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*Laboratoire des Sciences Cognitives et Psycholinguistique, L’École des Hautes Études en Sciences Sociales/Centre National de la Recherche Scientifique/École
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Fonctionelle, Service Hospitalier Frédéric Joliot, Commissariat à l’Énergie Atomique/Direction des Sciences du Vivant, 91401 Orsay, France; and
†Department of Speech Physiology, Graduate School of Medicine, University of Tokyo, 3-7-1, Hongo, Tokyo 113-0033, Japan

Edited by Edward E. Smith, Columbia University, New York, NY, and approved October 15, 2007 (received for review May 15, 2007)

We explored the impact of task context on subliminal neural
priming using functional magnetic resonance imaging. The repe-
tition of words during semantic categorization produced activation
reduction in the left middle temporal gyrus previously associated
with semantic-level representation and dorsal premotor cortex. By
contrast, reading aloud produced repetition enhancement in the
left inferior parietal lobe associated with print-to-sound conver-
sion and ventral premotor cortex. Analyses of effective connectiv-
ity revealed that the task set for reading generated reciprocal
excitatory connections between the left inferior parietal and su-
perior temporal regions, reflecting the audiovisual integration
required for vocalization, whereas categorization did not produce
such backward projection to posterior regions. Thus, masked
repetition priming involves two distinct components in the task-
specific neural streams, one in the parietotemporal cortex for
task-specific word processing and the other in the premotor cortex
for behavioral response preparation. The top-down influence of
task sets further changes the directions of the unconscious priming
in the entire cerebral circuitry for reading.
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Unconscious exposure to written words facilitates the subse-
quent conscious processing of the same stimuli, a behavioral

phenomenon known as subliminal priming (1). At the neural
level, such response facilitation is mediated in part by the visual
word recognition system in the left occipitotemporal cortex. By
the use of functional magnetic resonance imaging (fMRI), the
hierarchical architecture of this region has been demonstrated as
a serial, posterior-to-anterior processing stream for increasingly
abstract representations (2–4). For instance, a shape-invariant
neural code for letter strings has been found at the left middle
fusiform gyrus (FG) showing response attenuation to the re-
peated presentation of words and word roots, whereas a more
anterolateral sector of the posterior temporal cortex exhibits
sensitivity to semantic-level representations (5). For nonalpha-
betic languages, the repetition of logographic Kanji elicits a
similar neural adaptation at the left middle temporal gyrus
(MTG) associated with semantic knowledge (6).

Importantly, most previous work measured the unconscious
neural priming under a single word-recognition task tapping
lexicosemantic representation (5–7). Thus, it remains open
whether, and to what extent, the adoption of a voluntary task set
modulates subliminal priming in the cerebral reading network. In
fact, such an influence of intentional behavior on nonconscious
cognitive processing has been proposed by neurocognitive mod-
els of consciousness (8, 9). Our transcranial magnetic stimulation
study has further demonstrated a differential effect of task on
subliminal priming (10). However, no previous work has exam-
ined the entire extent of the cerebral structures involved in
unconscious word processing as a function of task context.

In the present work, we explored how subliminal neural
priming changed under two different task instructions, reading
aloud and semantic categorization, by using a masked priming

method with fMRI. Our behavioral paradigm consisted of a
timed sequence of a subliminal prime and a visible target, each
written in either logographic Kanji or syllabic Kana (Fig. 1A).
For Japanese readers, unconscious priming occurs even when
the same word is repeated across Kanji and Kana formats, such
as “煙草” and ‘‘たばこ’’ (6). Because these logographic and
syllabic scripts have no mutual correspondence at the subword
level, this ‘‘cross-script priming’’ paradigm targets the cognitive
locus of across-script convergence between the two writing
systems, allowing us to isolate the neural codes associated with
higher-order, abstract-level representation beyond orthography.
Crucially, the pattern of the neural priming may change with the
task set engaged by participants, because the behavioral re-
sponse facilitation involves different cognitive components ac-
cording to the task requirements. That is, masked repetition
priming during reading aloud has been attributed to either the
orthography-to-phonology computation (11) or further down-
stream to the motor-articulatory codes (12). By contrast, repe-
tition priming during categorization reflects the unconscious
activation of lexicosemantic knowledge (6), and may also involve
a motor representations of the manual response (4). We further
examined the influence of cognitive sets on the cerebral lan-
guage network by computing the effective connectivity between
the brain structures showing task-specific priming effects.

Results
Behavioral results. Mean accuracy was 96.9% for reading aloud
and 94.8% for semantic categorization. The prime visibility did
not depart from the chance level [51.2% correct, t (15) � 0.56,
P � 0.5 for reading; 52.3% correct, t (15) � 0.60, P � 0.5 for
categorization], suggesting that participants were unable to see
the prime words consciously under both tasks.

The behavioral priming effect for each experiment is illus-
trated in Fig. 1B. For reading aloud, the global effect of priming
(i.e., collapsed across the four types of script change) was highly
significant [F (1, 15) � 44.12, P � 0.001]. Participants responded
25 ms faster to Kana-targets than to Kanji-targets [F (1, 15) �
409.51, P � 0.001]. These effects interacted with each other [F
(1, 15) � 18.34, P � 0.001]. There was a significant interaction
between prime script and target script [F (1, 15) � 12.25, P �
0.005]. No other main effects and interactions were significant.
For categorization, the main effect of priming was also signifi-
cant [F (1, 15) � 44.83, P � 0.001]. Neither prime script nor
target script affected the participants’ performance [F (1, 15) �
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3.37, P � 0.05; F (1, 15) � 1.45, P � 0.2]. No other interactions
reached significance.

Planned comparisons confirmed that the repetition of words
accelerated the participants’ response systematically in each of
the four priming conditions, both for reading [F (1, 15) � 38.36,
P � 0.001; F (1, 15) � 6.58, P � 0.05; F (1, 15) � 26.67, P � 0.001;
F (1, 15) � 5.74, P � 0.05, for the Kanji–Kanji, Kanji–Kana,
Kana–Kanji, Kana–Kana trials, respectively] and for categoriza-
tion [F (1, 15) � 24.54, P � 0.001; F (1, 15) � 37.33, P � 0.001;
F (1, 15) � 7.78, P � 0.05; F (1, 15) � 14.54, P � 0.005, each
respectively].

Between-task comparison revealed that participants re-
sponded 85 ms faster in reading than in categorization [F (1,
30) � 15.05, P � 0.001]. The magnitude of priming was 11 ms
greater for categorization relative to reading [F (1, 30) � 8.67,
P � 0.01], suggesting that the task context affects the subliminal
priming during word recognition. This task-by-priming interac-
tion changed with target script [triple-interaction; F (1, 30) �
9.71, P � 0.01] but not with prime script [F (1, 30) � 2.63, P �
0.1], suggesting greater saving effects for Kana targets during
categorization and for Kanji targets during reading. No other
interactions with task were significant.

Imaging Results
Repetition Priming Effects. Both reading aloud and semantic
categorization produced widespread activation of the bilateral
frontoparietotemporal regions. We searched for the brain re-
gions showing script-specific activation irrespective of the task
requirements. In the cerebral network for reading, Kanji targets
activated a medial part of the bilateral FG (x � �30, y � �51,
z � �18, Z � 3.68, and x � 42, y � �67, z � �12, Z � 3.80)
relative to Kana targets [supporting information (SI) Fig. 6].
Conversely, Kana targets activated the bilateral occipital pole
(x � �14, y � �97, z � �10, Z � 5.12, and x � 20, y � �97,
z � �4, Z � 3.71) relative to Kanji targets. No other region
exhibited significant script-specific activation across the two
tasks.

We then examined two forms of neural priming, i.e., repetition
suppression and enhancement (13), by searching for the cerebral
regions showing the repetition-induced decrease and increase of
activation. For reading aloud, the global priming effect was
detected as repetition enhancement in the left ventral premotor

cortex (PMv), inferior parietal lobe (IPL), and posterior FG
(Figs. 2 and 3). Note that the script-dependent, asymmetric
pattern of priming at this fusiform cluster came mainly from
primes in Kana. Only the left lateral prefrontal cortex and
posterior MTG exhibited response enhancement in cross-script
trials (i.e., when primes and targets were presented in different
scripts). However, no significant repetition suppression was
found throughout the entire brain volume.

For semantic categorization, the main effect of repetition
suppression was significant only in the left anterior MTG (see
Fig. 2). This region exhibited reduced response in cross-script
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Fig. 1. Experimental paradigm and behavioral results. (A) Sequence of
events used for the behavioral tasks. Participants either read aloud visible
targets or categorized them as representing natural or artificial objects. (B)
Mean reaction times (�SEM) during reading and categorization.
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Fig. 2. Neural priming in the left parietotemporal cortex. Global priming
effects (green blobs) were significant in the left IPL and posterior FG for
reading and in the left MTG for categorization (shadowed in dark gray). The
left posterior MTG (blue blob) exhibited cross-script repetition enhancement
during reading (in light gray). Bars represent the mean percent signal change
(�SEM) for each condition relative to the baseline.
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Fig. 3. Neural priming in the premotor cortex. The left PMv (green) exhibited
repetition enhancement during reading, whereas the PMd (blue) showed
repetition suppression during categorization across the four priming
conditions.

19644 � www.pnas.org�cgi�doi�10.1073�pnas.0704487104 Nakamura et al.

http://www.pnas.org/cgi/content/full/0704487104/DC1


http://www.pnas.org/cgi/content/full/0704487104/DC1
http://www.pnas.org/cgi/content/full/0704487104/DC1






http://www.pnas.org/cgi/content/full/0704487104/DC1

