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The brain activity associated with automatic semantic priming has been extensively studied. Thus far
there has been no prior study that directly contrasts the neural mechanisms of semantic and affective
priming. The present study employed event-related fMRI to examine the common and distinct neural
bases underlying conceptual and affective priming with a lexical decision task. A special type of emo-
tional word, a dual-meaning word containing both conceptual meaning and affective meaning, was
adopted as target. Short stimulus onset asynchrony (SOA) (50 ms) was used to emphasize automatic pro-
cessing. Fifteen participants were scanned in the present study. We found that the left middle/superior
temporal gyrus was the brain region involved in both automatic conceptual and affective priming effects,
suggesting general lexical–semantic processing that share in the two types of priming. The left inferior
frontal gyrus and right superior temporal gyrus were found to be the conceptual-specific areas in auto-
matic priming effect, consistent with the role of these areas in more extensive within-category semantic
processes. The results also revealed that the left fusiform gyrus and left insula were the affective-specific
regions in automatic priming effect, demonstrating the involvement of the left fusiform gyrus in auto-
matic affective priming effect, and clarifying the role of the insula in emotional processing rather than
conceptual processing. Despite comparable behavioral effects of automatic conceptual priming and affec-
tive priming, the present study revealed a neural dissociation of the two types of priming, as well as the
shared neural bases.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

Semantic priming is a typical paradigm used to examine mental
representations of word meanings and their relationships (Meyer &
Schvaneveldt, 1971). The semantic priming effect refers to the in-
creased speed and accuracy in recognizing a target preceded by a
related prime word (e.g. sheep-cow), compared to an unrelated
prime (e.g. table-cow). Semantic priming is thought to reflect the
operation of different cognitive processes that make differential
contributions depending on experimental conditions and on the
semantic relationship between prime and target. For example,
when the interval between prime and target (i.e., the stimulus on-
set asynchrony, SOA) is short, semantic priming is usually ex-
plained by an automatic spread of activation through semantic
memory (Collins & Loftus, 1975; Neely, 1991).

The brain activity associated with semantic priming has been
extensively studied in normal subjects (e.g., Copland et al., 2003;
ll rights reserved.
Gold et al., 2006; Kotz, Cappa, von Cramon, & Friederici, 2002;
Mummery, Shallice, & Price, 1999; Rissman, Eliassen, & Blumstein,
2003; Rossell, Bullmore, Williams, & David, 2001; Rossell, Price, &
Nobre, 2003; Tivarus, Ibinson, Hillier, Schmalbrock, & Beversdorf,
2006; for a review, see Henson (2003)) and individuals with lesions
(e.g., Copland, 2003; Kensinger, Siri, Cappa, & Corkin, 2003;
McDonald et al., 2005; Milberg, Blumstein, & Dworetzky, 1987;
Milberg, Blumstein, Katz, Gershberg, & Brown, 1995). A large body
of literature has implicated several brain regions in semantic prim-
ing, such as the left inferolateral frontal areas (Copland et al., 2003;
Rossell et al., 2003), anterior cingulate gyrus (Mummery et al.,
1999; Rossell et al., 2001), middle/superior temporal cortex (Cop-
land et al., 2003; Gold et al., 2006; Kensinger et al., 2003; Rossell
et al., 2001, 2003) and parietal cortex (Rossell et al., 2003).

In addition to semantic priming, another type of priming has
been reported. This is the so-called ‘‘affective priming”, during
which a positive or negative prime stimulus (e.g., word or picture)
is typically presented for less than 200 ms and followed by a posi-
tive or negative target stimulus after a short interstimulus interval.
Results show that the time needed to evaluate the target stimuli as
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either ‘‘positive’’ or ‘‘negative’’ is significantly shorter when prime
and target share the same valence (i.e., positive–positive or nega-
tive–negative; this is termed ‘‘affectively congruent”) as compared
to trials in which prime and target are of opposite valence (i.e., po-
sitive–negative or negative–positive, or ‘‘affectively incongruent”)
(Hermans, De Houwer, & Eelen, 2001). Thus far the phenomenon
of affective priming has been investigated in a number of behav-
ioral studies (e.g., De Houwer, Hermans, Rothermund, & Wentura,
2002; Fazio, Sanbonmatsu, Powell, & Kardes, 1986; Hermans, De
Houwer, & Eelen, 1994; Hermans et al., 2001; for a review, see
Klauer & Musch, 2003) and several neuroimaging studies (e.g.
Fischer et al., 2003; Luo et al., 2004; Nomura et al., 2004; Wright
et al., 2001). The affective priming effect – whereby primes facili-
tate the semantic encoding of affectively congruent targets – has
been consistently observed at short SOAs (for a review, see De
Houwer et al., 2002). Neuroimaging studies have found that the
primary brain regions involved in subliminal and repetition affec-
tive priming were fusiform gyrus and amygdala (e.g., Luo et al.,
2004; Nomura et al., 2004; Wright et al., 2001).

A handful of behavioral priming studies have adopted a com-
parative approach (e.g., De Houwer et al., 2002; Klauer & Musch,
2002; Klinger, Burton, & Pitts, 2000; Storbeck & Robinson, 2004)
to compare the two types of priming effect. Significant semantic
and affective priming effects have often been demonstrated in
the same study. Though the two types of priming have similar re-
flexes at a behavioral level, whether or not the same underlying
mechanisms were implicated in semantic and affective priming
at the neural level remains unclear. To our knowledge, no single
study has simultaneously investigated the neural basis of semantic
priming and affective priming explicitly. Without direct compari-
son within a single study, the neural mechanisms underlying the
two types of priming could be obscured by various other factors.
For example, the stimuli used in semantic priming studies are usu-
ally neutrally valenced, while stimuli in affective priming studies
are often emotionally salient. Moreover, affective priming studies
typically adopt tasks that focus on emotional dimensions such as
emotional categorization (e.g., judging whether a target is positive
or negative). Thus, without an explicitly comparative approach,
any conclusions about the common or different neural nature of
the two types of priming are potentially problematic.

The present study aims to localize the neural networks – shared
and distinct – that underlie both conceptual and affective priming,
by using a combined semantic and affective priming paradigm. We
employed a particular type of word, which we term ‘‘dual-meaning
word”, was used as target. A dual-meaning word contains two rel-
evant dimensions of information: (i) a conceptual component that
reflects an object or action (its ‘‘conceptual semantics”), and (ii) a
certain attitude or emotive component (its ‘‘affective semantics”)
(Kövecses, 2003). For example, the word ‘ ’ (oppressor) contains
both the concept of ‘ ’ (emperor) and the emotion of ‘ ’
(cruel). Dual-meaning words are particularly useful for joint exam-
ination of semantic and affective priming effects. When a dual-
meaning word was primed by a semantically related word, it re-
sulted in a semantic priming pair. Likewise, when it was primed
by an affective related word, an affective priming pair was ob-
tained. In our paradigm, we used the same dual-meaning words
as the target stimuli for both semantic and affective priming con-
ditions. Additionally, we employed the same behavioral task across
both conditions. Thus, any differences between semantic priming
and affective priming could be directly assessed without the possi-
bility of being confounded by different targets or tasks across
conditions.

Note that affective priming is more of an automatic process (De
Houwer et al., 2002; Hermans et al., 1994, 2001; Murphy & Zajone,
1993), and that reliable affective priming effects were only ob-
tained with shorter SOAs (De Houwer et al., 2002; Fazio et al.,
1986; Hermans et al., 1994, 2001; for a review, see Klauer & Musch,
2003). Because of these facts, the present study used a short SOA to
ensure that affective priming effects would be reliably elicited.

In the priming literature, the lexical decision task (LDT) has
been widely used (e.g., Copland et al., 2003; Gold et al., 2006; Kotz
et al., 2002; Mummery et al., 1999; Rissman et al., 2003; Rossell
et al., 2001, 2003). In this task, participants must decide whether
the target item is a real word or not. Due to the lack of a specific
task demand (e.g., to evaluate or categorize the target), the LDT
does not explicitly favor either semantic or affective priming from
a response competition perspective (De Houwer, 2003). Because of
this, the LDT should be an appropriate task for measuring spread-
ing activation related to semantic and affective factors (Neely,
1991; Storbeck & Robinson, 2004). Moreover, a rapid presentation
event-related fMRI design (Dale & Buckner, 1997) was used, which
has the advantage of being highly resistant to the subject’s re-
sponse habituation, expectation and strategy compared with
blocked and fixed interval event-related fMRI designs, and at the
same time it is able to distinguish blood oxygenation level-depen-
dent (BOLD) responses despite signal overlaps (see also Luo et al.,
2004).

The goal of this study was to explore the common and distinct
neural networks underlying automatic semantic and affective
priming. Towards this end, a special type of emotional word,
dual-meaning words, were used as target stimuli, and a lexical
decision task was adopted. In doing so, the two types of priming
could be investigated simultaneously, and compared directly.
Based on previous literature, we expected to examine common
and specific activities for conceptual and affective priming in the
inferior frontal gyrus (IFG), middle temporal gyrus (MTG), superior
temporal gyrus (STG), fusiform gyrus (FG), and amygdala. We also
wished to examine whether the insula would index semantic or
affective priming, in order to gain insight on the debate on the role
of the insula in semantic vs. affective processing. Some researchers
have argued that the insula is a purely linguistic area used in con-
ceptual processing (e.g., Rossell et al., 2001; Rumsey et al., 1997),
while others have suggested that the insula is an area that is
responsible for verbal motivation and verbal affect (e.g., Ardila,
1999; Ardila, Benson, & Flynn, 1997). By improving on the research
design, we aimed to provide clearer evidence regarding the degree
to which the neural networks involved in semantic and effective
priming effects are shared, and the degree to which they are
distinct.
2. Methods

2.1. Participants

Fifteen native Chinese speakers, eight males and seven females,
aged from 18 to 25 years, participated in the experiment. They
were all right-handed with normal or corrected to normal vision.
None had any history of neurological or psychiatric disorders. They
all gave informed consent before the experiment.
2.2. Design

The study used a typical priming paradigm while adopting a ra-
pid presentation event-related fMRI design (see Fig. 1). The target
word was either a dual-meaning word or a non-word. Dual-mean-
ing words were preceded by a prime word that was either related
or unrelated with either the target’s conceptual or affective mean-
ing. Note that the prime word was not a dual-meaning word, and
was either neutrally or negatively valenced. The non-word was
also preceded by a prime word. The prime was presented for
50 ms, the offset of which was followed by a target for 1150 ms.



Fig. 1. The priming task. Following a warning signal and a blank screen, a prime
word was presented for 50 ms, followed by a target word which was presented for
1150 ms and another blank screen.
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The whole sequence was thus the following: warning signal ‘‘+”
(150 ms) – blank (300 ms) – prime (50 ms) – target (1150 ms)
– blank (350 ms). This constituted one trial corresponding to one
TR (2 s). The baseline was passive viewing with the same sequence,
but with the prime and the target both replaced by a blank screen.
The baseline was designed in such a way that the occurrence of
experimental events and null events appeared totally unexpected
to the subject. The subject was required to make a lexical decision
on the target word, and respond with his/her right hand if the tar-
get was a real word (e.g., ‘‘ ’), and with his/her left hand if the
target was a non-word.

As mentioned above, there were four experimental conditions,
including conceptual related pairs, conceptual unrelated pairs,
affective related pairs and affective unrelated pairs. For each of
the four experimental conditions, there were 40 trials. For non-
word pairs, there were 160 trials. For null events serving as the
baseline, there were 260 trials altogether. Moreover, 40 neutral–
neutral pairs were added as fillers, which were included to offset
the fact that all the real target words were dual-meaning words.
All types of trials were randomized. The experiment was per-
formed in four runs counterbalanced across subjects. The two re-
sponse hands were also counterbalanced across subjects.
2.3. Stimuli

A total of 400 Chinese two-character words, 80 negative dual-
meaning words, 80 negative words, 240 neutral words, were used
in the study for experimental conditions. The emotional valence of
these words was rated by 20 additional participants who were not
participants of the fMRI experiment. Ratings were based on a 9-
point Likert scale where 1 represented maximum negative and
nine maximum positive valence. The 80 dual-meaning target
words were then divided into two separate lists (Lists A and B).
Words in Lists A and B were matched for valence (2.31 for List A
and 2.54 for List B, P = 0.89). For half of the participants, words in
List A were target words for conceptual pairs and List B for affective
pairs, while for the other half, words in List B were target words for
conceptual pairs and List A for affective pairs. For the conceptual
prime word, there was no significant difference in the valence be-
tween related and unrelated conditions (5.18 for related neutral
prime words and 5.00 for unrelated neutral prime words,
P = 0.32). For the affective prime word, there was a significant dif-
ference in the valence between related and unrelated conditions
(2.17 for related negative prime words and 5.04 for unrelated neu-
tral prime words, P < 0.001).

A 5-point scale was used to assess the semantic association be-
tween the dual-meaning words and the corresponding conceptual
prime words in the conceptual priming pairs, and the affective
association between the dual-meaning words and the correspond-
ing affective prime words in the affective priming pairs. Twenty
additional participants who were not participants of the fMRI
experiment were asked to judge to what extent pairs of words
were related. Word pairs with high association were selected,
while the two types of association were not significantly different
from each other (4.15 for the semantic association vs. 4.17 for the
affective association, P = 0.72).

The prime words in the non-word pairs were either negatively
or neutrally valenced, selected from the same norms and criteria
described earlier. The non-word targets consisted of two Chinese
characters but with no meaning.

There was no significant difference in the frequency of words
(P > 0.05), the number of strokes of the characters constituting
the words (P > 0.05) across all trial types, including conceptual
or affective, related or unrelated, for the primes and targets,
respectively.

2.4. Apparatus

The fMRI experiment was performed on a 1.5 T Siemens Sonata
whole-body MRI scanner. Functional scans were obtained by using
a single-shot T2�-weighted gradient-echo echo planar imaging
(EPI) sequence. The following scan parameters were used: TR/TE/
theta = 2000 ms/50 ms/90o, FOV = 230 � 230 mm2, Matrix = 64 �
64, and slice thickness/gap = 6 mm/1.8 mm, 20 contiguous sagittal
slices were acquired to cover the whole brain at 155 time points
per run.

2.5. Experimental procedures

Before the fMRI scanning, subjects were first familiarized with
the experimental procedure, and subsequently they performed
the experiment in the scanner. The participant’s head was secured
by foam rubber to minimize movement.

2.6. fMRI data analysis

We used SPM2 (Wellcome Department of Cognitive Neurology,
London, UK) implemented in Matlab for image preprocessing and
statistical analyzes. Standard preprocessing was conducted com-
prising slice timing correction, realignment, spatial normalization
and smoothing. The functional images were normalized to the
EPI template with 2 � 2 � 2 mm3 spatial resolution, and then
smoothed with a Gaussian filter of 8 mm full-width at half-
maximum.

A general linear model was used to estimate the condition effect
with canonical hrf (hemodynamic response function) for each sub-
ject. The data were globally scaled and high-pass-filtered at 128 s.
Significant changes in hemodynamic response for each subject and
condition were assessed using t-test. Individual activation maps of
the conceptual and affective priming effects were estimated
through contrasts: (conceptually unrelated – conceptually related)
and (affectively unrelated – affectively related), respectively. To
identify the regions that showed enhancement of activation in
the priming, the reverse contrasts (i.e., related – unrelated) were
also conducted. The group averaged effects were computed with
a random-effects model. For group analyzes, only clusters with
more than 10 contiguous voxels activated above the threshold of
P < 0.001 (uncorrected) were considered as significant.

To investigate the common and segregated neural mechanisms
for automatic conceptual and affective priming, region of interest
(ROI) analyzes were conducted. The regions thought to be involved
in semantic and affective priming are selected as ROIs, including
the bilateral IFG, MTG, STG, FG, insula and amygdala. First, a
cross-priming type overall effect of interest was computed with a
random-effect one-way ANOVA model. An inclusive anatomical
mask of an ROI (e.g. FG), defined by using the Automated Anatom-
ical Labeling (AAL) template available in the SPM-Toolbox WFU
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PickAtlas (Maldjian, Laurienti, Burdette, & Kraft, 2003), was used
on the overall effect across conceptual and affective priming and
then peak activation was computed. The coordinates of the peak
activation for the above ROIs were as follows: left IFG (�26, 30,
�20), right IFG (46, 10, 14), left MTG (�54, �6, �14), right MTG
(44, �66, 4), left STG (�54, �6, �12), right STG (62, �10, 2), left
FG (�38, �20, �22), right FG (42, �22, �20), left insula (�36,
�10, 8) and right insula (38, �10, 4). An 8 mm radius sphere ROI
was drawn centered on the peak activation voxel in SPM2 using
the volume of interest (VOI) toolbar. The amygdala is one of the
most important regions in the emotional processing, and it was
one of the regions selected a priori for further analysis. Given the
small size and the shape of the amygdala, we used the AAL in
the WFU PickAtlas to structurally define the amygdala ROI. Small
volume correction (SVC, P < 0.05, false discovery rate (FDR)-cor-
rected) was carried out for these a priori regions of interest (Wors-
ley et al., 1996) in both (conceptually unrelated – related) and
(affectively unrelated – related) contrasts. We then extracted the
percent signal changes of the peak voxels in the ROI regions that
survived after SVC correction by MarsBar toolbox (http://mars-
bar.sourceforge.net/) for SPM.
3. Results

3.1. Behavioral results

The mean error rate was 3.8%, which was much lower than
chance, indicating that the subject responded to the stimuli in an
expected manner. A 2 (priming: unrelated priming/related prim-
ing) � 2 (priming type: conceptual/affective) repeated ANOVA on
RT (reaction time) indicated a significant main effect of priming
[F(1, 14) = 12.9, P < 0.01], but no significant main effect of priming
type [F(1, 14) = 0.2, P = 0.66]. Post hoc analyzes were performed
to see if the priming effect was significant in both priming types.
A significant priming effect was obtained in both the concep-
Table 1
Regions showing the automatic conceptual and affective priming effects and enhancemen

Areas BA MNI coor

x

Unrelated priming vs. related priming
Conceptual
L_inferior/middle frontal gyrus BA 11/47 �24
R_middle frontal gyrus BA 11 6
L_middle cingualte gyrus BA 23 �6
R_superior temporal gyrus BA 22 66
L_middle temporal gyrus BA 20/21 �54
L_postcentral gyrus BA 3/4/43 �58

Affective
L_insula BA 48 �38
R_insula/putamen BA 48 36
L_superior/middle temporal gyrus BA 21/22/41 �48
R_superior temporal gyrus BA 48 56
L_fusiform gyrus BA 37 �34
R_middle occipital gyrus BA 19 34
L_caudate �6

Related priming vs. unrelated priming
Conceptual
L_inferior temporal gyrus BA 20 �42
L_inferior occipital gyrus BA 18 �26
L_middle occipital gyrus BA 18 �24

Affective
R_supplementary motor area BA 6 6
L_cerebellum �20
L_cerebellum �34

Coordinates indicate location in Montreal Neurological Institute (MNI) space of the m
threshold, 10 voxels. Abbreviations: L, left hemisphere; R, right hemisphere; BA, Brodm
tual [M_unrelated = 698.5 ± 69.5 ms, M_related = 673.7 ± 60.7 ms;
F(1, 14) = 33.34, P < 0.01] and affective [M_unrelated = 698.6 ±
63.3 ms, M_related = 664.9 ± 52.7 ms; F(1, 14) = 6.24, P < 0.05]
priming condition. Analyzes showed no interaction between prim-
ing (unrelated/related) and priming type (conceptual/affective)
[F(1, 14) = 0.6, P = 0.46], suggesting that the amount of priming
did not differ significantly between the conceptual and affective
priming conditions.
3.2. fMRI results

Priming-related BOLD activations for unrelated conditions rela-
tive to related conditions, as well as the reverse contrasts, are illus-
trated in Table 1. The conceptual priming effect resulted from the
comparison between pairs where targets preceded by a conceptual
unrelated prime word and targets preceded by a conceptual related
prime. The conceptual priming effect was associated with de-
creased activity in several temporal regions, including the left
MTG and right STG. Within frontal regions, decreased activation
occurred in the left IFG, and the bilateral middle frontal gyrus
(MFG). Decreased activity was also observed in the left middle cin-
gulate gyrus and left postcentral gyrus. When contrasted with the
affectively unrelated pairs, the affectively related pairs were also
associated with decreased activity in several temporal regions,
including the left MTG/STG and right STG. Decreased activity was
also observed in the left FG, right middle occipital gyrus (MOG), left
insula, right insula/putamen and left caudate.

Additionally, other regions also showed a significant enhance-
ment effect when contrasting related pairs with unrelated pairs.
The left inferior temporal gyrus (ITG), inferior occipital gyrus
(IOG) and MOG showed a conceptual enhancement effect, and
the right supplementary motor area (SMA) and left cerebellum
showed an affective enhancement effect.

The overall effect across priming types was used to define the
ROIs. Six ROIs survived the P < 0.05 (SVC) threshold, including
t effects.

dinates Z value Cluster size

y z

32 �18 3.62 10
44 �12 3.46 42
�22 48 3.42 13
�10 2 3.48 14
�8 �14 3.92 39
�10 38 3.52 40

�12 6 4.21 84
�12 4 4.09 24
�34 4 3.88 25
�6 5 3.59 24
�40 �22 3.47 22
�66 28 3.87 29

6 14 3.60 22

�24 �22 4.14 16
�92 �4 3.66 74
�86 4 3.57

10 60 3.98 16
�72 �20 3.58 12
�64 �28 3.31 17

aximally significant voxel. Height threshold, P < 0.001, uncorrected; spatial extent
ann’s area.
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the left IFG, left MTG/STG, right STG, left FG, left insula and right
insula. No significant activation was found in the structurally de-
fined amygdala at P < 0.05 SVC. A within-subject two-way ANOVA
was used to examine the priming (unrelated and related priming)
and priming type (conceptual and affective priming) effects for the
above six ROIs based on percent signal change for each condition.
Main effects and interactions for these ANOVAs are reported, as
well as post hoc analyzes (see Fig. 2).

There was significant main effect of priming in the left MTG/STG
[F(1, 14) = 35.52, P < 0.001], but no significant main effect of prim-
ing type [F(1, 14) = 0.15, P = 0.70] and no significant interaction ef-
fects [F(1, 14) = 0.007, P = 0.93] in this region. Post hoc analyzes
confirmed that the left MTG/STG showed greater activation in
unrelated than related pairs in both conceptual [F(1, 14) = 22.72,
P < 0.001] and affective [F(1, 14) = 11.32, P < 0.01] conditions.

There were significant interaction effects in the left IFG
[F(1, 14) = 6.22, P < 0.05], left FG [F(1, 14) = 14.28, P < 0.01], left
insula [F(1, 14) = 10.08, P < 0.01] and right insula [F(1, 14) = 5.34,
P < 0.05]. While in the right STG, the interaction effect was only mar-
ginally significant [F(1, 14) = 4.13, P = 0.062]. Post hoc analyzes
showed that there were significant conceptual priming effects in
the left IFG [F(1, 14) = 16.83, P < 0.001] and the right STG
[F(1, 14) = 15.93, P < 0.001], and significant affective priming effects
in the left FG [F(1, 14) = 16.41, P < 0.001], left insula [F(1, 14) = 27.22,
P < 0.001] and right insula [F(1, 14) = 14.46, P < 0.01]. There were no
other priming effects in these regions. The data indicated that the
activities of the right insula in the related and unrelated conditions
were weaker than the baseline (see also Fig. 2C), and as such, this
area is not further discussed.
4. Discussion

The present study examined the neural correlates of automatic
conceptual and affective priming simultaneously using event-re-
lated fMRI with a lexical decision task. We are unaware of any prior
fMRI or PET study that has directly explored the commonalities
and differences between semantic and affective priming effects
Fig. 2. Brain maps and the mean percentage BOLD signal change illustrating the common
activations for conceptual and affective priming effects in the left middle/superior tempo
including the left inferior frontal gyrus (IFG) and right STG. (C) Brain regions that show
insula. Results are superimposed on the T1 template image after applying a height thres
MNI space. The error bars show standard errors. L, left hemisphere; R, right hemisphere
in the brain. Our study thus represents the first attempt at address-
ing this issue.

4.1. Behavioral priming

Behavioral results indicated a significant priming effect in both
the conceptual and affective conditions, with facilitation of the
conceptually/affectively related condition relative to the unrelated
condition. Such findings are consistent with other studies explor-
ing automatic semantic priming (Copland et al., 2003; Gold et al.,
2006; Kotz et al., 2002; Mummery et al., 1999; Rossell et al.,
2001, 2003) and affective priming (De Houwer et al., 2002; Fazio
et al., 1986; Hermans et al., 1994, 2001; Luo et al., 2004; for a re-
view, see Klauer & Musch, 2003). The replication of the conceptual
and affective priming effects in our fMRI experiment confirms that
the subjects’ behavior and task performance were normal during
scanning. The results also revealed that, at the behavioral level,
the priming effect did not differ significantly between the concep-
tual and affective priming conditions.

4.2. Common brain regions involved in automatic conceptual and
affective priming effect

The present study showed that the left MTG/STG exhibited both
significant conceptual and affective priming effects. The amount of
priming in this region did not differ significantly between the two
types of priming (see Fig. 2A). As conceptual semantics and affec-
tive semantics reflect two aspects of semantic information, they
may share common neural representations of semantics. The left
STG is normally associated with reduced activation in semantic
priming (e.g., Mummery et al., 1999; Rissman et al., 2003). This
may reflect differential modulation resulting from the automatic
activation of shared semantic representations (Rissman et al.,
2003). It may also be the case that the role of the STG in semantic
processing is to serve as a relay to and from other temporal lobe
structures (Rissman et al., 2003). The left MTG was found to be in-
volved in both automatic conceptual and affective priming in the
and dissociable areas for automatic conceptual and affective priming. (A) Common
ral gurus (MTG/STG). (B) Brain regions that showed only conceptual priming effect,

ed only affective priming effect, including the left fusiform gyrus (FG) and bilateral
hold of P < 0.05, small volume corrected (SVC). The x, y, and z coordinates are in the
. *P < 0.05, **P < 0.01.
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present study, which is also consistent with a large body of litera-
ture that implicates this region in semantic processing. Many neu-
roimaging studies have noted the contribution of the temporal
cortex to semantic memory and semantic processing (Copland
et al., 2003; Mummery et al., 1999; Rissman et al., 2003; Rossell
et al., 2001). In particular, neuroimaging studies have implicated
the left middle temporal area in a range of lexical–semantic oper-
ations including semantic priming, lexical decision, and semantic
judgment (e.g., Binder et al., 1997; Booth et al., 2002; Copland
et al., 2003; Friederici, Opitz, & Cramon, 2000; Price, Moore,
Humphreys, & Wise, 1997; Rossell et al., 2001), and the involve-
ment in semantic processing of the MTG is modality independent
(Liu et al., 2009). The role of the left MTG/STG in semantic process-
ing is also consistent with the clinical literature (Hodges, Patterson,
Oxbury, & Funnell, 1992; Martin & Chao, 2001). The common re-
duced activity in the left MTG/STG in both the conceptual and
affective priming suggests that the perception of the prime word
activates a lexical–semantic network that shares common ele-
ments with the target word, and so the target can be recognized
with greater neural efficiency (Rissman et al., 2003).

An alternative explanation for the common implication of the
left MTG/STG in both conceptual and affective priming is that this
region contributes to both semantic processing and emotional pro-
cessing. In fact, there exist neuroimaging results that suggest that
the left MTG is also implicated in the processing of emotional
information, such as emotional pictures and emotional tone (e.g.,
Lane, Fink, Chau, & Dolan, 1997; Morris et al., 1996). Current evi-
dence also suggests that the STG is engaged in emotional percep-
tion and processing (Adolphs, 2002; Meyer, Alter, Friederici,
Lohmann, & von Cramon, 2002; Mitchell, Elliott, Barry, Cruttenden,
& Woodruff, 2003).

4.3. Conceptual-specific neural activities in automatic priming effect

We found that the left IFG and right STG (BA 22) are areas that
are selectively involved in automatic conceptual priming, but not
in affective priming.

The involvement of the left IFG in conceptual priming is in accor-
dance with the role of this region in semantic processing. The left
prefrontal cortex plays an important role in semantic priming due
to its proposed role in the retrieval of semantic information (e.g.,
Booth et al., 2002; Buckner, Koutstaal, Schacter, & Rosen, 2000; Buck-
ner et al., 1995; Kotz et al., 2002; McDonald et al., 2005). This finding
is consistent with other similar studies. A number of priming studies
have shown that the activity of this region is attenuated by priming
(e.g., Buckner et al., 1995, 2000; Copland et al., 2003; Donaldson, Pet-
ersen, & Buckner, 2001; Kotz et al., 2002; Wagner, Koutstaal, Maril,
Schacter, & Buckner, 2000). For example, an fMRI study by Kotz
et al. (2002) found that the contrast between unrelated and related
target words was associated with increased activation of the left
IFG, suggesting that the suppression effect in the left IFG is due to re-
duced demand for semantic memory retrieval or the result of selec-
tion caused by the automatic semantic priming effect. Copland et al.
(2003) also found reduced activity in the ventral anterior portion of
the left inferior prefrontal cortex for conceptual priming. Reduced
activity in the left IFG has also been found to be associated with con-
ceptual repetition priming (Wagner et al., 2000). Furthermore, there
is lesion data implicating the inferolateral frontal region in semantic
priming, which suggests an automatic role in semantic processing
(e.g., Milberg et al., 1987, 1995). Our result adds to this body of neu-
roimaging studies identifying the left IFG as being critical to seman-
tic operations.

The present study also showed that the right STG was involved
in conceptual priming. This is in accordance with other similar
studies. For example, Rossell et al. (2001) found activation of the
right STG during semantic priming tasks at short and long SOA.
There are an increasing number of studies that relate right STG
activation to various aspects of semantics, which presumably re-
flects a component of the response to correct matching (Rossell
et al., 2001). For example, Kotz, von Cramon, and Friederici
(1999) noted right STG activation during semantic categorization.
In our study, the conceptual prime word and target dual-meaning
word have some shared semantic components (e.g., the prime
word ‘ ’ (emperor) and the target word ‘‘ ’ (oppressor) has
both the concept of person and emperor), while the affective prime
word and target word did not share the same semantic category,
instead having only emotional association (e.g., the prime word
‘ ’ (cruel) and the target word ‘‘ ’ (oppressor)). Thus the lat-
eralization in the fMRI data may reflect the fact that the right
STG is involved in broader, more extensive within-category seman-
tic processes (Rossell et al., 2001).

4.4. Affective-specific neural activities in automatic priming effect

We also found that the left FG and left insula are areas that are
selectively involved in automatic affective priming, but not in con-
ceptual priming.

The fusiform gyrus is an area that has been shown to be sensi-
tive to emotional manipulation. Many studies have demonstrated
that activity in the FG is modulated by the emotional valence of
materials. For example, bilateral activation in the fusiform gyrus
was found during the viewing (e.g., Lane et al., 1997) and evalua-
tion of unpleasant pictures (e.g., Paradiso et al., 1999). In addition,
a number of studies have demonstrated that the priming effect in
the brain is modulated by emotional valence, and that the occipi-
totemporal visual cortex is particularly sensitive to this (e.g.,
Rotshtein, Malach, Hadar, Graif, & Hendler, 2001; Sugase, Yamane,
Ueno, & Kawano, 1999). In these studies, however, the stimuli were
presented at a conscious level. To investigate if the emotionality of
stimuli modulates the subliminal priming effect in the left FG, Luo
et al. (2004) conducted a subliminal repetition priming study, in
which the subjects were asked to make a perceptual judgment
on the target (i.e., upright/italic judgment). They found that the left
fusiform gyrus was associated with the priming effect related to
both positive and negative words, but not neural words. Unlike
Luo et al., however, we adopted an automatic priming paradigm
and a LDT task requiring relatively deep semantic processing to ad-
dress the conceptual/affective association between prime and tar-
get. This had the effect of highlighting the role of the left fusiform
gyrus in automatic affective priming effect.

There is a longstanding debate on the role of the insula in
semantic and affective processing. While some researchers have
argued that the insula is a purely linguistic area used in conceptual
processing (Rossell et al., 2001; Rumsey et al., 1997), others have
instead suggested that the insula is an area that is important for
verbal motivation and verbal affect (Ardila, 1999; Ardila et al.,
1997). While the role of the insula is not yet clear, the joint inves-
tigation of conceptual priming and affective priming in the present
study provides a good chance to shed some light on this particular
question. Our results revealed that the insula was implicated in the
affective priming effect, but not in the conceptual priming effect
(see also Fig. 2C), lending support to theories that emphasizes
the role of the insula in affective processing. This finding is consis-
tent with previous studies regarding the role of the insula in pro-
cessing of unpleasant stimuli, such as the detection of disgust
faces (e.g., Phillips et al., 1998), perception of pain (e.g., Treede,
Apkarian, Bromm, Greenspan, & Frederich, 1999), and analysis of
distressing stimuli (e.g., Reiman et al., 1997). Therefore, our study
helps to clarify the role of the insula by noting the dissociation of
conceptual and affective priming effects in this area.

Our results also showed that the comparison of affectively unre-
lated and related pairs did not evoke significant activation in the
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amygdala, which is a crucial brain region for emotion processing
(for reviews, see Dalgleish, 2004; Phillips, Drevets, Rauch, & Lane,
2003). The lack of activation of the amygdala in automatic affective
priming is consistent with Luo et al. (2004)’s results, but is incon-
sistent with other results (e.g. Fischer et al., 2003; Nomura et al.,
2004; Wright et al., 2001). In both the present and Luo et al.’s stud-
ies, emotional words were employed, while in other studies (e.g.
Fischer et al., 2003; Nomura et al., 2004; Wright et al., 2001), emo-
tional (i.e., fearful or angry) facial expressions were used. As emo-
tional words generally have lower emotional arousal than
emotional faces, it is possible that the amygdala was not activated
in these two studies due to the low arousal level of the emotional
words. Another possibility is that activation of the amygdala might
require some amount of attention that is oriented to the emotional
dimension of the stimulus (see Pessoa, McKenna, Gutierrez, &
Ungerleider, 2002). If this were the case, the non-emotional tasks
used in the present study (i.e., LDT) and Luo et al.’s (i.e., perceptual
judgment) may fail to activate the amygdala.

4.5. Other areas showing the automatic enhancement effect

In addition to the areas that showed a suppression effect (i.e.,
the reduced neural responses associated with related relative to
unrelated pairs), there were other areas that exhibited an enhance-
ment effect, in which there was increased activity in related pairs
than unrelated pairs. For automatic conceptual priming, enhance-
ment effects were found in the left ITG, IOG and MOG. This was
consistent with the role of the left lateral and inferior temporal
cortices in explicit lexical–semantic decision (Gold et al., 2006)
and with findings on the role of the occipital lobe in the processing
of Chinese at both attentional and non-attentional levels (Peng
et al., 2003; Tan et al., 2000). For automatic affective priming, the
right SMA and left cerebellum showed enhancement effects. Previ-
ous studies have shown that emotional stimuli lead to greater
physiological responses than neutral ones do (e.g., Lang et al.,
1998; Luo et al., 2004). Such physiological responses might have
been evoked even at the automatic level, leading to an increased
activation in the SMA and cerebellum.
5. Conclusions

In summary, by using a combined semantic and affective prim-
ing paradigm and dual-meaning words as target, the present study
identified the common and distinct cerebral substrates for auto-
matic conceptual and affective priming effects. We found that
the left MTG/STG was the common brain region involved in auto-
matic conceptual and affective priming effects, suggesting a gen-
eral lexical–semantic processing that is shared by the two types
of priming. The left IFG and right STG were shown to be concep-
tual-specific areas in the automatic priming effect, consistent with
the role of these areas in more extensive within-category semantic
processes. The results also revealed that the left FG and left insula
were affective-specific regions in the automatic priming effect,
demonstrating the involvement of the left FG in automatic affec-
tive priming effect, and clarifying the role of the insula in emo-
tional rather than semantic processing. Despite the comparable
automatic conceptual priming effect and affective priming effect
at the behavioral level, the present study revealed a neural dissoci-
ation of the two types of priming, as well as a shared neural basis.
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