrus (BA18). Fig. 2 shows the event-related activity (beta-weights) associated
ith old-left and old-right event types within these regions—in the right hemi-

phere, there was greater activity associated with shapes previously presented
n the left (old-left) than those previously presented on the right (old-right),
ith the opposite pattern of activity in the left hemisphere. As mentioned pre-
iously, it was necessary to compute the probability of observing this pattern
f activity (i.e., one significant activation in each hemisphere) to ensure that
ur findings were not due to type I error associated with multiple statistical

omparisons. The probability of observing this pattern of activity was p < 0.05
see Section 1.1); therefore, these results survived correction for multiple
omparisons.

Of direct relevance to our hypothesis, subsequent analyses were con-
ucted to determine the degree to which the significant effects within the
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Table 1
Degree memory retrieval-related contralateral activity in posterior visual areas

Right ROIs BA x, y, z (L–R)beta-weight t(11) p

Lingual gyrus 17 16, −84, 3 −8.1 ± 25.1 × 10−4 <1 >0.2
Lingual gyrus 18 26, −69, −8 16.6 ± 19.9 × 10−4 <1 >0.2
Fusiform gyrus 18 27, −87, −12 104.1 ± 55.9 × 10−4 1.86 <0.05
IOG 18 39, −83, −7 18.7 ± 12.3 × 10−4 1.52 0.079
Fusiform gyrus 19 38, −78, −11 4.0 ± 21.3 × 10−4 <1 >0.2
MOG 19 48, −72, 2 20.1 ± 29.6 × 10−4 <1 >0.2

Left ROIs BA x, y, z (R–L)beta-weight t(11) p

Lingual gyrus 17 −5, −91, 1 23.5 ± 25.0 × 10−4 <1 0.18
Lingual gyrus 18 −10, −81, −13 52.9 ± 28.6 × 10−4 1.85 <0.05
Fusiform gyrus 18 −29, −90, −11 47.1 ± 41.0 × 10−4 1.15 0.14
Lingual gyrus 19 −25, −69, −3 −5.0 ± 31.1 × 10−4 <1 >0.2
Fusiform gyrus 19 −31, −67, −13 −1.2 ± 52.5 × 10−4 <1 >0.2
MOG 19 −42, −85, 5 2.9 ± 18.2 × 10−4 <1 >0.2

BA refers to Brodmann area and Talairach coordinates (x, y, z) refer to center of each encoding defined ROI (IOG: inferior occipital gyrus; MOG: middle occipital
g ociate
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yrus). Mean beta-weight difference ± one standard error (i.e. beta-weights ass
hat had been presented on the right (L–R) for right hemisphere ROIs, and vi
ncreases in retrieval-related contralateral activity within both right and left hem

ight fusiform gyrus (BA18) and left lingual gyrus (BA18) depended on
esponse accuracy. If accuracy was a principle factor, for instance, we would
xpect greater contralateral versus ipsilateral activation difference for correct
s compared to incorrect responses (e.g., in the right hemisphere, the dif-
erence between old-left-hit-hit versus old-right-hit-hit would be greater than
he difference between old-left-hit-miss versus old-right-hit-miss). However,

here was no significant effect of response accuracy (hit-hit, hit-miss, and

iss) as a function of event type (old-left and old-right) for either ROI (right
usiform, Faccuracy×event(2,22) = 1.99, MSerror = 3.73 × 10−5, p = 0.16; left lin-
ual, Faccuracy×event(2,22) = 1.86, MSerror = 2.03 × 10−5, p = 0.18), suggesting

e
i
t
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ig. 2. Encoding-related retinotopic ROIs with selected retrieval-related contralatera
he bottom and the right hemisphere to the left (gyri and sulci are shown in light a
emisphere ROIs are shown in blue. Retrieval-related beta-weights (which quantify t
OI (the fusiform gyrus, BA18) and a left hemisphere ROI (the lingual gyrus, BA18

eft and right where old-left-related activity is shown in yellow and old-right-related a
raph ordinate begins at 0.070, but the scale of both graphs is identical (such that the
For interpretation of the references to color in this figure legend, the reader is referre
d with studied shapes that had been presented on the left minus studied shapes
sa for left hemisphere ROIs) were computed such that positive values reflect
re ROIs.

hat the retrieval-related contralateral effects did not depend, to a significant
egree, on accurate retrieval of previously studied shapes (it is also notable
hat there was no effect of response accuracy after averaging activity across
ll 12 ROIs, Faccuracy×event(2,22) < 1). Still, accepting any null finding, such
s these non-significant interactions, is always tenuous. A complementary
nalysis was conducted to further investigate whether contralateral memory

ffects might depend in some way on response accuracy. That is, we exam-
ned whether contralateral activity depended on accurate memory for spa-
ial location and also whether this activity depended on accurate recognition

emory (see Section 1.1). In the right fusiform gyrus (BA18), contralateral

l effects. The cortical surface is viewed from below, with the occipital pole at
nd dark gray, respectively). Right hemisphere ROIs are shown in red and left
he magnitude of event-related activity) were extracted from a right hemisphere
), both of which manifested significant contralateral effects (see bar graphs to
ctivity is shown in green; see also Table 1). Note that the right hemisphere bar
difference in activity – which is of primary interest – can easily be compared).
d to the web version of the article.)
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Fig. 3. Behavioral protocol for Experiment 2. During phase I, sets of similar
shapes – with the same internal line orientation and color – alternated in pre-
sented to the left and right of fixation (two shapes/set shown, nine shapes/set
actually used). During phase II, three classes of shapes were presented at fixa-
tion: (1) old shapes from phase I, (2) related shapes that were similar (but not
identical) to shapes from phase I, and (3) new shapes. During both phases, par-
t
u
p

S.D. Slotnick, D.L. Schacter / Ne

ctivity did not depend on either accurate memory for spatial location or
ecognition memory accuracy (old-left-hit-hit versus old-left-hit-miss, t(11) < 1;
ld-left-hit versus old-left-miss, t(11) < 1). In the left lingual gyrus (BA18),
ontralateral activity did not depend on accurate memory for spatial location
old-right-hit-hit versus old-right-hit-miss, t(11) < 1), although it did depend on
ecognition memory accuracy (old-right-hit versus old-right-miss, t(11) = 2.34,
< 0.05). Furthermore, consistent with the findings of Slotnick and Schacter

2004), contralateral activity was independent of recognition memory accu-
acy in both regions when it was evaluated without regard for spatial location
i.e., old-hit versus old-miss; right fusiform gyrus, t(11) < 1; left lingual gyrus,
(11) = 1.10). Of particular importance, in both regions, there was no evidence
hat contralateral memory effects depended on accurate memory for spatial
ocation.

Given that the foregoing findings hinge on null results, it is important to
onsider factors that can be taken as evidence against the possibility of type II
rror. The methods overall can be considered sensitive given that a significant
ffect of recognition memory accuracy was observed. Furthermore, in the right
usiform gyrus there was a lower magnitude of contralateral activity associated
ith accurate as compared to inaccurate memory for spatial location (i.e., 0.028
ersus 0.029, anti-correlated with accuracy) and while the reverse pattern was
bserved in the left fusiform gyrus (i.e., 0.0053 versus 0.0049) the magnitude of
ctivity was nearly identical within each region as a function of spatial location
ccuracy. Thus, the overall pattern of results indicates that contralateral activity
oes not depend on accurate memory for spatial location and instead reflects
onconscious memory.

. Experiment 2

.1. Materials and methods

.1.1. Participants
Twelve participants took part in the study (11 females, mean age 23 ± 3.6

.D.). All participants were right handed and had normal or corrected-to-normal
isual acuity. The protocol was approved by the Massachusetts General Hospital
nstitutional Review Board, and written informed consent was obtained before
he study commenced.

.1.2. Stimuli and task
Given that the stimuli and experimental protocol were identical to those

sed by Slotnick and Schacter (2004) details will be limited to those rele-
ant to the present investigation. As in Experiment 1, hundreds of distinct
rototype shapes were generated. Each of these shapes was then spatially dis-
orted to produce 10 unique exemplars of that prototype (where a set of shapes
as comprised of a prototype and its corresponding exemplars), and each set
f shapes was filled with lines of the same randomly generated color and
rientation.

There were six phase I–II pairs of runs. During phase I, 16 sets of 9 exemplars
lternated between the left and right of fixation, being sequentially presented
very 3 s for a 2.5 s duration (Fig. 3). During phase II, 32 old shapes (2 exem-
lars from each phase I set), 32 related shapes (1 prototype and 1 nonstudied
xemplar from each phase I set), and 32 new shapes were presented every 4–12 s
or a 2.5 s duration. For both phases I and II, participants were instructed to
espond whether each shape’s internal lines sloped downward or upward relative
o the horizontal using the middle or index finger of their left hand, respec-
ively. Participants were told that response speed and accuracy were of equal
mportance.

.1.3. Imaging acquisition and analysis
Data acquisition and pre-processing was identical to that described in Exper-

ment 1.
For the beta-weight analysis, events included those in phase I (shapes on

he left or right) and phase II (corresponding to old shapes, related shapes, new

hapes, and failures to respond). As in Experiment 1, encoding and no response
rials were assumed to be 2.5 s in duration while other durations were measured
rom stimulus onset until the behavioral response. Also as before, a random effect
nalysis was conducted to ensure activations were consistent across participants
with a one-tailed t-test, using between participant variability to estimate vari-

a
(
p
a
o

icipants responded whether the internal line orientation of each shape sloped
pward or downward (correct responses are shown to the right of each shape, in
arentheses).

nce). Reproducing the statistical thresholds employed by Slotnick and Schacter

2004), an individual voxel threshold of p < 0.05, corrected for multiple com-
arisons to p < 0.01, was used for all contrasts (maintaining these thresholds
llowed us to directly compare the results of the present study with those
f Slotnick & Schacter, 2004, without introducing a potential confound). It
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require conscious memory. Still, the almost complete absence of activity in later
visual areas (more anterior BA19 and BA37) during an implicit memory task, in
combination with their robust activation during a recognition task in our previous
study, accords well with our previous conjecture that these regions are associated
with conscious memory (Slotnick & Schacter, 2004).
880 S.D. Slotnick, D.L. Schacter / Ne

hould be noted that these thresholds are relatively more lenient than those
sed in Experiment 1, as encoding-related activity (as was assessed previously)
eflects stimulus perception which is inherently more robust (i.e., associated
ith amplitudes an order of magnitude greater) than activity associated with

etrieval-related activity (e.g., perception-related effects, see Liu, Slotnick, &
antis, 2004; Tootell et al., 1998; retrieval-related effects, see Slotnick et al.,
003; Slotnick & Moo, 2006). The corrected p-value was enforced by requiring
hat clusters of activity were comprised of at least 31 contiguous re-sampled
oxels, a value computed via 1000 Monte Carlo simulations (in this exper-
ment, spatial correlation was ignored; for additional details, see Slotnick &
chacter, 2004). In an effort to avoid type I error, we only considered activity in
rain regions that were relevant to the hypothesis under investigation—BA17,
A18, BA19 (including and ventral to the middle occipital gyrus, in accordance
ith the activity reported by Slotnick & Schacter, 2004, Table 2), and BA37.
statistical conjunction (∩) was used to identify regions of common activity

ssociated with two contrasts. Our conjunction operation identified voxels that
ere significantly active for both contrasts of interest (as described by Caplan
Moo, 2004) which is conceptually similar but differed in instantiation from

he conjunction operation described by Friston, Holmes, Price, Buchel, and
orsley (1999; cf., Nichols, Brett, Andersson, Wager, & Poline, 2005). To con-

uct our conjunction analysis, the individual voxel threshold of each contrast
as set to p < 0.05 (following Nichols et al., 2005). As in Experiment 1, activ-

ty was projected onto the cortical surface reconstruction of a representative
articipant.

For the ROI analysis, as in Experiment 1, event-related beta-weights were
xtracted from voxels in a 6 mm sphere centered at the coordinates of early
isual area activity defined by the old-hits greater than related-false alarms con-
rast in Slotnick and Schacter (2004; Table 2). To complement this analysis,
vent-related timecourses were also extracted from these ROIs to allow for direct
omparison with the timecourse analysis results of Slotnick and Schacter (2004).
n event’s timecourse was computed using the average voxel activity within a
iven ROI, where all trial onsets (associated with that event) were aligned and
hen activity was averaged (from −2 to 18 s after onset). This procedure is similar
o event-related potential analysis, with no correction for overlapping responses
which does reduce sensitivity to some degree). Activation timecourses were
aseline corrected such that the mean activity from −2 to 0 s after event onset
as equal to 0% signal change and linear drift corrected. As the largest differ-

ntial effects in Slotnick and Schacter (2004) occurred 8 s after event onset, this
imepoint was selected a priori to conduct the main statistical assessment. Select-
ng a single timepoint has the advantage of avoiding the statistical problems
ssociated with temporal autocorrelation, while having the potential disadvan-
age of increasing type II error. Regarding the latter point, if significant effects
re observed, the results can be considered even that much more robust. Still,
iven that convolution of our event duration with a canonical hemodynamic
esponse function was expected to evoke a maximal response between 6 and

s after event onset, additional analyses were conducted on activity at 6 s and

he average activity from 6 to 8 s after event onset. For both event-related beta-
eights and timecourses, the joint probability of observing differential activity

cross n independent ROIs was computed using the chi-square value given by

able 2
egions within BA 17–19, and 37 associated with old > related shapes

egion BA x y z

ld > related (beta-weight analysis)
Lingual gyrus (R) 18/19 15 −68 −2
Lingual gyrus (L) 18 −15 −79 −7
Striate cortex (L) 17 −5 −95 0

ld > related (ROI analysis)
Fusiform gyrus (L) 18 −19 −85 −13
Lingual gyrus (L) 18 −16 −88 −13
Lingual gyrus (R) 18 9 −75 7
Cuneus (R) 18 9 −78 14
Striate cortex (R) 17 11 −76 11

egions, Brodmann areas (BAs) and Talairach coordinates (x, y, z) refer to the
enter of each contiguous cluster of activity (R: right; L: left).

F
c

ychologia 44 (2006) 2874–2886

he equation:

2 = −2 ln

n∏

i=1

pi (2)

ith 2n degrees of freedom (Fisher, 1973).

.2. Results

.2.1. Behavioral results
Fig. 4 shows the reaction times for old, related, and new shapes in phase

I. Reaction times to both old shapes (944.5 ± 16.4 ms) and related shapes
936.1 ± 13.6 ms) were faster than to new shapes (977.2 ± 15.1 ms; old ver-
us new, t = 2.0, p < 0.05; related versus new, t = 3.0, p < 0.01). These behavioral
ffects may reflect priming for old and related shapes, and their similar mag-
itude (old versus related, t < 1, ns) indicates that behavioral priming was not
pecific to the exact shape presented at study (the nature of this non-specific
riming will be more fully considered in Section 3). In addition, orientation dis-
rimination accuracy was very high (96.8 ± 1.1%) indicating the fMRI results
ere not confounded by differential task difficulty between item types.

.2.2. fMRI results
Fig. 5 (left) and Table 2 (top) illustrate the regions of activity associated

ith old greater than related shapes. Event-related beta-weights were extracted
rom the left striate cortex (BA17; Fig. 5, right), with old shapes evoking an
ncrease in activity (all subsequent results were similarly associated with event-
elated increases in activity). This old greater than related shape early visual area
ctivity (BA17, BA18) corresponds to the regions previously associated with
onconscious processing by Slotnick and Schacter (2004). It is also notable that
ne cluster of activity, although predominantly in BA18, extended into BA19,
uggesting this region can also show increased activity on tasks that do not
ig. 4. Phase II reaction times for old, related, and new shapes. Asterisks demar-
ate statistically significant reaction time differences (*p < 0.05; **p < 0.01).
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ig. 5. To the left, activity associated with old > related shapes (in red) projected o
o the right, event-related beta-weights extracted from the left striate cortex regio

o color in this figure legend, the reader is referred to the web version of the art

To obtain addition evidence relating to our primary aim, the old-hits greater
han related-false alarm contrast of Slotnick and Schacter (2004) defined
ve early visual area ROIs (Table 2, bottom) from which event-related beta-

eights were extracted (Fig. 6). All of these regions were associated with
reater old than related shape activity. The differential activity in two of
hese regions reached significance (p-values < 0.05; left fusiform gyrus, BA18,
= 1.9; right lingual gyrus, BA18, t = 1.9) and was marginally significant in

w
w
e
p

ig. 6. To the upper left, BA17 and BA18 activity associated with old-hits > related-f
or each ROI, arrows indicate the respective event-related beta-weights associated wit
voked greater activity than related shapes is reflected by the p-values shown in whit
s referred to the web version of the article.)
e ventral cortical surface of a representative participant (RH: right hemisphere).
ctivity (BA17; see color key to lower right). (For interpretation of the references

he three other regions (p < 0.10; left lingual gyrus, BA18, t = 1.5; right striate
ortex, BA17, t = 1.4; right cuneus, BA19, t = 1.4). Critically, the joint prob-
bility of observing old greater than related activity across these five regions

as also significant (p < 0.01). The identical pattern of results was observed
hen event-related timecourses were assessed at 8 s after event onset, 6 s after

vent onset, and the average activity 6 and 8 s after event onset (all joint
-values < 0.01).

alse alarms (in red) from Slotnick and Schacter (2004) that defined five ROIs.
h old and related shapes from the present study. The degree to which old shapes
e. (For interpretation of the references to color in this figure legend, the reader
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ig. 7. Activity associated with old > new shapes (in red) and the conjunction (∩
nto the medial and lateral surfaces of a representative participant (RH: right he
gure legend, the reader is referred to the web version of the article.)

Relating to the possibility that these effects reflect priming (for old and
elated shapes), Fig. 7 and Table 3 illustrate the regions associated with old
reater than new shapes (reflecting specific neural priming) and a right mid-
le occipital gyrus (BA18/BA19) region associated with the conjunction of old
reater than new shapes and related greater than new shapes (reflecting non-
pecific neural priming). While the old greater than new contrast was associated
ith activity in early visual regions (BA17, BA18), the related greater than
ew contrast was not associated with any unique regions of activity. Additional
vidence supporting this pattern of results was obtained by probing the event-
elated beta-weights extracted from the ROIs used above (Table 2, bottom).
cross these ROIs, old shapes elicited greater activity than new shapes (joint
< 0.05), while there was no significant difference in activity between related
nd new shapes (the identical pattern of results was obtained by assessing event-

elated timecourse activity at 8, 6 s, and the average of 6 and 8 s after event onset).
vent-related beta-weights were also extracted from the right middle occipital
yurs region (BA18/BA19) corresponding to non-specific neural priming. As
xpected, old shapes and related shapes were both associated with greater activ-

able 3
egions within BA 17–19, and 37 associated with old > new shapes and the
onjunction of old > new and related > new shapes

egion BA x y z

ld > new
Lingual gyrus (R) 18 16 −71 −4
Striate cortex (R) 17 11 −70 6

Old > new) ∩ (related > new)
Middle occipital gyrus (R) 18/19 27 −87 12

egions, Brodmann areas (BAs) and Talairach coordinates (x, y, z) refer to the
enter of each contiguous cluster of activity (R: right; L: left).
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ld > new and related > new shapes (in orange; see color key at center) projected
here; LH: left hemisphere). (For interpretation of the references to color in this

ty than new shapes (old versus new, t = 2.8, p < 0.01; related versus new, t = 2.32,
< 0.05), and there was no difference in activity between old and related shapes

t < 1, ns).

. General discussion

In the first experiment, we obtained evidence that retrieval
f hemifield lateralized shapes is associated with reactivation of
ncoding defined contralateral posterior visual regions. These
patially specific contralateral memory effects reached signifi-
ance within the right fusiform gyrus (BA18) and the left lingual
yrus (BA18), revealing spatially specific memory effects within
ndividual visual regions (i.e., a double dissociation of beta-
eights across hemispheres; see Fig. 2). The neural basis of
emory has been construed as a constructive process, where

he regions associated with processing an event or object dur-
ng memory encoding are reactivated during retrieval (Schacter,
orman, & Koutstaal, 1998; Squire, 1992). There are a number
f human neuroimaging findings consistent with this view (for
review, see Slotnick, 2004), including reactivation of visual

rocessing regions during memory for visual items (Slotnick
t al., 2003; Slotnick & Schacter, 2004; Vaidya et al., 2002;

heeler & Buckner, 2003; Wheeler et al., 2000), reactiva-

ion of auditory processing regions during memory for spoken
ords or sounds (Nyberg, Habib, McIntosh, & Tulving, 2000;
chacter et al., 1996; Wheeler et al., 2000), reactivation of motor
rocessing regions during memory for actions (Nyberg et al.,
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001), and reactivation of olfactory cortex during memory for
dors (Gottfried, Smith, Rugg, & Dolan, 2004). These studies
rovide compelling evidence that retrieval can evoke reactiva-
ion of cortex associated with the appropriate sensory or motor

odality, presumably reflecting the retrieval of modality specific
ncoding-related sensory processing details. Our contralateral
emory effects (reflecting memory for spatial location) provide

he first direct evidence, to our knowledge, of feature specific
emory, and support the view that memory is a constructive

rocess that operates by reactivating the individual features of
n event or object to create a unified memory.

In support of the hypothesis under investigation, analyses
f the contralateral memory related activity within the right
usiform gyrus (BA18) and left lingual gyrus (BA18) revealed
hat these memory effects did not depend on response accuracy
or spatial location. It might be expected that retrieval-related
ontralateral reactivation would be greater for accurate judg-
ents of spatial location, if such activity were associated with

onscious memory (i.e. explicit visualization of the previously
tudied hemifield lateralized shapes). However, the fact that this
ontralateral activity did not depend on spatial location accuracy
uggests that activity within BA18 is associated with noncon-
cious memory.

In the second experiment, we observed old greater than
elated shape activity in early visual regions (predominantly
A17 and BA18) during a line judgment task that did
ot require conscious/explicit memory for previously studied
hapes. Although this activity extended into BA19, it was largely
bsent from more anterior BA19 and BA37. Overall, these
esults complement our previous findings – which used the same
timuli and experimental protocol but with explicit (recognition)
emory instructions – that suggested late visual regions (BA19,
A37) are associated with conscious memory while early visual

egions (BA17, BA18) are associated with nonconscious mem-
ry (Slotnick & Schacter, 2004). The present results are also
onsistent with previous findings of distinct neural processing
ssociated with explicit and implicit memory (e.g., Donaldson,
etersen, & Buckner, 2001; Henson, Shallice, Gorno-Tempini,
Dolan, 2002; Schott et al., 2005).
The early visual region effects in this experiment may have

eflected repetition priming. Priming refers to a faciliation
r change in the processing of an item produced by a prior
ncounter with an identical or related item (Schacter, Dobbins,

Schnyer, 2004). Priming effects are most typically observed
n implicit or indirect memory tasks that do not require explicit
emory for previously studied items. It is important to con-

ider that priming is typically defined in terms of familiar object
rocessing and is manifested by a decrease in ventral occipi-
otemporal activity relative to new objects (Buckner et al., 1998;
ger, Henson, Driver, & Dolan, 2004; Henson, Rylands, Ross,
uilleumeir, & Rugg, 2004; Koutstaal et al., 2001; Simons,
outstaal, Prince, Wagner, & Schacter, 2003; van Turennout,
ielamowics, & Martin, 2003; Vuilleumier, Henson, Driver, &

olan, 2002; this corresponds to the classic posterior cortical

ctivity priming related decreases with words, for a review, see
chacter & Buckner, 1998). However, repetition priming can
lso refer to processing of unfamiliar shapes or objects that can

s
o
f
h
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licit increases in ventral occipitotemporal activity relative to
ew objects (Henson, Shallice, & Dolan, 2000; Schacter et al.,
995; Uecker et al., 1997; priming related activity increases also
ccur for pseudowords, Fiebach, Gruber, & Supp, 2005, which
an be considered unfamiliar words). Because our stimuli consist
f abstract shapes that had not been encountered by participants
rior to the experiment, repetition priming should have been
anifested primarily by an increase in visual area activity for

ld shapes relative to related shapes and to new shapes, as was
bserved. Such priming effects are of theoretical importance, as
hey shed light on how activity in different neural regions can
eflect either specific or non-specific representations of encoded
tems. Although there have been similar studies conducted for
bjects and words, this is the first time, to our knowledge, that
riming effects for old and related shapes, relative to new shapes,
ave been evaluated.

It is important to note, however, that even though the line
udgment task used here did not require conscious/explicit mem-
ry, we cannot rule out the possibility that performance of the
ask was influenced by some type of explicit memory process.
t has long been known that performance on memory tasks is
ften not “process pure”, i.e., explicit/conscious memory can
nfluence performance on nominally implicit or indirect tasks,
nd implicit/nonconscious memory can influence performance
n nominally explicit or direct tasks (Jacoby, 1991; Schacter,
owers, & Booker, 1989). Although there is no reason to believe

hat explicit memory processes contributed to priming on our
ine judgment task, further research using appropriate behav-
oral manipulations, or patient populations with explicit memory
eficits, will be necessary to more formally evaluate this possi-
ility. Nonetheless, this study takes a step forward from previous
esults by showing that early visual areas show increased activity
n a task that does not require explicit memory, thereby pro-
iding evidence in support of our hypothesis that these regions
upport a nonconsious form of memory.

It is notable that our behavioral results showed the same
mount of priming for old and related shapes on the line judg-
ent task. The fMRI results showed a similar pattern of activity

n a right middle occipital gyrus region (BA18/19), where old
nd related shapes both elicited greater activity than new shapes.
hese effects can be described as non-specific, given they were
omparable for old and related items. By contrast, early visual
egion activity (BA17, BA18 extending into BA19) was specific
o old shapes compared with either related or new shapes (where
elated and new shape activity was equivalent).

Our non-specific behavioral priming effects may at first seem
t odds with previous object priming studies that have reported
raded behavioral priming effects, where reaction time for old
tems was faster than for related items which was faster than
or new items (Koutstaal et al., 2001; Simons et al., 2003;
uilleumier et al., 2002). However, our abstract shapes are far

ess distinct than common objects. Furthermore, the line ori-
ntation task requires participants to focus on features of the

hapes that are shared by old and related items (i.e., internal line
rientation is identical for both old and related shapes derived
rom the same prototype). Thus, old and related shapes may
ave had equivalent representations for the purpose of perform-
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ng the line orientation task (for examples of task dependent
riming effects, see Bowers, Vigliocco, & Haan, 1998; Dobbins,
chnyer, Verfaellie, & Schacter, 2004; Wagner, Koutstaal, Maril,
chacter, & Buckner, 2000; Xiong, Franks, & Logan, 2003;
or further discussion of specificity effects in priming, see
chacter et al., 2004). These non-specific behavioral prim-

ng effects were reflected in the right middle occipital gyrus
BA18/19), which suggests neural processing within this region
ubserves the behavioral effect. However, we also observed
pecific neural priming effects in early visual regions (predom-
nantly BA17, BA18). Such dissociations between behavioral
riming effects and neural priming effects are not uncommon in
tudies with old and related items. For instance, in two stud-
es employing objects (Koutstaal et al., 2001; Simons et al.,
003), graded behavioral priming effects (reaction time for
ld < related < new) were reflected in the left fusiform gyrus
activity for old < related < new), while specific neural prim-
ng was observed in the right fusiform gyrus (activity for
ld < related = new). Furthermore, in a masked word priming
tudy (with results paralleling the present study), non-specific
ehavioral priming (reaction time for old = related < new) was
eflected by non-specific neural priming in the left fusiform
yrus (activity for old = related < new), while specific neural
riming was observed in the right extrastriate cortex (activity for
ld < related = new; Dahaene et al., 2001). Why might behavioral
riming effects only be reflected in activity within certain neural
egions? Behavioral effects are a composite of many underly-
ng neural processing stages, and are highly stimulus and task
ependent. Thus, a behavioral effect may only reflect activity
n one or a limited number of neural processing regions, even
hough distinct types of processing are occurring in other neural
egions (cf., Dahaene et al., 2004).

As a case in point, our specific neural priming effects in
arly visual areas (activity for old > related = new) did not reflect
ur non-specific behavioral priming effects (reaction time for
ld = related < new). With regard to the source of this specific
eural priming, it is important to consider that old and related
hapes consisted of identical internal line color and orientation
such that orientation or color differences could not have driven
he differential early visual area effects). Only the shape out-
ine/contours differed between old and related shapes (and also
iffered between old and new shapes). Therefore, specific rep-
tition priming in early visual areas can likely be attributed to
riming of old shape contours, which differed from both related
nd new shapes. The high degree of specificity of this effect may
e due to the precise retinotopic stimulus representation in stri-
te and early extrastriate cortex (see Sereno et al., 1995; Slotnick

Moo, 2003), which should only be primed with repetition of
he precise contours delineating old shapes. It should be possi-
le to find behavioral evidence corresponding to such an effect
y using a task that requires participants to focus on or detect
he features that distinguish old from related shapes. Our imag-
ng results can therefore serve the useful function of generating

ypotheses that can be tested in future behavioral studies.

The results of the present experiments provide convergent
upport for our hypothesis that memory related activity in early
isual areas (BA17, BA18) reflects nonconscious processing. In

F

ychologia 44 (2006) 2874–2886

he first experiment the same explicit task and a similar stim-
lus protocol as in our previous study was used (Slotnick &
chacter, 2004), but an additional analysis was carried out to
ssess contralateral memory effects. The results of the present
tudy replicated our previously reported nonconscious memory
ffects with explicit memory instructions. In the second exper-
ment the same stimulus protocol as in our previous study was
sed (Slotnick & Schacter, 2004), but with implicit rather than
xplicit task instructions. In this way, nonconscious memory
ffects associated with stimulus priming were isolated. Over-
ll, the results indicate that memory related activity, even that
ssociated with explicit memory tasks, should not be assumed
o reflect conscious processing. Rather, memory related activ-
ty can reflect either conscious or nonconscious processing and
etermining the nature of this activity requires the appropriate
nalysis.
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