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Abstract

A successful strategy to memorize unrelated items is to associate them semantically. This learning method is typical for declarative
memory and depends on the medial temporal lobe (MTL). Yet, only a small fraction of perceived items emerge into conscious awareness and
receive the status of representations in declarative memory. This functional magnetic resonance imaging (fMRI) study tackled the mnemonic
fate of unrelated item pairs processed without conscious awareness. Stimuli consisted of a face and a written profession (experimental
condition) or of a face (control condition) exposed very briefly between pattern masks. Although the participants were unaware of the
stimuli, activity in the hippocampus and perirhinal cortex was changed in the experimental versus the control condition; perirhinal activity
changes correlated with the reaction time measure of the later nonconscious retrieval. For retrieval, the previously presented faces were
shown again, this time for conscious inspection. The task was to guess the professional category of each face. This task was to induce a
nonconscious retrieval of previously formed face–profession associations. Remarkably, activity in the hippocampus and perirhinal cortex
was enhanced when subjects were confronted with faces from the experimental versus the control condition. The degree of hippocampal
and perirhinal activation changes correlated with the reaction time measure of nonconscious retrieval. Together, our findings suggest that
new semantic associations can be formed and retrieved by way of the medial temporal lobe without awareness of the associations or its
components at encoding or any awareness that one is remembering at retrieval.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

We store a great amount of information within a short
period of time by relating pieces of information in a mean-
ingful way, thereby effectively reducing the number of
chunks of information to be stored. Part of this associative
learning proceeds intentionally—as when we try to memo-
rize the names of people we meet at a party. In most situ-
ations, however, associative learning is incidental and takes
place without conscious effort although we are aware of
the encoding situation—as when we listen to an odd story
a stranger tells at a party. The story is effortlessly linked to
the stranger whom we will later remember as the ‘guy with
the odd story’. Although much episodic learning occurs in-
cidentally, i.e. without a conscious effort to learn, encoding
is still usually accompanied by our conscious perception of
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the encoding situation. However, occasions may occur when
an event is not only incidentally encoded but even without
conscious awareness of the event itself. Such representations
may remain nonconscious or may later surface to conscious-
ness. Nonconsciously encoded information may consist of
semantic and spatial associations and therefore has proper-
ties known to depend on the medial temporal lobe (MTL).

For intentional and incidental semantic associative learn-
ing it has been shown that the intact functioning of the hip-
pocampal formation and rhinal cortices is necessary[87,88].
Moreover, functional neuroimaging revealed stronger hip-
pocampal activations when primarily unrelated items were
encoded via semantic associations than when they were
encoded as isolated entities[33,34,46,51,56,76,77]. It is,
however, unknown whether semantic associative learning
and retrieval can at all occur without conscious awareness of
both the encoding event and retrieval—and, if so, whether
these nonconscious mnemonic operations involve struc-
tures of the medial temporal lobe such as the hippocampal
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formation and rhinal cortex. In a recent study[36], we have
shown that bilateral hippocampal and right perirhinal ac-
tivations accompanied the nonconscious retrieval of faces
and face–word associations. The design of this first func-
tional magnetic resonance imaging (fMRI) study, however,
did not allow us to differentiate between memory for faces
and memory for face–word associations. The objective of
the present study was to clarify whether the nonconscious
formation and retrieval of semantic face–word associations
is possible and, if yes, whether nonconscious associative
encoding and retrieval would activate MTL structures. To
avoid the confounding effect of declarative memory, all
learning material was presented very briefly between masks
as in Henke et al.[36].

2. Methods

2.1. Participants

We examined 14 normally-sighted, right-handed men
(age: 20–43,M = 27.4, S.D. = 6.7) with no current or past
neurological or psychiatric diagnoses. Their handedness[6]
and visual acuity[4] was tested prior to the fMRI experi-
ment. Participants with a visual acuity of less than 1.0 were
excluded from the study. Informed consent was obtained
prior to the investigations. Participants were not informed
that stimuli would be briefly flashed between masks until
the end of the experiment. Our study protocol was approved
by the local ethics committee for human studies.

3. Experimental design

3.1. Stimuli

Stimuli consisted of 48 black-and-white full frontal
portraits of unknown bald individuals with neutral facial
expressions and without paraphernalia[41]. Stimuli were
digitized and degraded in contrast. Ten academic and 10
artistic professions were assigned in equal proportion to the
faces. Professions were typed below the faces (Fig. 1B).
The resulting face–profession combinations were of mean
prototypicality, i.e. the appearance of the individuals was
not indicative of their professions. This was shown in an
earlier study with 17 participants whose uninformed guesses
about the individuals’ professional categories did not differ
from chance[35]. These 48 face–word pairs were divided
into 4 sets of 12 stimuli. Two sets were used for a practice
trial and two sets for the fMRI experiment. The four sets
were balanced across tasks to distribute stimulus generated
effects. Forty black-and-white visual noise images were
created for the masks (seeSection 3.2andFig 1A and B).
The fixation slide was black with a white cross placed at a
location which corresponded to the midpoint between the
eyes of the subsequently flashed stimulus faces.

3.2. Masking technique

Masking procedures interrupt the processing of the stim-
ulus [44,68]. The pattern-masking paradigm of the present
study has been adopted from Henke et al.[36]. In the Henke
et al.[36] study, each stimulus (S) was consecutively flashed
six times within 3 s for 17 ms, flanked by masks (M) which
were presented for 183 ms, and preceded by a fixation
cross (F) which was displayed for 233 ms, in the sequence
F-M-S-M-M-S-M-F-M-S-M-M-S-M-F-M-S-M-M-S-M. In
the present study, we increased the number of stimulus rep-
etitions from 6 to 12 doubling the duration of one trial from
3 to 6 s (Fig. 1A). This increase in stimulation intensity was
introduced to obtain a behavioral measure of nonconscious
retrieval, namely reaction time differences between correct
and incorrect answers. Retrieval accuracies and a structured
interview administered following the fMRI experiment con-
firmed that participants were not aware of faces and words
flashed between masks and could not distinguish between
stimulus blocks of the experimental and control condition.

The computer driven stimulation (640× 480 resolution,
60 Hz refresh rate, 8 bit color depth) was back-projected
with a Sony LCD-projector (60 Hz refresh rate) on a screen
standing in front of the scanner. We used the stimulus pre-
sentation program “Scope” which was written for the Mi-
crosoft Windows operating Systems Windows NT 4.0 (M.
Dürsteler, University Hospital Zürich). Scope uses routines
from the Microsoft Direct Draw SDK version 3.0 A to syn-
chronize the stimulus change with the vertical retrace of the
graphic card. The refresh rate of the computer’s graphic card
was 60 Hz. At this frequency, our LCD-projector synchro-
nized itself to the graphic card’s vertical retrace rate. The
shortest presentation time which can be achieved is the time
between two vertical retraces which is 16.67 ms with our
equipment. The timing of the Scope program and the syn-
chronization of the LCD-projector with the computer were
examined using a Spectra Pritchard photometer directed to
the projection screen. We observed the photometer’s analog
output together with Scope’s flipping impulses on a digital
oscilloscope while the program was running a sequence of
alternating black-and-white images with a presentation time
of 16.67 ms per image. The photometer’s analog output and
Scope’s flipping impulses were found to be fully synchro-
nized and presentation times were consistently 17 ms.

3.3. Behavioral tasks

3.3.1. Encoding
Twelve face–word combinations were presented between

masks in the experimental condition and 12 faces alone were
presented between masks in the control condition (Fig. 1B).
The subjective percept of the stimulation sequence consisted
of moving grains, regularly interrupted by a visual fixa-
tion cross. The instruction during the stimulation sequence
was to remain attentive and to focus gaze on the fixation
cross.
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Fig. 1. Experimental design. (A) Presentation of one stimulus. Each stimulus was flashed 12 times for 17 ms flanked by pattern masks which were presented
for 183 ms. A fixation cross was interjected six times for 233 ms. (B) There were two fMRI time-series, one for nonconscious encoding and one for
nonconscious retrieval, each including an experimental and a control condition. Following the nonconscious encoding scan, the previously masked faces
were presented again without masks. The instruction was to guess the professional category of each face. Faces are reproduced from the book “Heads”
[41] by permission of A. Kayser. (C) Trials were blocked in both fMRI time-series. Four stimuli were presented in each of the three blocks per condition.

3.3.2. Retrieval
Three minutes following nonconscious encoding, a non-

conscious reactivation of the memory traces for faces (both
conditions) and face-associated occupational information
(experimental condition) was induced. The previously
masked faces from the experimental and the control condi-
tion were presented again, each only once for 5 s, all without
words and without masks (Fig. 1B). In the experimental
condition, the faces acted as cues to elicit the reactivation
of previously formed face–profession associations. The task
in both conditions was to guess the professional category
of each individual—academic or artist—and to press one
of two keys accordingly. The required translation from the
profession (e.g. pianist) to the professional category (artist)
was intended to reactivate established semantic rather than
visual or phonological face–word associations in the ex-
perimental condition. Both accuracy and reaction time data
were collected for later analysis, in particular to determine
whether reaction times differ between correct and false
answers in the experimental condition.

3.4. fMRI procedure

All images were acquired on a GE 1.5 T Signa MR scan-
ner. Anatomical data were acquired in a 3D spoiled-gradient
echo sequence with a matrix of 256× 256 and a voxel size
of 0.94 mm×0.94 mm×1.5 mm (TR= 40 ms, TE= 8 ms,
FA = 40◦, FOV = 24 × 24 cm, NEX = 1). Functional
T2∗-weighted images with a matrix size of 128×128 (voxel
size 1.72 mm× 1.72 mm× 4 mm) were obtained with a
whole-brain BOLD sensitive 2D-gradient echoplanar single
shot pulse sequence (EPI) using an axial slice orientation
(TR 4 s, flip angle 50◦, TE 50 ms, 30 slices of 3 mm with
1 mm spacing).

fMRI data were collected in two time-series, one for en-
coding and one for retrieval, separated by 3 min. Trials were
blocked with four trials per epoch (Fig. 1C). There were
three epochs for the experimental condition and three epochs
for the control condition in each time-series. An epoch lasted
24 s in the encoding scan and 20 s in the retrieval scan. The
conditions alternated according to A-B-A-B-A-B for one
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half and B-A-B-A-B-A for the other half of the participants.
The computer driven stimulation was back-projected with an
LCD-projector onto a screen that subjects viewed through a
mirror attached to the head coil. Following the fMRI exper-
iment, participants’ perceptual impressions were questioned
and recorded by use of a structured interview. Finally, par-
ticipants were fully debriefed.

3.5. Analysis of imaging data

3.5.1. Data postprocessing
Volumes were realigned to the first volume[24] (SPM99;

seehttp://www.fil.ion.ucl.ac.uk/spm). A mean image was
spatially normalized into stereotaxic space (standard EPI
template SPM99)[25]. Data were then smoothed with an
8 mm (FWHM) isotropic Gaussian kernel.

3.5.2. Group analysis
Data analysis was calculated voxel by voxel modeling

the conditions as stimulus functions—box car function con-
volved with a hemodynamic response function—applying
the general linear model (SPM99; fixed effects model). The
resulting within-subject effects of each subject were then
further analyzed in a second level analysis (SPM99; random
effects analysis) to obtain between-subjects effects. The sec-
ond level analysis accounts for the variance of responses
from subject to subject. It was also performed voxel by voxel
and consisted of a one-samplet-test upon the computed con-
trast files of each single subject. The height threshold for
this group analysis was set atP = 0.005 (uncorrected) with
five voxels extent threshold. The locations of the resulting
brain activations were a priori predicted on grounds of two
earlier experiments with similar designs[35,36].

3.5.3. Brain–behavior correlation
The individual within-subject effects on which the group

analysis was based (seeSection 3.5.2) were used for corre-
lations with the behavioral data acquired during the retrieval
scan to examine whether MTL and other areas would change
their activation level linearly with the behavioral measure.
These correlations were computed for those comparisons
which yielded significant activation changes in the MTL in
the group contrasts. The behavioral measure used for corre-
lation was each participant’s mean reaction time difference
between correct and false answers during the experimental
condition of the retrieval scan. The correlations were com-
puted using SPM99; the applied height threshold wasP =
0.005 uncorrected, and the extent threshold was five voxels.

3.5.4. Single subject analysis
Single subject analyses were performed on the realigned

and smoothed but not spatially normalized data from the
retrieval scan for the precise anatomical localization of ac-
tivation increases within the MTL during the experimental
versus the control condition. Our functional data allowed for
this analysis because it was collected nearly distortion-free.

To this aim, individual contrasts were computed with SPM
as described inSection 3.5.2and coregistered with the in-
dividual 3D anatomical scans by use of the Pmod software
(http://www.pmod.com) [53]. The height threshold for this
intraindividual analysis of the MTL was set atP = 0.05 (un-
corrected) with one voxel extent threshold. The locations of
activations within the MTL were determined by two raters
(K.H. and C.M.) who were relying on the descriptions of
anatomical landmarks and subdivisions of the MTL by In-
sausti et al.[38] and Duvernoy[18].

4. Results

4.1. Behavioral results

4.1.1. Retrieval performance
The percentage of correctly guessed professional cate-

gories in the experimental condition (M = 52.97%, S.D. =
14.73%) did not differ from the percentage achieved in the
control condition (M = 55.36%, S.D. = 9.27%; t(13) =
−0.5, P = 0.63, two-tailed) where no occupational infor-
mation was given during nonconscious encoding. Also, the
reaction times (RT) in the experimental condition did not
significantly differ from the reaction times in the control
condition of the retrieval scan (Mexp = 2246 ms, S.D.exp =
510 ms;Mcontrol = 2182 ms, S.D.control = 470 ms;t(13) =
1.02, P = 0.34, two-tailed).

However, within the experimental condition, RT were
significantly longer for false than correct selections of
professional categories (Mcorrect = 2184 ms, S.D.correct =
519 ms;Mfalse = 2321 ms, S.D.false = 488 ms; t(13) =
2.24, P = 0.04, two-tailed; Fig. 2A). Importantly, RT
for correct and false selections did not differ in the con-
trol condition (Mcorrect = 2202 ms, S.D.correct = 486 ms;
Mfalse = 2166 ms, S.D.false = 517 ms; t(13) = −0.42,
P = 0.68, two-tailed). Interestingly, we found a simi-
lar RT difference in another group of eight subjects who
consciously encoded and retrieved the same number of
face–word combinations (Fig. 2B; Mcorrect = 2436 ms,
S.D.correct = 81 ms;Mfalse = 3052 ms, S.D.false = 225 ms;
t(6) = 2.68, P = 0.04, two-tailed).

4.1.2. Subjective perception
Following the fMRI experiment, participants underwent a

structured interview and a step-by-step debriefing. All par-
ticipants reported having perceived only the fixation cross
and the moving black-and-white grains of the masks. When
participants were informed about briefly flashed face–word
stimuli and their appearance and location on the screen, one
participant mentioned to have briefly seen an ‘alien’, yet at a
different screen location than the locations where our stim-
uli appeared. Three participants claimed to have perceived
moving shapes other than faces or words which were formed
by the changing arrangements of the black-and-white dots of
the masks. Thus, four participants mentioned observations

http://www.fil.ion.ucl.ac.uk/spm
http://www.pmod.com
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Fig. 2. Reaction times during retrieval. Displayed are group means and
standard error of means. (A) Reaction times in the experimental but not the
control condition were significantly longer when participants selected false
than correct professional categories for the presented faces. (B) The same
pattern of reaction times emerged in eight further subjects who consciously
encoded and retrieved the face–word pairs (experimental conditions) or
the faces (control conditions). Asterisks indicate a significant difference
between RT for correct and false answers atP < 0.05, two-tailed.

which were elicited by certain arrangements of the rapidly
changing configurations of black-and-white grains contained
in the masks. None had perceived aspects of the actual face
and word stimuli. Therefore, we concluded that stimuli had
been presented below the subjective awareness threshold[7].

4.2. Imaging results

4.2.1. Nonconscious encoding
The group comparison between the experimental (face–

word pairs) and the control (faces alone) condition of the
nonconscious encoding scan isolates activity which under-
lies nonconscious word analyses and associating words with
faces. This comparison revealed activations in a network of
structures which have been identified in neuroimaging stud-
ies of reading. An activation focus was located in the same
area of the left fusiform gyrus that has been identified as
the ‘visual word form area’[10] (their location−42, −57,
−6; our location−44,−60,−20) (Table 1). Further activa-
tion foci were located in the left lingual gyrus and the left

cuneus. The angular gyrus was activated in the right instead
of the expected left hemisphere. The same was true for ac-
tivations in the inferior frontal gyrus, Brodmann area (BA)
44/45, and the middle (BA 21) and superior (BA 22) tempo-
ral gyri of the right rather than the left hemisphere (Table 1).
Additional right hemisphere activations were found in the
middle frontal gyrus (BA 8, 9), the left superior parietal lob-
ule (BA 7), the right inferior parietal lobule (BA 40), and
bilateral precentral gyrus and central sulcus. Finally, we lo-
cated activation foci in the anterior and posterior cingulate
gyrus.

The most significant difference was, however, revealed
by reversing the contrast, i.e. comparing the control (faces
alone) versus the experimental condition (face–word pairs).
The most significant activation change was located in the
right hippocampal formation and adjacent perirhinal cortex
(T = 5.8; Table 1, Fig. 3A). Two further voxel clusters were
located in the left hippocampal formation. A large activation
spread from the right cerebellum into the right lingual gyrus
(BA 37). The posterior part of the left middle temporal gyrus
(BA 37) and the left temporal insula also exhibited activation
changes. Further activation changes were present in the right
posterior lingual gyrus (BA 17 and 18).

4.2.2. Nonconscious retrieval
The group comparison between the experimental and

the control condition of the nonconscious retrieval scan
isolates activity which solely underlies the process of non-
consciously searching for and retrieving face–profession
associations. If no associations had been formed, this com-
parison should not yield significant results.

This comparison revealed many activation foci in a wide
network of bilateral temporo-frontal and some posterior
structures (Table 2). The strongest activation was located in
a large area enclosing the left superior temporal gyrus and
the adjacent supramarginal gyrus. Further left temporal foci
were located in the temporal pole and the posterior part of
the middle temporal gyrus. The right temporal lobe con-
tained four activation peaks. One activation comprised the
anterior hippocampal formation and the adjacent perirhinal
cortex (T = 4.12; Fig. 3B). A second perirhinal focus was
located 1 cm posterior to this first one (T = 3.52; Fig. 3B).
A third and fourth right temporal focus were found in the
middle and superior temporal gyri.

Within the frontal lobes there was a very large band of
strong activation extending from BA 11 of the right orbital
gyrus to BA 10 of the right superior frontal gyrus and stretch-
ing medially to the anterior cingulate gyrus (BA 24). Three
further right frontal activation sites were located in BA 9.
Homotopic areas in BA 9–11 of the left frontal lobe were
coactivated. A large activation spread from the left BA 9
into BA 8. There was further left frontal activation in the
inferior frontal gyrus, Broca’s area, BA 44/45, and in the
middle/superior frontal gyrus, BA 6.

In the posterior part of the brain, a strong activation in-
cluded the left middle occipital gyrus (BA 17, 18, 37). A
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Table 1
Encoding contrasts: maxima of regions

Region of activation L/R Brodmann area Coordinates for maxima voxel Number of voxels T

X Y Z

Experimental–control
Posterior cingulate R 23 6 −28 40 42 5.45
Anterior cingulate R 24 12 38 16 21 4.74
Anterior cingulate L 24 −14 40 16 7 4.05

Precentral g R 4 38 −16 40 6 4.28
Pre-/postcentral g R 4/3 42 −22 60 47 3.85
Pre-/postcentral g R 4/3 48 −22 28 21 5.39
Precentral g L 4 −24 −32 56 28 4.21
Precentral g L 4 −32 −6 60 10 3.65

Superior parietal l L 7 −28 −56 56 21 4.51
Superior parietal l L 7 −26 −64 48 9 4.01
Inferior parietal l R 40 46 −26 36 21 3.79
Angular g R 39 50 −72 20 8 3.85

Fusiform g L 37 −44 −60 −20 7 3.59
Lingual g L 18 −12 −86 −12 12 4.03
Cuneus L 18 −6 −82 28 29 4.07
Inferior frontal g R 44/45 50 18 12 36 4.16
Middle frontal g R 8 36 24 44 25 4.74
Middle frontal g R 9 36 48 32 25 4.54

Middle temporal g R 21 52 −14 −24 12 4.11
Middle temporal g R 21 64 −38 −16 14 3.63
Superior temporal g R 22 62 −32 8 10 3.66

Control–experimental
Hipp/perirhinal R 36 −16 −20 25 5.8
Cerebellum/lingual g R 37 10 −46 −24 68 5.44
Temporal insula L −34 −8 8 8 4.54
Lingual g R 17/18 16 −68 −8 34 4.26
Hipp L −16 −30 −8 7 4.2
Hipp L −34 −26 −12 7 3.93
Middle temporal g L 37 −54 −58 −4 8 3.62

P = 0.005 uncorrected, five voxels extent threshold. L, left; R, right; l, lobule; g, gyrus; hipp, hippocampal formation.

second activation focus comprised the right retrosplenial cor-
tex of BA 29. A third focus covered part of the right angular
gyrus. Parietal areas 7 were bilaterally activated. We also
located significant activation in the right putamen.

The reversed contrast (control versus experimental condi-
tion) yielded only one area of significant activation change
located in the left cerebellum.

4.2.3. Nonconscious retrieval: single subject analysis
The precise anatomical loci of MTL activations result-

ing from the comparison between the experimental and the
control condition of the retrieval scan were determined in
each of the 14 participants. Eleven of the 14 participants ex-
hibited significant MTL activations (Fig. 4, Table 3). Eight
participants activated the hippocampus (CA regions, dentate
gyrus), four the subicular structures (parasubiculum, pre-
subiculum, subiculum), seven the entorhinal cortex, eight
the perirhinal cortex, and seven the parahippocampal cortex
[18,38]. Half of these activation spots were located in the
left MTL.

4.2.4. Correlation fMRI–behavior
For the two comparisons which yielded significant activa-

tion changes within the MTL in the group statistics, we cor-
related each participant’s individual fMRI contrast with his
mean RT difference between correct and false answers dur-
ing the retrieval scan to examine the relation between fMRI
signal changes and the behavioral measure of retrieval. The
two contrasts of interest are: (1) the control versus the ex-
perimental condition of the encoding scan and (2) the ex-
perimental versus the control condition of the retrieval scan.

(1) Encoding: The same right perirhinal area which exhib-
ited a significant activation change in the group contrast
(control versus experimental condition) at coordinate
position 36,−16, −20, and 36,−8, −24 (subcluster)
linearly changed its activity with participants’ RT dif-
ferences (peak at 30,−4, −24; r = 0.8) (Fig. 3C). The
same was true for a region in BA 17 in the right lingual
gyrus (r = 0.78) and BA 37 in the right posterior infe-
rior temporal lobe (r = 0.84). Significant correlations
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Fig. 3. Results in the right perirhinal cortex from the group contrasts (A and B) and from the correlations of the individual contrasts with mean RT
differences between correct and false answers (C and D). (A) fMRI results from the group comparison between the control and the experimental condition
of the encoding scan. (B) fMRI results from the group comparison between the experimental and the control condition of the retrieval scan. (C) Correlation
between the 14 participants’ encoding contrasts (control–experimental condition) and their mean RT differences between correct and false answersduring
retrieval. (D) Correlation between the 14 participants’ retrieval contrasts (experimental–control condition) and their mean RT differences between correct
and false answers during retrieval. FMRI data are coregistered with the 14 participants’ spatially normalized (SPM99) mean brain. Activation differences
and correlation strengths are expressed in color-codedT values; the values to the right of the color bars represent the most significant results of these
whole-brain analyses. The height threshold for the group contrasts in (A and B) isT = 3.01 (P = 0.005) and for the correlations in (C and D)T = 3.05
(P = 0.005). Extent thresholds are five voxels in (A–D). The locations of significant results are displayed in the three dimensions, arrows point to the
voxel clusters in the right perirhinal region (reference points for sections). Slice positions (x, y, z) are indicated by SPM coordinates for the standard
brain from the Montreal Neurological Institute (MNI). R, right side of the brain; Diff., difference.

with behavior were also found for bilateral areas in the
superior temporal gyrus (BA 42;rleft = 0.76; rright =
0.76) and for an area in the right anterior middle tempo-
ral gyrus (BA 21;r = 0.76). The most significant (r =
0.86) linear activation change was located in the right
inferior frontal gyrus (BA 44)—an area that did not ex-
hibit significant activation change in the group contrast.

(2) Retrieval: As observed for encoding, the area in the right
perirhinal cortex which exhibited a significant activation
change in the group contrast (experimental versus con-
trol condition; peak at 36,−16, −24) also displayed a
linear activity increase associated with participants’ RT

differences (peak at 30,−6, −24; r = 0.70; Fig. 3D).
Remarkably, activity in the head of the left hippocampal
formation was also correlated with behavior (peak at
−16,−10,−20; r = 0.71) although activation changes
in this region did not reach significance in the group
contrast. There were several additional areas which
significantly changed their activities both in the group
contrast and in relation to behavior: visual areas in the
left middle (BA 18; r = 0.88) and bilateral superior
occipital gyri (BA 19; rleft = 0.81; rright = 0.79), ar-
eas in the left (BA 39;r = 0.74) and right (BA 22:
r = 0.72; BA 39: r = 0.70) superior temporal gyri, the
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Table 2
Retrieval contrasts: maxima of regions

Region of activation L/R Brodmann area Coordinates for maxima voxel Number of voxelsT

X Y Z

Experimental–control
Hipp/perirhinal R 36 −16 −24 16 4.12
Perirhinal R 34 −26 −24 5 3.52
Middle temporal g R 21 50 −10 −24 6 3.57
Superior temporal g R 22 66 −26 0 6 3.49
Middle temporal g L 37 −36 −62 4 18 4.67
Temporal pole L 38 −24 22 −28 12 3.71
Superior temporal g/supramarginal g L 22/39/40 −60 −56 20 70 8.35

Inferior frontal g L 44/45 −52 16 8 5 3.25
Middle/superior frontal g L 8/9 −34 32 36 118 5.58
Superior frontal g L 10 −18 44 8 33 5.25
Superior frontal g L 9 −18 60 28 13 4.26
Middle/superior frontal g L 6 −26 6 40 54 5.09
Orbital g L 11 −18 44 −16 89 5.00
Orbital g/superior frontal g/medial

frontal g/anterior cingulate g
R 11/10/24 24 46 −8 270 7.02

Middle frontal g R 9 34 36 32 27 4.29
Superior frontal g R 9 26 48 32 18 3.63
Superior frontal g R 9 22 42 40 14 4.1

Middle occipital g L 18/37/17 −30 −76 16 57 6.26
Retrosplenial cortex R 29 14 −44 0 52 4.82
Precuneus R 7 16 −60 36 8 4.5

Putamen R 28 0 −4 13 4.45

Angular g R 39 48 −72 32 32 4.25
Superior parietal l R 7 18 −48 72 28 4.06
Precentral g R 4 34 −20 60 29 4.83

Control–experimental
Cerebellum L −16 −78 −24 24 4.27

P = 0.005 uncorrected, five voxels extent threshold. L, left; R, right; l, lobule; g, gyrus; hipp, hippocampal formation.

Table 3
Retrieval contrast: activated MTL regions

Participants

1 2 3 4 5 6 7 8 9 10 11 12 13 14 T1 T2

MTL regions
L hipp × × × × 4 8
R hipp × × × × 4
L subiculum × 1 4
R subiculum × × × 3
L entorhinal × × × 3 7
R entorhinal × × × × × 5
L perirhinal × × × × × × × 7 8
R perirhinal × × × × 4
L parahipp × × × × × 5 7
R parahipp × × × × × 5

L, left; R, right; T1, total of participants who activated the region in the left or right hemisphere;T2, total of subjects who activated the region in either
hemisphere.

left middle temporal gyrus (BA 21;r = 0.74) and right
temporal pole (BA 38;r = 0.79), the left inferior frontal
gyrus (BA 47; r = 0.71), the left anterior cingulate
gyrus (BA 24;r = 0.79), the left orbital gyrus (BA 11;
r = 0.70), and the right middle frontal gyrus (BA 10;
r = 0.77).

5. Discussion

In the present fMRI experiment, we studied the process-
ing of masked face–profession pairs and the subsequent
nonconscious reactivation of face-associated occupational
information.
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Fig. 4. Single-subject analysis of MTL activations during retrieval. Non-normalized functional and anatomical data are presented for each participant
(#1–14) who exhibited activation differences within the MTL as a result of the retrieval contrast. Activation differences are illustrated with a common
color code forT values between 1.7 (height threshold,P = 0.05) and 5.9 (largest difference reached). The location of the displayed MTL activations
is indicated above each image. R, right hemisphere; L, left hemisphere; Bilat, bilateral; hipp, hippocampus (CA fields and dentate gyrus); parahipp,
parahippocampal cortex; subic, subiculum; parasubic, parasubiculum; entorh, entorhinal cortex; perirh, perirhinal cortex; temp, temporal; am,amygdala;
sign., significant; MTL, medial temporal lobe.

5.1. Encoding

The encoding contrast (masked face–word pairs versus
masked faces) revealed multiple activation foci in a net-
work of structures that have been found activated during
conscious word reading[2,14–16,22,23,39,65,66,70]. The
strength and extent of neural activity in response to the
masked words was clearly smaller than that reported for
conscious reading, a phenomenon which is known from
masking studies[14,31,36,44,68]. Dehaene et al.[14] have
reported cerebral activation evoked by masked words in a
subset of structures typically activated by conscious reading,
namely left extrastriate cortex, a left fusiform area that has
been identified as the ‘visual word form area’[10], and left
precentral sulcus. These brain areas were also activated by
the masked words in the present study. We found additional
activation foci within structures implicated in the reading

process, such as the left lingual gyrus[2,70], the left cuneus
[65,66] and the right instead of the expected left angular
gyrus known to mediate written word processing[16,39,66].
An unexpected right lateralization was also found for acti-
vations in the inferior frontal gyrus and in the middle and
superior temporal gyri—areas with a putative role in seman-
tic word analyses[15,22,23,39,65,67]. These activations
hint at a nonconscious word analysis up to the semantic
level, adding evidence that meaning can be nonconsciously
extracted from masked words[7,13,14,30,43,60].

The right hemisphere instead of left hemisphere dominant
activations may correspond to the known right hemisphere
preference for face processing weighting the right hemi-
sphere processing system during the formation of face–word
associations[42,48,74]or they may be due to the noncon-
scious nature of stimulus processing. The latter interpreta-
tion receives support by a study[57] in which a significant
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neural response was elicited in the right, but not left, amyg-
dala to masked presentations of a conditioned angry face.
Unmasked presentations of the same angry face produced
enhanced neural activity in the left, but not right, amygdala.
These results indicate that this neural response is lateralized
according to the subjects’ level of awareness of the stimuli.

Interestingly, the reversed contrast (masked faces ver-
sus masked face–word pairs) yielded significant activation
changes in the right hippocampal–perirhinal area and the
left hippocampal formation among others. The individ-
ual right perirhinal activation changes correlated with the
participants’ behavioral measure of the later retrieval. It is
noteworthy that exactly the same perirhinal voxel cluster,
which exhibited this signal reduction in the experimental
compared to the control condition of encoding, was later
exhibiting a signal enhancement during the nonconscious
retrieval of face–profession associations compared to the
control condition. Because conscious encoding of associ-
ations has typically been found to produce more medial
temporal activation than conscious non-associative encod-
ing, the observed signal reduction during the experimental
compared to the control condition of encoding seems para-
doxical. In the following, we offer a possible explanation
for this apparent discrepancy.

During masking, participants were processing informa-
tion at two levels, the conscious and the nonconscious
level. At the conscious level, they concentrated on the fix-
ation crosses and observed the changing configurations of
black-and-white grains contained in the masks. We found
that this task alone, with no stimuli flashed between masks,
enhanced the activity in the hippocampal area and in the
neocortex when contrasted with a simple perceptual task
(see also[50]), either because of the automatic encoding of
the configurations of the black-and-white grains or because
of the encoding of concurrent spontaneous thoughts or day
dreams[78]. At the nonconscious level, participants encoded
the briefly presented stimuli. Consequently, the hippocampal
neurons engaged in the continuous conscious encoding of
configurations and thoughts or in the discontinuous process-
ing of the masked items. We assume that a larger number
of hippocampal neurons turned from conscious to noncon-
scious encoding if a face plus a word was flashed than if only
a face alone was flashed. The BOLD signal in the hippocam-
pal area was less enhanced in response to masked face–word
pairs compared to masked faces because the firing of the
hippocampal neurons to masked stimuli was presumably in-
terrupted by the masks[44,68]. This interruption may have
decreased the local blood-oxygen level[1] compared to the
uninterrupted firing in response to the conscious encoding
of configurations and thoughts. Thus, the larger the number
of neurons which turned from the non-interrupted conscious
to the interrupted nonconscious processing, the smaller the
corresponding BOLD effect. We have observed this sign
reversal in a further fMRI study[12] and in a positron
emission tomography (PET) study[35] but not in our first
fMRI study [36] on the encoding of masked stimuli.

5.2. Retrieval

Selection accuracies in the forced-choice task between
the two professional categories were not different from
chance in both the experimental and the control condition
confirming that the masked presentations were below the
awareness threshold. Yet, the reaction latencies for the se-
lections of professional categories indicated that semantic
face–profession associations had been formed during en-
coding. Reaction latencies were significantly longer for
false than correct choices in the experimental (professions
had been presented between masks) but not the control
condition (no professions had been presented). This effect
was also apparent in subjects who consciously encoded and
retrieved face–profession associations and, more generally,
is an ubiquitous phenomenon in recall and two-alternative
forced-choice tests[17,59,61,62], and has also been ob-
served with indirect measures of memory[71]. In stem com-
pletion priming for example[26,73], the correct completion
of stems of studied words is faster than the incorrect com-
pletion of stems of studied words. Our difference in reaction
latencies between correct and false trials, by analogy with
stem completion priming, could be regarded as a measure of
implicit memory. This distinction between correct and false
trials may reflect a successful retrieval of face-associated
occupational information in correct trials, search processes
in false trials, or an interference between a first conscious
guess and conflicting nonconscious information in false
trials. In any case, reaction latencies in correct differed
from reaction latencies in false answers with reference to
the professional category of the occupations that had been
presented with the faces between masks. Therefore, some
occupational information must have been acquired with the
faces during the encoding scan. This face-associated occu-
pational information appears to have been reactivated during
the retrieval scan—yet, without influencing the conscious
selections (i.e. selection accuracies). If this were a standard
priming experiment, then reaction times for the whole set
of studied faces from the experimental and the control con-
dition would have been compared, and evidence of priming
claimed if the experimental faces produced faster reaction
times. Our subjects’ overall reaction time differences be-
tween the associative condition and the face only condition
did not yield significance. It should be considered that face
priming was present in both the experimental and the control
condition and that neither the profession labels presented
for encoding nor the corresponding professional categories
were presented during the retrieval task. Therefore, no sim-
ple reprocessing of the verbal occupational information was
possible. Instead, the faces were presented alone as cues to
elicit, together with the instruction, a cued nonconscious
retrieval of the previously formed face–profession associ-
ations. Because this is a new task it is unknown whether
the cued nonconscious retrieval increases or decreases re-
action times compared to face priming alone. A pilot study
(unpublished) and the current data showed that the reaction
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times for incorrect guesses are longer than those for correct
guesses but this difference was not big enough to increase
the overall reaction times significantly in the experimental
over the control condition.

The imaging data support our interpretation in terms of
a reactivation of face-associated semantic information. The
difference between the reaction times to correct and false
answers in the experimental condition of the retrieval scan
correlated with neural activity in brain structures related
to successful memory retrieval. We found significant cor-
relations between reaction time differences and activity in
the right perirhinal cortex and the left hippocampal forma-
tion. The degree of activity in these regions has previously
been related to successful retrieval from episodic memory
[8,29,32,63,80]. We also found an association in bilateral su-
perior temporal areas, in the left middle temporal gyrus and
the left inferior prefrontal cortex—structures known to me-
diate the retrieval of semantics[11,27,37,40,81,85,86]and
structures which had been activated during the conscious re-
trieval of face–profession combinations[36]. Moreover, ac-
tivity in the right middle frontal gyrus (BA 10) increased
with RT difference—an area whose activity has been found
to correlate with the maintenance of an ‘episodic memory re-
trieval mode’ defined as a necessary condition for remember-
ing past experiences[47]. We recognize that this correlation
is difficult to interpret because about half of the responses
contributing to each participant’s BOLD response were the
slower incorrect guesses. Therefore and to be comparable
with typical priming studies, we also correlated fMRI signal
changes with each participant’s overall reaction time differ-
ences between the experimental and the control condition
of the retrieval scan. This correlation also yielded signifi-
cant results in the right rhinal cortex (16,−4,−28), bilateral
anterior superior temporal gyri and the fronto-polar cortex
(BA 10).

Several areas where the correlations with reaction time
differences failed to reach significance were activated in the
experimental compared to the control condition, namely the
left frontal BA 6, bilateral BA 9 in the superior frontal gyri,
the right parietal BA 7, BA 40 in the left supramarginal
gyrus and BA 29 in the retrosplenial cortex. The retrospe-
nial cortex is crucial for episodic memory[28,49,52,75]
and, in the monkey brain, is heavily interconnected with the
mid-dorsolateral part of the prefrontal cortex and with the
MTL [58]. Interestingly, these additional activation sites in
areas 6, 7, 9, and 40, as well as several of the sites with
RT-correlated activity, were also obtained in two studies that
tested for the conscious retrieval of face-associated verbal
information[9,64].

We conclude that occupational information associated
with the faces was nonconsciously reactivated. Remarkably,
the reactivation of nonconscious face-associated informa-
tion induced activity increases in a network which has
been found to mediate the retrieval from episodic memory.
Contrary to what could be expected from the ‘repetition
suppression’ seen in priming following conscious or non-

conscious study[14], we found neither neocortical nor
medial temporal activity decreases during the experimen-
tal versus the control condition of retrieval. The absence
of ‘repetition suppression’ and the presence of activity in-
creases in a network known to mediate episodic memory
both suggest that this form of implicit memory is different
from priming.

Our results correspond to those of Elliott and Dolan[20]
who found activations in brain structures otherwise acti-
vated during episodic memory, in a context in which there
was no subjective recognition of stimuli. Processing ob-
jectively novel compared to familiar (because of previous
masked presentation) Japanese ideograms enhanced activ-
ity within the right parahippocampal gyrus, left mediodorsal
thalamus, left fusiform gyrus (BA 19), left superior tempo-
ral gyrus (BA 38), and right cuneus (BA 19). This effect was
task-independent, i.e. it occurred both during forced choice
judgments on the basis of preference (which of two stimuli
is more pleasant to look at?) and explicit memory (which of
two stimuli had been seen between masks?). One interpre-
tation is that activity decreased with familiar versus novel
ideograms because of ‘repetition suppression’. Alternatively,
activation in these regions reflected a response to stimulus
novelty implying that the processing of stimulus novelty is
independent of subjective awareness. Beauregard et al.[3]
found a significant increase rather than decrease[14,20] of
blood flow in the right hippocampal formation during the re-
processing of single words that had been presented between
masks compared to words that had not been presented. Their
task induces priming effects which are primarily perceptual
and not conceptual. Contrary to the found preservation of
perceptual single word priming in many patients with medial
temporal damage and amnesia, Beauregard et al.[3] suggest
that the right anterior hippocampal formation is involved in
perceptual word priming. The direction and the locus of the
hippocampal activity changes were strikingly similar in their
and the present study although the nonconscious retrieval
operations were clearly different between the two studies.

5.3. Medial temporal activations

The components of the MTL—hippocampus, perirhinal,
entorhinal, and parahippocampal cortex[5,19,54,55]—and
even the subcomponents of the hippocampus (CA1, CA3)
[45,69] appear to segregate with respect to their contribu-
tions to memory. A precise anatomical localization of MTL
activations may further our understanding of the functional
organization of MTL structures. Towards this end, we local-
ized MTL activations resulting from the individual retrieval
contrasts on the basis of the realigned and smoothed individ-
ual anatomical brain scans. Some caution is warranted with
the localization of the activation peaks because the data were
smoothed with an 8 mm isotropic Gaussian kernel. Eleven
of the 14 participants exhibited significant MTL activations
with an equal distribution across the MTL: 8 participants ac-
tivated the hippocampus (CA regions, dentate gyrus), 7 the



874 K. Henke et al. / Neuropsychologia 41 (2003) 863–876

entorhinal, 8 the perirhinal, and 7 the parahippocampal cor-
tex. Given that the primate hippocampus is linked to associ-
ation cortices by way of the perirhinal and parahippocampal
cortices and through the entorhinal cortex[79,82–84]and
considering that these related MTL structures must work
in concert for learning to be effective[21], our finding of
an equal distribution of activations in the MTL is less sur-
prising. This does not imply that the hippocampus and its
neighboring structures mediate the same form of memory
but may simply indicate that the information flow between
MTL areas is important for hippocampus-dependent mem-
ory processes.

These findings confirm and extend our previous result of
bilateral hippocampal and right perirhinal activations during
nonconscious retrieval processes[36]. The design of this first
fMRI study [36], however, did not allow us to distinguish
between the contribution from nonconscious face retrieval
and from nonconscious face–profession retrieval to brain
activation—particularly MTL activation. The present study
clarifies that the reactivation of semantic associations alone
is sufficient to increase MTL activity. This is in line with ev-
idence from patients with severe hippocampal damage who
exhibited impaired nonconscious semantic associative learn-
ing [26,71,72,73]. These lesion data and our fMRI findings
suggest a role of the MTL in both conscious and noncon-
scious semantic associative learning/retrieval. These find-
ings have theoretical implications because they suggest the
existence of an additional class of nondeclarative memory—
a class that is dependent on the hippocampal formation and
rhinal cortex. It remains to be shown in how far this class of
nonconscious memories shares characteristics with episodic
memory.
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