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There is considerable debate regarding the extent to which limbic regions respond differentially to
items with different valences (positive or negative) or to different stimulus types (pictures or words).
In the present event-related fMRI study, 21 participants viewed words and pictures that were neutral,
negative, or positive. Negative and positive items were equated on arousal. The participants rated each
item for whether it depicted or described something animate or inanimate or something common or
uncommon. For both pictures and words, the amygdala, dorsomedial prefrontal cortex (PFC), and
ventromedial PFC responded equally to all high-arousal items, regardless of valence. Laterality effects
in the amygdala were based on the stimulus type (word = left, picture = bilateral). Valence effects
were most apparent when the individuals processed pictures, and the results revealed a lateral/medial
distinction within the PFC: The lateral PFC responded differentially to negative items, whereas the
medial PFC was more engaged during the processing of positive pictures.

In our daily lives, we experience many events that trig-
ger an emotional response: We receive a compliment, wit-
ness a car crash, or watch children playing in a park. One
widely accepted framework used to classify these diverse
emotional experiences describes emotion in two orthogo-
nal dimensions: Valence is a continuum specifying how
negative or positive an event is, whereas arousal refers
to the intensity of an event, ranging from very calming to
highly exciting or agitating (e.g., Lang, Greenwald, Brad-
ley, & Hamm, 1993; Mehrabian & Russell, 1974; Russell,
1980). There has been much interest in understanding how
these different dimensions influence the neural processes
recruited during the processing of an emotional event,
with particular emphasis on examining how processing in
the amygdala and the prefrontal cortex (PFC) is affected
by stimulus valence and arousal.

The amygdala often responds preferentially to fear-evok-
ing stimuli, in comparison with stimuli evoking other types
of emotions (e.g., happiness, disgust, or anger; Irwin et al.,
1996; Morris et al., 1996; Phillips et al., 1997; Whalen
et al., 1998; Whalen et al., 2001), and patients with damage
to the amygdala often are disproportionately impaired at
recognizing or expressing fear (Adolphs, Tranel, Damasio,
& Damasio, 1995; Broks et al., 1998; Scott et al., 1997).
These findings initially had been interpreted as evidence
that the amygdala plays a specific role in the processing of
fear-related information, in comparison with other types
of information (see Baas, Aleman, & Kahn, 2004; David-
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son & Irwin, 1999). In most of the studies demonstrating
this preferential amygdala response, however, the fear-re-
lated stimuli were more arousing than the other types of
stimuli. Therefore, a viable alternative interpretation is
that amygdala activity is linked to the arousal of stimuli.
In support of this interpretation, recent studies have dem-
onstrated that the amygdala responds to a range of high-
arousal emotions (e.g., surprise or happiness; Breiter et al.,
1996; Kim, Somerville, Johnstone, Alexander, & Whalen,
2003; Whalen et al., 2001). In fact, nearly all studies that
have examined amygdala activity to positive and negative
stimuli matched in arousal have found that the amygdala
responds to both types of stimuli (Garavan, Pendergrass,
Ross, Stein, & Risinger, 2001; Hamann, Ely, Grafton, &
Kilts, 1999; Hamann, Ely, Hoffman, & Kilts, 2002; Ha-
mann & Mao, 2002). This finding has been replicated
using pictorial stimuli (Anders, Lotze, Erb, Grodd, &
Girbaumer, 2004; Garavan et al., 2001; Hamann et al.,
2002), olfactory stimuli (Anderson et al., 2003; Royet
et al., 2000), and gustatory stimuli (Small et al., 2003).
Across these modalities, amygdala activity has been
found to relate to the intensity, or arousal, of the stimuli,
irrespective of valence (but see Kim et al., 2003, for evi-
dence that whereas the dorsal amygdala, the region most
commonly revealed by fMRI, may respond on the basis
of arousal, ventral subregions may respond in a valence-
dependent manner).

There is evidence that some regions of the PFC also
respond in a valence-independent way. In particular, some
regions of the medial PFC have shown greater responses
for both positive and negative stimuli than for neutral
stimuli (Anders et al., 2004; Dolcos, LaBar, & Cabeza,
2004; Lane, Fink, Chau, & Dolan, 1997; Lane, Reiman,
et al., 1997), and in some studies, large regions of the right
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PFC have been implicated in the processing of both posi-
tive and negative information (see Bowers, Bauer, Coslett,
& Heilman, 1985; Harrington, 1995; Hellige, 1993). The
suggestion that the PFC responds in a valence-independent
manner, however, has not been universally accepted, and
there is ample evidence that many PFC regions respond
differentially to positive and negative stimuli.

There have been two prevailing views regarding valence-
based effects in the PFC. One is that the left hemisphere
(and specifically, the left PFC) plays a disproportionate role
in the processing of positive emotions, whereas the right
hemisphere (and in particular, the right PFC) is dominant
during the processing of negative emotions (see David-
son, 1995; Davidson & Irwin, 1999). Evidence to support
this valence-based laterality hypothesis has come mainly
from lesion and electrophysiological studies. Patients with
left-hemisphere lesions tend to show depressive symp-
toms, whereas patients with right-hemisphere lesions are
more likely to show euphoria (e.g., Lee, Loring, Meader,
& Brooks, 1990; Morris et al., 1996; Paradiso, Chemerin-
ski, Yazici, Tartaro, & Robinson, 1999; Paradiso, Johnson,
et al., 1999; Starkstein et al., 1989). Measures of electro-
physiological activity have corroborated the hemispheric
asymmetry based on valence: Individuals with high right
frontal baseline activity report more negative affect and
less positive affect than do individuals with higher left
frontal baseline activity (e.g., George, Ketter, & Post,
1993; Tomarken, Davidson, Wheeler, & Doss, 1992), and
event-related potentials are greater in the right hemisphere
during the processing of negative stimuli and are greater
in the left hemisphere during the processing of positive
stimuli (e.g., Aftanas, Varlamov, Pavlov, Makhnev, &
Reva, 2001; Wheeler, Davidson, & Tomarken, 1993). The
functional neuroimaging literature, in contrast, has pro-
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vided only mixed support for this hypothesis. A few fMRI
studies have provided evidence of a left/right distinction
in the processing of positive and negative pictures (Canli,
Desmond, Zhao, Glover, & Gabrieli, 1998; Dolcos et al.,
2004) or the generation of positive and negative emotion
(Sutton et al., 1997), but others have not (e.g., Lane, Fink,
et al., 1997; Schneider et al., 1995; Teasdale et al., 1999).

The second proposal, which has garnered its strongest
support from neuroimaging investigations, is that lateral
orbital PFC regions respond preferentially to negative
stimuli, whereas ventromedial PFC regions respond pref-
erentially to positive stimuli. Evidence supporting this hy-
pothesis has come from studies in which the reward value
of stimuli has been manipulated (e.g., by inducing satiety
for a particular food): In these studies, as the stimulus
became less rewarding, activity in the ventromedial PFC
decreased, whereas activity in the orbitolateral PFC in-
creased (Small, Zatorre, Dagher, Evans, & Jones-Gotman,
2001; see also O’Doherty et al., 2000). A similar modu-
lation of the PFC has been found on tasks varying mon-
etary rewards and punishments: The ventromedial PFC
has tended to show a greater response for rewards than for
punishments, whereas the orbitolateral PFC has shown the
opposite pattern of response (O’ Doherty, Critchley, Deich-
mann, & Dolan, 2003; O’Doherty, Kringelbach, Rolls,
Hornak, & Andrews, 2001).

In summary, the literature to date has suggested that
the amygdala (at least the dorsal amygdala; Kim et al.,
2003) may respond in an arousal-based fashion, whereas
the PFC may respond in a valence-dependent manner.
However, the specific effects of valence on PFC activity
remain unclear. Moreover, because nearly all neuroimag-
ing studies investigating the effects of valence and arousal
on emotional processing have focused exclusively on the
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Figure 1. While in the scanner, the participants viewed positive, negative,
and neutral pictures and words, each for 2.5 sec. Each stimulus was preceded
by the prompt of “Animate?” or “Common?” indicating the question that the
participants should answer regarding the stimulus: Did the stimulus depict or
describe something animate, or did the stimulus depict or describe something
that would be encountered within a typical month? Interstimulus intervals of
6—16 sec were interspersed between stimuli to provide jitter.
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amygdala or the PFC (but see Anders et al., 2004, who
also examined activity in the insula, thalamus, and ante-
rior parietal cortex), the full network of regions underly-
ing arousal-related versus valence-dependent processing
remains underspecified.

The first goal of the present study was to use whole-
brain imaging to elucidate the network of regions that
respond in an arousal-related manner (i.e., to all high-

arousal stimuli, regardless of valence) versus in a valence-
related manner (i.e., preferentially to positive or negative
stimuli). We also wanted to examine whether the arousal-
and valence-based patterns of activity demonstrated in
prior experiments would extend to a paradigm in which
participants were asked to judge stimuli for nonemotional
factors (whether the stimulus described or depicted some-
thing animate/inanimate or something common/uncom-

Table 1
Regions That Showed a Greater Response to Positive Items Than to Neutral Items
Talairach MNI
Coordinates of ~ Coordinates of ~ Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere x,y,z2) x,¥,z) Area
Positive > Neutral (All)
Frontal Superior frontal gyrus L —9,54,22 -9, 54,27 9
—16, 25,43 —16, 24,48 8
Inferior frontal gyrus L —30, 14, —16 —30, 15, —18 47
—53,15,10 —54,15, 12 44
Medial frontal gyrus L -9, 36,29 -9, 36,33 9
—12,45,23 —12,45,27 8,9
R 12, 54,24 12, 54,29 10
Bilateral 5,55,11 5,56, 15 9,10
0,40, —17 0,42, —18 11
Temporal Superior temporal gyrus L —45,17, —13 —45,18, —14 38
R 41, —35,7 41, —36,6 22
Middle temporal gyrus L —45,-75,12 —45,-78,9 39
—60, —6, —15 —6l, —5, —18 21
R 45, —60, 18 45, —63, 16 39
62, —44, —1 63, —45, —4 21
Inferior temporal gyrus L —63, —18, —17 —64, —18, —21 20
Fusiform gyrus R 39, =50, —12 39, —51,17 37
Parietal Inferior parietal lobe R 48, —25,23 48, —27,24
50, —56, 39 51, —60, 39 40
Precuneus L —33, 70,42 —33, 74,42 7
—12, —63, 31 —12, —66, 30 31
Occipital Cuneus L —15,-90,5 —15, —93,1 17
Lingual gyrus L —-30, =76, —6 —30, =78, —12 18
R 18, —55, =2 18, =57, —6 18/19
Cingulate Cingulate gyrus Bilateral -3,37,—-10 —3,39,-10 32
-3,11, -8 -3,12,-9 25
—3,-34,32 -3,-37,33 31
-3,-19,34 —3,18,38 24
0,38, 12 0,39, 15 32
3, —60, 28 3, —63,27 31
3,-7,28 3,-9,30 24
Cerebellum L -9, =56, —15 -9, —57, —21
Positive > Neutral (Pictures)
Frontal Medial frontal gyrus L —12,40, 28 —12,40, 33 9
—6,50, —10 —6,52, -9 10
R 8,34, —11 8,36, —11
Temporal Superior temporal gyrus R 45, —54,20 45, —56, 19 22
Middle temporal gyrus R 45, —64, 11 45, —66, 8 37
Amygdala R 15, =3, —13 15, -2, —15
Parahippocampal gyrus R 30, —30, —6 30, —31, —9 27
Parietal Postcentral gyrus L -50, —11, 17 —51, —12,18 43
Precuneus Bilateral 0, —55,58 0, —60, 60 7
Occipital Lingual gyrus R 18, —87,4 18, —90, —1 17
Cingulate Cingulate gyrus L —11, —60, 17 —11, —63,15 31
R 17, —42, 30 17, —45, 30 31
9, —40, 27 9, —43,27 23
Bilateral —3,37,—10 —3,39,—-10 32
0,38, 12 0,39, 15 24
0, —48, 20 0, —50, 19 30
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Table 1 (Continued)

Talairach MNI
Coordinates of ~ Coordinates of  Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere (x,y,2) (x,y,2) Area
Positive > Neutral (Words)
Frontal Superior frontal gyrus L —6, 60,27 —6, 60, 33 9
—30, 25,48 —30, 23, 53 8
—39, 14, 50 -39, 12,55 6/8
Middle frontal gyrus L —48, 46, —2 —48,47,0 10
—45,16,27 —45,15,30 9/46
Inferior frontal gyrus L —53,19,24 —53,18,27 45
—32,14, —13 —-32,15,—15 47
Medial frontal gyrus L —8, 48,22 —8, 48,26 9
—6,62,16 —6, 63,26 10
R 8,62,21 8, 62,26 10
Precentral gyrus R 60, —16, 40 61, —19,43 6
Temporal Superior temporal gyrus L —48, 14, —11 —48,15, —12 38
Middle temporal gyrus L —62, —46,5 —63, —48,3 22
—53,-29,1 —53, -30, —1 21
Inferior temporal gyrus L —62, —15,—14 —63, —15,—18 21/22
Fusiform gyrus R 39, —50, —15 39, —51, —21 37
Parietal Superior parietal lobe L —30, —67,50 —-30, —72,51 7
Inferior parietal lobe L —54, —48, 24 —55, =50, 23 40
R 45, —56, 47 45, —60, 48 7/40
Postcentral gyrus R 48, —15, 40 48, —18, 43 3
Precuneus/angular gyrus L —45, —65, 34 —45, —69, 33 39
Occipital Inferior/middle occipital gyrus R 36, —79, —6 36, —81, —12 18/19
Cingulate Cingulate gyrus Bilateral -3, 36,23 -3, 36,27 32
3,39,17 3,39,21 32
0, —33,32 0, —36,33 31
0, —48,22 0, —50, 21 23/30
Cerebellum L —14, —56, —20 —14, =57, =27
Caudate L —15,12,10 —15,12,12

mon). If we think of the requirement for monitoring emo-
tional responses as being on a continuum, prior studies
examining valence and arousal effects have been closer to
the high-monitoring end of the spectrum than to the Jow-
monitoring end. Some of the tasks have required explicit
regulation of emotion, asking participants to experience
the emotion elicited and to make a pleasantness rating
(Dolcos et al., 2004). Other studies, although not requiring
explicit reporting of the emotional reaction, have never-
theless emphasized that participants should attend to their
emotional responses to the stimuli (e.g., “pay attention
and experience whatever thoughts or feelings the pictures
may elicit in you”; Hamann et al., 2002). A number of
studies have suggested that the processes engaged while
an emotional experience is monitored or labeled may be
distinct from those typically recruited during the process-
ing of emotional information (e.g., Cunningham, Raye, &
Johnson, 2004; Hariri, Bookheimer, & Mazziotta, 2000;
Lane, Fink, et al., 1997; Lane, Reiman, et al., 1997; Lange
et al., 2003; Taylor, Phan, Decker, & Liberzon, 2003; but
see Hutcherson et al., 2005, for evidence that monitoring
and reporting an emotional response may not have robust
effects on behavioral performance or neural activity).
Thus, we wanted to examine whether distinct arousal-
and valence-based responses would still be apparent when
participants performed a task that did not require monitor-
ing of an emotional response.

The second goal of the present study was to examine
whether the stimulus type (picture or word) would affect
the pattern of arousal-related and valence-dependent re-
sponses. To our knowledge, no study has compared the
arousal- and valence-based processing of two different
types of emotional stimuli within the same paradigm (but
see Royet et al., 2000, for a comparison of emotionally
valenced olfactory, visual, and auditory stimuli). By as-
sessing the neural responses to emotional pictures and
words, we could examine the extent to which valence-
dependent and arousal-based processing overlapped for
the two stimulus classes. We were particularly interested
in whether the stimulus type would affect the pattern of
response in the amygdala: Although there is some evi-
dence, from cross-study comparisons, that the amygdala
responds to high-arousal stimuli across a range of modali-
ties and stimulus types (Anderson et al., 2003; Garavan
et al., 2001; Hamann et al., 2002; Small et al., 2003), dif-
ferences in image acquisition methods make it difficult to
determine whether it is the same amygdala subregions that
respond or whether distinct regions respond on the basis
of the type of information being processed. As a corol-
lary of this second goal, we examined whether valence
or stimulus type would affect the laterality of amygdala
recruitment. Although some research has suggested that
the amygdala may respond in a stimulus-specific manner
(i.e., the left amygdala responding to words, and the right
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Table 2
Regions That Showed a Greater Response to Negative Items Than to Neutral Items
Talairach MNI
Coordinates of  Coordinates of ~ Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere x,¥,z) x,¥,z) Area
Negative > Neutral (All)
Frontal Superior frontal gyrus Bilateral -3,62,22 —3,63,28 9/10
0, 56, 28 0, 56, 33 9/10
Inferior frontal gyrus L —42,20, —14 —42,21, —15 47
L —45,18,13 —45, 18,15 45
R 53,23,2 54,24,3 47
Medial frontal gyrus Bilateral —3,43, —14 —3,45, —14 11
0,54, —10 0, 56, —9 10
Temporal  Superior temporal gyrus L —56, —60, 14 —56, —62, 12 39
—=50,11, —18 —=50,12, =21 38
R 62, —46, 10 63, —48,8 22
44, —43,18 44, —45,17 13
Middle temporal gyrus L —-51, -6, —15 —51,-7,16 21
R 50, —60, 16 50, —63, 14 19
53, —69, 20 54, =72, 18 39
56,5, —15 56,6, —18 21
Inferior temporal gyrus R 62, —7, —17 63, —6, —21 21
Amygdala L —-21, -6, —17 21, =5, =21
Parietal Precuneus Bilateral 3, —57,30 3, —60, 30 7
-3, —-62,36 —3, —66, 36 7
Inferior parietal lobe R 56, —42,24 57, —45,24 40
Cingulate gyrus Bilateral 0, —45,27 0, —48, 27
Negative > Neutral (Pictures)
Frontal Superior frontal gyrus Bilateral 3,54,27 3,54,32 9
Inferior frontal gyrus L —48, 15, 15 —48, 15,17 44/45
—33,13, —18 —33,14, =21 47
R 53,23,2 53,24,3 47
56, 30,9 57,30, 11 45
Medial frontal gyrus L —3,43, —12 —3,45, —12 10
Temporal  Superior temporal gyrus L —50, —55,16 —50, —57, 14 39
—45,16, —26 —45,18, —30 38
Middle temporal gyrus L —38, —75,25 —38, =79, 23 39
R 50, —60, 17 51, —63, 15 19
Fusiform gyrus L —41, —44, —15 —41, —45, =20 37
R 39, —53, -7 39, —54, —11 37
Amygdala L -21,-3,—12 —-21,-3,—14
—-23,-8,—10 —-23,-8,—12
R 20, —4, —17 20, —3, —20
Occipital ~ Middle occipital gyrus R 42, —64, 1 42, —66, —3 37
Cingulate gyrus Bilateral 11, —49, 19 11, =51, 18 23/30
2,20, -6 2,21, —6 24/25
Thalamus L —-12,—11,6 —-12,-12,6
Hypothalamus R 12, =3, =7 12, -3, -9
Negative > Neutral (Words)
Frontal Superior frontal gyrus L -9, 60, 27 -9, 60, 33 9/10
R 0,57,27 0,57,32 9/10
Inferior frontal gyrus L —53,27,18 —54,27,21 46
—45,20, —11 —45,21, —12 47
—44,37, —14 —44,39, —14 11
Temporal  Superior temporal gyrus L =51, —45,19 —51, —47,18 22
—36, 13, —21 —36, 14, —24 38
R 35,14, —23 35,16, =27 38
Middle temporal gyrus L —56, —52, 10 —56, —54,8 39
R 53, =26, —1 54, =27, -3 21/22
Amygdala L —26,0, —20 —26,1, —24
Parietal Precuneus L -3, —62,36 -3, —66, 36 7
Cingulate gyrus Bilateral 0, —45, 27 0, —48, 27 31




amygdala responding to pictures; see Markowitsch, 1998),
to our knowledge, this hypothesis has not been directly
assessed, and there are a number of other hypotheses re-
garding laterality effects in the amygdala (see Baas et al.,
2004; Cahill, 2003; Glascher & Adolphs, 2003; Phelps
et al., 2001).

METHOD

Participants

The participants were 21 young adults (11 men) between the ages
of 18 and 35 years. All were right-handed native English speakers
with no history of psychiatric or neurological disorders. No partici-
pant was taking any medication that would affect the central nervous
system, and no participant was depressed. Informed consent was
obtained from all the participants in a manner approved by the Har-
vard University and Massachusetts General Hospital Institutional
Review Boards.

Materials

Stimuli included 360 words (120 positive and arousing, 120 nega-
tive and arousing, and 120 neutral) and 360 pictures (120 positive
and arousing, 120 negative and arousing, and 120 neutral). Words
were selected from the ANEW database (Bradley & Lang, 1999)
and were supplemented with additional neutral words. Pictures were
selected from the IAPS database (Lang, Bradley, & Cuthbert, 1997)
and were supplemented with additional neutral pictures. The words
and pictures were chosen so that positive and negative words, and
positive and negative pictures, were equated in arousal and in ab-
solute valence (i.e., distance from neutral valence). In a separate
testing session, conducted after completion of the fMRI study, the
participants rated the stimuli for valence and arousal. The ratings
generally agreed with those from the ANEW and IAPS databases.
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Neutral pictures received a mean valence rating of 5.22 (SD = 0.64)
and a mean arousal rating of 3.45 (SD = 0.77), whereas neutral
words received a valence rating of 4.89 (SD = 0.91) and a mean
arousal rating of 3.59 (SD = 0.30). Negative pictures received a
mean valence rating of 2.76 (SD = 0.75) and a mean arousal rat-
ing of 5.83 (SD = 0.77), whereas negative words received a mean
valence rating of 2.89 (SD = 1.10) and a mean arousal rating of
5.58 (SD = 0.46). Positive pictures received a mean valence rat-
ing of 6.99 (SD = 0.66) and a mean arousal rating of 5.89 (SD =
0.75), whereas positive words received a mean valence rating of 6.67
(SD = 0.69) and a mean arousal rating of 5.58 (SD = 0.62). In the
rare instances in which the participants’ ratings did not agree with
the normative data (<1% of all responses), the items in question
were not included in the analyses for that participant.

Positive, negative, and neutral words were matched in frequency,
familiarity, imageability, and word length, as determined by norma-
tive data in the ANEW database (Bradley & Lang, 1999) and in the
MRC psycholinguistic database (Coltheart, 1981). Positive, negative,
and neutral pictures were matched for visual complexity (as rated by
5 young adults who did not participate in the MRI study; they were
instructed that high scene complexity could be based on “the number
of objects, scene details, or colors present in a scene, visual clutter,
asymmetry, lack of open spaces, or lack of organization”; see Oliva,
Mack, Shrestha, & Peeper, 2004), brightness (as assessed via Adobe
Photoshop), and the number of stimuli that included people, animals,
or buildings and landscapes. In addition, because the participants
were asked to determine whether words and pictures described or de-
picted something (1) animate or (2) common (see below), the stimuli
were selected so that roughly half of the stimuli from each emotion
category received a “yes” response to each question.

Procedure
The participants were scanned as they viewed 180 words and 180
pictures (60 from each emotional category; see Figure 1). Each word

Figure 2. Arousal responses (negative > neutral and positive > neutral), collapsing across pictures and words. Both the
dorsomedial prefrontal cortex (PFC; circled in pink) and the ventromedial PFC (circled in yellow) showed an arousal-
related response, as did the amygdala (see Figure 4 for time courses in the amygdala).
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or picture was presented for 2,500 msec. Preceding half of the stim-
uli was the prompt “Animate?”; the prompt “Common?” preceded
the remaining stimuli. The prompt was presented for 500 msec and
indicated the question that the participants should answer as they
viewed the upcoming stimulus. The participants were instructed to
respond “yes” to the “Animate?” prompt if a picture included an
animate element or if a word described something animate (either
the name of something animate [e.g., a snake] or a word that would
generally be used in reference to something animate [e.g., laugh])
and otherwise to respond “no.” The participants were asked to re-
spond “yes” to the “Common?” prompt if the stimulus depicted or
described something that they would encounter in a typical month.!
Emotional processing did not differ on the basis of task (judgments
of animacy vs. commonality), so all the reported results collapse
across the two tasks. Words and pictures from the different emotion
categories and prompt conditions were pseudorandomly intermixed,
with interstimulus intervals (ISI) ranging from 6 to 16 sec. This de-
sign created jitter (Dale, 1999), and in addition, pilot data indicated

that this ISI was sufficient to allow the emotional response to one
item to dissipate before presentation of the next item.

Image Acquisition and Data Analysis

Images were acquired on a 1.5 Tesla Siemens Sonata MRI scan-
ner. Stimuli were back-projected onto a screen in the scanner bore,
and the participants viewed the words through an angled mirror at-
tached to the head coil. Detailed anatomic images were acquired
using a multiplanar rapidly acquired gradient echo (MP-RAGE)
sequence. Functional images were acquired using a T2*-weighted
echo planar imaging sequence (TR = 3,000 msec, TE = 40 msec,
FOV = 200 mm, flip angle = 90°). Twenty-nine axial-oblique slices
(3.12-mm thickness, 0.6-mm skip between slices), aligned in a plane
along the axis connecting the anterior commisure and the posterior
commisure, were acquired in an interleaved fashion.

All preprocessing and data analysis were conducted within
SPM99 (Wellcome Department of Cognitive Neurology). Standard
preprocessing was performed on the functional data, including slice-

Table 3
Regions That Showed an Arousal-Related Response: Greater Activity for Positive Items Than for
Neutral Items and for Negative Items Than for Neutral Items

Talairach MNI
Coordinates of ~ Coordinates of ~ Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere (x,y,2) (x,y,2) Area
Negative > Neutral and Positive > Neutral (All)
Frontal Superior frontal gyrus L —9.54,22 —9.54,27 9
R 3,54,28 3,54,33 9
Inferior frontal gyrus L —30, 14, —16 —30, 15, —18 47
—54,15, 10 —54,15,12 44
Medial frontal gyrus Bilateral 0, 60, 16 0,61, 20 10
0,40, —17 0,42, —18 11
Temporal Superior temporal gyrus L —45,17, —13 —45,18, —14 38
R 56, —43, 10 57, —45,9 21/22
Middle temporal gyrus L —48, —70, 12 —48, —-73,9 39
R 63, —6, —15 63, —5, —18 21
Fusiform gyrus L —39, —53, —15 =39, —54, —21 37
Amygdala L —15, —4, —18 —15, =3, —21
R 28, —1,—17 28,0, —20
15, -1, —17 15,0, —20
Occipital Middle occipital gyrus R 48, —73,6 48, —75,3 37
Cingulate Cingulate gyrus Bilateral 3, —60, 28 3, —63,27 31
0, —45,22 0, —47,21 23/30
Putamen L —21.1. 11 —21.0,12
Negative > Neutral and Positive > Neutral (Pictures)
Frontal Medial frontal gyrus Bilateral 6,51,28 6,51,33 9
—3,52,—10 —3,54, -9 10, 11
Temporal Superior temporal gyrus R 45, —54,20 45, —56, 19 22
Middle temporal gyrus R 45, —-64, 11 45, —66, 9 37
60, —45.2 61, —46.0 22
53, -6, —10 54, —6, —12 21,38
Fusiform gyrus R 48, —7, —22 48, —6, —27 20
Amygdala R 15, =3, —15 15, =2, —18
25, -1, —17 25.0, —20
Parahippocampal gyrus R 30, —30. —6 30, —30. =9 27
24, —36, —11 24, —37, —15 35
Parietal Precuneus Bilateral 6, —45,50 6, —49,52 7
Occipital Middle occipital gyrus R 48, —72.6 48, —74.3 19
Cingulate gyrus R 12, —49, 14 12, —51,13 23,30
Bilateral 0, —39,.30 0, —42.30 31
0,39,12 0,40, 15 24,32
—3.37. -9 —3,39. -8 32
—3.4.30 —3.3.33 24
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Table 3 (Continued)

Talairach MNI
Coordinates of ~ Coordinates of = Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere (x,y,2) (x,,2) Area
Negative > Neutral and Positive > Neutral (Words)
Frontal Superior frontal gyrus L —6, 60,27 —6, 60, 33 9,10
—39,22,49 —39, 20, 54 6,8
Middle frontal gyrus L —48,40, —10 —48,42, —10 11
—39, 14, 50 —39,12,55 6
—45,19, 27 —45,19, 30 9/46
Inferior frontal gyrus L —54,19,24 —54,18,27 45,9
—48,18,5 —48,18,6 45,47
—45,20, —11 —45.21, —12 47
—56, 18, 10 —56, 18,12 44
Medial frontal gyrus Bilateral 0,40, —17 0,42, —18 11
—3.43,37 —3.42.43 6
—6,65,16 —6,66,21 10
Temporal Superior temporal gyrus L —48, 14, —11 —48, 15, —12 38
—42,10, =31 —42,12, —36 38
—50,2, —10 —51,3, —12 21
R 39, —43.13 39, —45.12 22
Middle temporal gyrus L —60, —50, 8 —60, —42,7 22/39
—60, —30, 1 —-60, —31,0 21/22
R 53, =27, —1 53, —28, —3 21/22
Amygdala L —25.—4,—17 —25,—3,—20
Parietal Superior parietal lobe L —39, —64, 48 —39, —68, 49 7
Inferior parietal lobe L —42, —65,47 —42, —69, 47 7/40
Precuneus L -3, —60, 39 —3, —64,39 7
Occipital Inferior/middle occipital gyrus R 48, —78, —1 48, —80. —6 18,19
Cingulate Cingulate gyrus Bilateral 0, —45, 30 0, —48, 30 31
0, —49,21 0, —51,20 23/30
3,—19.31 3,—21.33 23
3,—2.,28 3,—4.30 24
Cerebellum —6, —56, —15 —6, —57, —21
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Note—Underlined regions were revealed when the individual contrast analyses were set to a threshold of p < .05 and
a 20-voxel extent. All other regions were present when the individual contrast analyses entered into the conjunction
analysis were analyzed at a threshold of p < .01 and a 10-voxel extent.

timing correction, rigid body motion correction, normalization to
the Montreal Neurological Institute template (resampling at 3 mm
cubic voxels), and spatial smoothing (using an 8-mm full-width half
maximum isotropic Gaussian kernel).

For each participant, and on a voxel-by-voxel basis, an event-related
analysis was first conducted in which all instances of a particular
event type were modeled through convolution with a canonical he-
modynamic response function. Effects for each event type were esti-
mated using a subject-specific, fixed-effects model. These data were
then entered into a second-order, random effects analysis. Contrast
analyses were performed to examine effects of valence (positive vs.
negative); one-sample # tests were used to examine the consistency of
activity at each voxel (using between-participants variability to esti-
mate variance). An individual voxel threshold of p < .01 with a clus-
ter threshold of 19 contiguous voxels was used to yield results cor-
rected for multiple comparisons to p < .05 (see Slotnick, Moo, Segal,
& Hart, 2003). Conjunction analyses, using the masking function in
SPM99, examined the regions shared between two contrasts. The
results for these conjunction analyses are presented in two ways: with
the individual contrasts included in the contrast analysis analyzed at
a threshold of p < .01 and with a voxel extent of 10 voxels (so that
the conjoint probability of the conjunction analysis, using Fisher’s
estimate [Fisher, 1950; Lazar, Luna, Sweeney, & Eddy, 2002], was
p < .001) and with the contrasts analyzed at a more lenient threshold
(p < .05) but with a larger voxel extent (20 voxels).2

All activations are presented in neurological coordinates (i.e., activ-
ity on the right hemisphere is presented on the right side of the brain
images). Voxel coordinates are reported in Talairach coordinates (Talai-

rach & Tournoux, 1988) and in Montreal Neurological Institute (MNI)
coordinates (Collins et al., 1998) and reflect the most significant voxel
within the cluster of activation. Event-related time courses were ex-
tracted from active clusters by creating regions-of-interest (ROls) as
8-mm spheres, using the ROI toolbox implemented in SPM99.

RESULTS

Analyses were conducted to identify the regions that re-
sponded to all high-arousal stimuli, regardless of valence,
versus in a valence-dependent manner. These analyses
were conducted separately for all the stimuli (collaps-
ing across pictures and words), for pictures only, and for
words only. Thus, we could examine the extent to which
stimulus type affected the pattern of responses.

Arousal Responses

We first collapsed across pictures and words to exam-
ine the regions in which activity was enhanced for posi-
tive, in comparison with neutral, stimuli and for nega-
tive, in comparison with neutral, stimuli (i.e., positive >
neutral and negative > neutral; see Tables 1 and 2 for
regions identified in each of these separate contrasts).3
The regions revealed by this conjunction analysis were
those that responded to all high-arousal items, regardless
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of valence (see Figure 2; yellow indicates regions identi-
fied when individual contrasts were analyzed at p < .01
with a 10-voxel extent; green indicates regions identified
when individual contrasts were analyzed at p < .05 with
a 20-voxel extent). Consistent with prior findings (Dolcos
et al., 2004; Hamann et al., 2002), activity in the dorso-
medial PFC (Figure 2, region outlined in pink; Talairach
coordinates 3, 54, 28; BA 9/10) and in the amygdala bilat-
erally (Figure 2, region outlined in blue; Talairach coordi-
nates —15, —4, —18; 15, —1, —17) showed this arousal-
related pattern of response. In addition, a second region
of the medial PFC, in a very ventral portion (Figure 2,
region outlined in yellow; Talairach coordinates 0, 40,
—17; BA 11) also showed this arousal-based activity, as
did a large portion of the anterior temporal lobe, a region
spanning the temporo-occipital junction, and a portion of
the left dorsolateral PFC (see Table 3).

We then examined whether these arousal responses
were consistent when analyses were conducted separately
for pictures and words. When the conjunction analysis was
conducted only for pictures, the results looked very simi-
lar to those discussed for all stimuli (Figure 3, panel A):
Activity in the same two medial PFC regions (outlined in
pink and yellow; Talairach coordinates 6, 51, 28 [BA 9]
and —3, 52, —10, [BA 10 and 11]) and in the amygdala
bilaterally (outlined in blue; Talairach coordinates 15, —3,
—15; 25, —1, —17) corresponded with arousal-related
activity, as did activity in the anterior temporal lobe and
in a region spanning the temporo-parietal junction (see
Table 3). For the pictures, however, the activity in the lat-
ter two regions was strongest in the right hemisphere (as
depicted in Figure 3).

When arousal-related activity for the words was ana-
lyzed (Figure 3, panel B), the same two regions of the
medial PFC (outlined in pink and yellow; Talairach co-
ordinates —6, 60, 27 [BA 9 and 10] and 0, 40, —17 [BA
11]) were identified. Amygdala activity also corresponded
with arousal-related activity, but the activation was later-
alized to the left (outlined in blue; Talairach coordinates
—25, —4, —17). In addition, although there was activity
in the anterior temporal lobe and in the temporo-occipital
junction, this activity was stronger in the left hemisphere
than in the right hemisphere [a pattern of laterality op-
posite to that demonstrated when only pictures were ana-
lyzed, as depicted in Figure 3 and as confirmed by a sig-
nificant interaction between stimulus type and laterality
on the arousal-related signal change throughout the lateral
temporal lobe; F(1,19) = 8.13, p < .01]. Thus, the gen-
eral arousal-based patterns of activation (in two regions of
the medial PFC and in the amygdala) were comparable for
both pictures and words (see Table 3).

Laterality of Amygdala Activation

The results described above indicated that although the
general patterns of arousal-related activity were compara-
ble for pictures and for words, laterality effects throughout
the temporal lobe, including those in the amygdala, may
arise from stimulus-specific effects, with pictures lead-

ing to stronger right-lateralized activity and words lead-
ing to stronger left-lateralized activity. To further explore
the factors that contributed to the laterality effects in the
amygdala, we defined regions in the left and right amyg-
dala functionally, from an analysis contrasting activity
for positive and negative stimuli with activity for neutral
stimuli (i.e., positive pictures + positive words + negative
pictures + negative words > neutral pictures + neutral
words).* This analysis was, therefore, unbiased with regard
to whether the activity in the amygdala was influenced by
stimulus type (picture or word) or stimulus valence (posi-
tive or negative). For both of the amygdalar regions, we
extracted the peak signal change (i.e., the maximum signal
change, from baseline, along the time course).

As is shown in Figure 4, the left amygdala showed
arousal-related activity for both pictures and words,

Figure 3. Arousal responses (negative = neutral and positive >
neutral) for (A) pictures and (B) words. For both stimulus types,
arousal-related activity occurred in the dorsomedial prefrontal
cortex (PFC; outlined in pink), in the ventromedial PFC (outlined
in yellow), and in the amygdala (outlined in blue).
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Figure 4. The left amygdala (in yellow) showed an arousal-related response for both pictures and words, whereas the
right amygdala (in red) showed an above baseline response only for pictures.

whereas the right amygdala showed an above baseline
response only for pictures. This laterality effect was con-
firmed by a repeated measures ANOVA conducted on
the peak signal change in the regions of the right and left
amygdala. We considered laterality (left or right), emo-
tion type (positive, negative, or neutral), and stimulus
type (picture or word) as within-subjects factors and sex
(male or female) as a between-subjects factor. This analy-
sis indicated a main effect of emotion type [positive and
negative > neutral; F(2,18) = 4.85, p < .05; partial 2 =
.36] and an interaction between stimulus type and lateral-
ity [the left amygdala responded equally to pictures and
words; the right amygdala responded more strongly to pic-
tures; F(1,19) = 4.11, p < .05; partial #2 = .18]. No other
factors interacted with laterality, suggesting that in this
task design, stimulus type was the predominant character-
istic that led to laterality effects in the amygdala.

Valence Responses

To examine the regions that showed a differential response
based on valence, we contrasted activity for high-arousal
positive items with activity for high-arousal negative items
(and vice versa). Because positive and negative items were
matched in arousal, activation differences should be related
to differences in valence. We first performed this analysis
by collapsing across pictures and words. Within the PFC,
the ventrolateral PFC responded more strongly to negative
items than to positive items (red regions of Figure 5; Talai-
rach coordinates —45, 15, 16 [BA 44] and 35, 6, 25 [BA
44/6]), whereas a region of the medial PFC (Figure 5, in

green) responded more to positive items than to negative
items (Talairach coordinates —9, 27, 10 [BA 24/32/8 5]).
In addition to these distinctions within the PFC, positive
stimuli elicited greater activity than did negative stimuli in
a large region spanning the precuneus and inferior parietal
lobe, in the right superior temporal gyrus, in the inferior/
middle temporal gyrus bilaterally, and in the fusiform/lin-
gual gyrus bilaterally (Figure 5; Table 5).

When valence effects were examined for pictures, the
same general patterns of activity were revealed in the PFC
(Figure 6, panel A): The bilateral ventrolateral PFC re-
sponded differentially to negative pictures, in comparison
with positive pictures (BA 44/45/47), whereas activity in
the medial PFC (BA 10) showed a preferential response
to positive pictures, in comparison with negative pictures.
Valence effects also were revealed outside of the PFC (see
Tables 4 and 5). Activity was greater during processing
of negative pictures than during processing of positive
pictures in the superior temporal gyrus bilaterally, the
left middle temporal gyrus, and the left anterior temporal
lobe. The converse effect (processing of positive > nega-
tive) held in all of the regions described above for all the
stimuli and was additionally revealed in the left lingual
gyrus, the right cuneus, and a region spanning the left
postcentral and precentral gyri.

When valence effects were examined for verbal stimuli,
the effects were much less extensive than had been noted
with pictures (Figure 6, panel B). Within the PFC, only
a single left lateral PFC region (BA 44) showed greater
activity for negative words than for positive words, and no
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Figure 5.Valence responses, collapsing across pictures and words. The lateral prefrontal cortex (PFC; in red) responded more
to negative than to neutral items, whereas the medial PFC, precuneus/inferior parietal lobe, and superior, middle, and inferior
temporal gyri (all in green) responded more to positive items than to negative ones.

PFC regions showed the opposite effect. Beyond the PFC,
only four of the regions noted above showed valence-
related responses for the words: Activity in a region span-
ning the superior temporal gyrus and the inferior parietal
lobe showed a greater response to negative words than to
positive words, and activity in the left fusiform/lingual
gyrus (BAs 18 and 19) and the right middle temporal gyrus
(BA 21) showed a greater response to positive words than
to negative words.

DISCUSSION

The present study revealed neural processes modulated
by stimulus arousal and by stimulus valence, and identified
the arousal- and valence-based processes that did, and did
not, overlap for emotional pictures and words. We first will
focus on our findings in the amygdala and the PFC, the two
regions that have received the most attention in prior inves-
tigations of emotional processing. We then will turn our at-
tention to the additional regions identified as responding in
an arousal-based or valence-dependent manner.

Amygdala Response to Emotional Stimuli
With regard to processing in the amygdala, the re-
sults confirmed and extended those of prior investiga-

tions, demonstrating that the amygdala can respond in a
valence-independent manner for both pictures and words.
The amygdalar regions revealed in this study were equally
active during the processing of positive and negative
stimuli, and this activity occurred despite the fact that the
participants’ task did not require them to focus on their
emotional response during the stimulus processing. Thus,
the amygdalar response to high-arousal stimuli appears
to generalize across a range of stimulus types and experi-
mental tasks. It is important to note that whereas a prior
study (Royet et al., 2000) suggested that olfactory stimuli
may be more effective than visual stimuli in activating the
amygdala, the present results suggest that the processing
of visual information can be sufficient to elicit amygdala
activity (consistent with many other studies that have
shown significant amygdala activity to stimuli, including
faces, pictures, and words; reviewed by Baas et al., 2004;
Hamann, 2001; Kensinger, in press).

The results did indicate, however, that laterality effects
in the amygdala can be related to stimuli characteristics.
In particular, whereas the activity in the left amygdala
showed a pattern of arousal-based responding that was
consistent for both pictures and words, the activity in the
right amygdala did not generalize across stimulus type.
The right dorsal amygdala showed an above baseline re-



Figure 6. Valence responses for (A) pictures and (B) words.
Regions in red showed a disproportionate response to negative
stimuli, in comparison with positive stimuli, whereas regions in
green showed greater activity for positive items than for negative
items. Many of the regions that showed a greater response to posi-
tive versus negative pictures (e.g., the medial PFC, the precuneus/
inferior parietal lobe, and the superior temporal gyrus; panel A)
did not show a comparable valence response to words (panel B).

sponse only for pictures, and not for words. In fact, stimu-
lus type (picture or word) was the only factor assessed
that interacted with laterality of amygdala activity. This
lateralization may reflect a true, stimulus-specific ef-
fect, as is found throughout much of the medial temporal
lobe, with verbal stimuli leading to left-lateralized acti-
vation and pictorial stimuli leading to right-lateralized or
bilateral activation (and see Markowitsch, 1998). Alter-
natively, however, the specificity of the right-amygdala
response (to pictures and not to words) and the generality
of the left-amygdala response (to both stimulus types)
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may reflect their respective roles in automatic process-
ing (perhaps more likely to occur for pictures than for
words) versus elaborative, associative, or conceptual pro-
cessing (which may occur for both pictures and words;
see Glascher & Adolphs, 2003; Phelps et al., 2001). The
latter interpretation would be consistent with recent evi-
dence indicating that left-lateralized amygdala activity
tends to be elicited across a wider range of tasks than is
right-lateralized amygdala activity (see the meta-analysis
by Baas et al., 2004).

It is important to note that the amygdalar regions identi-
fied in the present study are located dorsally. It has been
proposed previously (see Kim et al., 2003) that the dor-
sal amygdala may respond in an arousal-based fashion,
whereas the ventral amygdala may respond differentially
on the basis of valence. Our imaging parameters did not
allow a strong signal in the ventral amygdala (a common
problem in fMRI studies; see Johnstone et al., 2005), and
therefore, the present study could not assess whether there
are ventral subregions of the amygdala that respond in a
valence-dependent manner. Nevertheless, the results in-
dicate that there are regions of the right and left amyg-
dala that respond in an arousal-based manner, even when
participants are not asked to focus on their emotional re-
sponses to stimuli.

PFC Response to Emotional Stimuli

In contrast to the arousal-based amygdala response, a
number of PFC regions responded in a valence-dependent
manner. The results were generally consistent with those
in prior studies demonstrating that lateral PFC regions re-
spond to aversive stimuli, whereas medial PFC regions
respond to positive stimuli (e.g., O’Doherty et al., 2001;
Small et al., 2001). In the present study, the ventrolateral
PFC responded more to negative stimuli than to positive
stimuli, although the effect was more apparent when pic-
tures were processed.’ In contrast, a medial PFC region
responded more to positive pictures than to negative pic-
tures, although there were no PFC regions that showed
a preferential response to positive words, in comparison
with negative words.

There also was a suggestion of a ventral/dorsal distinc-
tion within the PFC: For the pictorial stimuli, the ventro-
lateral PFC was active during the processing of negative
items, whereas the dorsolateral PFC was active during the
processing of positive items. Ventral/dorsal distinctions
within the PFC have been noted before (typically, with the
left ventrolateral PFC active for negative stimuli and the
right dorsolateral PFC active for positive stimuli; see, e.g.,
Dolcos et al., 2004; Sutton et al., 1997), but the empha-
sis has typically been placed on the left/right distinction,
rather than the ventral/dorsal distinction. Although the
present results are only suggestive, future studies may do
well to examine whether stimulus valence affects whether
PFC activity is located ventrally or dorsally.

Not all of the PFC, however, responded in a valence-
based fashion: Both a dorsomedial and a ventromedial
PFC region showed comparable responses to positive and
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Table 4
Regions That Showed a Valence-Based Response,
With Greater Activity for Negative Items Than for Positive Items

Talairach MNI
Coordinates of Coordinates of Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere (x,y,2) x,y,2) Area
Negative > Positive (All Items)
Frontal Middle frontal gyrus L —51, 30, 15 —51,30, 18 46
Inferior frontal gyrus L —45,15,16 —45,15,18 44
R 35,6,25 35,5,27 44/6
Negative > Positive (Pictures)
Frontal Inferior/middle frontal gyrus L —44, 30, 12 —45,15,18 45
—42,15,13 —42,15,15 44
R 56, 24,21 56, 23,24 45,9, 46
56, 23,2 56,24,3 47
36,20, —13 36,21, —14 47
Temporal  Superior temporal L —56, —60, 29 —56, —63, 28 39
—44,13, —=25 —44,15, -29 38
R 60, —51,22 61, —53,21 22/39
Middle temporal gyrus L —50, —67,9 —51,—-69,6 37
Negative > Positive (Words)
Frontal Inferior frontal gyrus L —45, 15,16 —45, 15,18 44
Temporal  Superior temporal gyrus R 33, —43,19 33, —45,18 22
Parietal Inferior parietal R 39, —34,24 39, —36, 24 40

negative stimuli, and these arousal-based responses oc-
curred for both pictures and words. As was discussed in
the introduction, there has been tremendous ambiguity
with regard to the role of the medial PFC in emotional
processing. Much of this ambiguity likely results from the
fact that the medial PFC is a large region that does not re-
spond in a homogenous fashion. The results of the present
study bolster this claim, revealing three distinct regions of
the medial PFC (Figure 7). Two of these regions (the most
dorsal and ventral of the regions; in blue) responded in an
arousal-based fashion, whereas the third region (in green)
showed a valence-based, preferential response to posi-
tive pictures versus negative pictures. These distinctions
within the medial PFC emerged when all the stimuli were
analyzed (Figure 7A), as well as when only responses to
pictures were considered (Figure 7B).

The pattern of activity in the two most dorsal me-
dial PFC regions paralleled that described by Dolcos
et al. (2004): They too found that the most dorsal region
showed an arousal-based response, whereas the more in-
ferior region responded preferentially to positive stimuli.
The replication of this distinction in the present study is
noteworthy, given the very different tasks used in the two
experiments (rating of pleasantness in the study by Dolcos
and colleagues vs. rating of animacy and commonality
in the present experiment). Thus, these medial PFC re-
sponses appear to generalize across a range of tasks. The
study by Dolcos and colleagues did not, however, identify
the most ventral region revealed in the present study. It is
possible that the difficulty in imaging this ventral region
prevented its arousal-based response from being identi-
fied previously, although another alternative worth further
exploration is that this ventral region may play a larger

role when tasks do not require explicit evaluation of emo-
tional responses (see Anders et al., 2004).

Other Arousal-Based and Valence-Dependent
Responses

In addition to clarifying the pattern of response in the
amygdala and PFC, the present study identified other
regions that responded in an arousal-based versus a
valence-dependent manner. Of particular interest, arousal
responses were noted in the anterior temporal lobe bilater-
ally and in a region spanning the temporo-occipital junc-
tion. Prior studies have noted that activity in these regions
is modulated by the emotional relevance of stimuli (e.g.,
Dolan, Lane, Chua, & Fletcher, 2000; Lane, Fink, et al.,
1997; Lane, Reiman, et al., 1997; Tabert et al., 2001;
Taylor et al., 1998), but it has been unclear whether the
responses were valence dependent or independent (see
Mourao-Miranda et al., 2003, for evidence that visual pro-
cessing can vary with both dimensions) and whether the
responses would exist when participants were not required
to emotionally evaluate the stimuli. In fact, it had been
proposed that the anterior temporal lobe plays a principal
role in eliciting a subjective emotional experience (Me-
sulam, 1985) and would not be active on tasks that do not
demand monitoring or labeling of an affective response
(Lane, Fink, et al., 1997; Lane, Reiman, et al., 1997). In
contrast to this proposal, the present results suggest that
these temporal and occipital regions show arousal-based
responses for both pictures and words, even when emo-
tional monitoring is not required.

Outside of the PFC, the only valence effects that occurred
for both pictures and words were in the lingual/fusiform
gyrus (positive > negative) and in the superior temporal
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Table 5

With Greater Activity for Positive Items Than for Negative Items

Talairach MNI
Coordinates of  Coordinates of ~ Approximate
Peak Voxel Peak Voxel Brodmann
Lobe Region Hemisphere (x,,2) (x,,2) Area
Positive > Negative (All)
Frontal Precentral gyrus R 48, —12,53 48, —15,57 4
Superior frontal/anterior cingulate gyrus L -9,27,10 -9,27,12 24,32, 8
Temporal Superior temporal gyrus R 60, —20, 6 60, —21,5 22
Middle temporal gyrus L 56, —44, —5 56, —45, —9 21
Inferior temporal gyrus L —56, —56, —5 —56, —57, —9 37
Parietal Postcentral gyrus R 50, —18, 40 51, —21,42 3
Precuneus L 44, —171,37 —44, —75, 36 39
Bilateral —3,—36,43 —3,-—39,45 7
Posterior cingulate gyrus L —3,—34,32 -3, —-37,33 31
Inferior parietal lobe L —47, =53, 44 —47, —57,45 40
R 45, —42, 41 45, —45,42 40
Occipital Lingual/fusiform gyrus L -27, =76, =9 —-27,—78, —15 18, 19
R 8, —82,-3 8, —84, —8 18
Cerebellum L -30, —60, —20 —30, —61, —27
Positive > Negative (Pictures)
Frontal Middle frontal gyrus L —30,45,25 —30, 45, 30 10
R 38,41, 23 38,41, 27 10
Precentral gyrus L —32, —24,48 —-32, —27,51 4
R 39, —23,56 39, —27, 60 4
Medial frontal gyrus Bilateral —-6,52, =3 —6,54, —1 10
17,32,2 17,33,4 9/24/32
Temporal Superior temporal gyrus L —60, —3, —2 —-61, —3, -3 22
R 60,0, 5 61,0,5 22
Fusiform gyrus L -30, —80, —11 —30, —82, —18
Parietal Inferior parietal lobe L —38, —53,55 —38, —57,57 40
R 45, —31, 30 45, —33,31 40
Postcentral gyrus L —54, —16, 31 —55, —18, 33 3
R 35, —24,45 35, —27,48 3
Precuneus Bilateral 3,—67,53 3,—72,54 7
Cingulate gyrus Bilateral -3, —15,37 -3,—-17,39 24
-3, —31,35 —3, —34,36 31
Occipital Cuneus R 24, —90, 21 24, —94,18 18,19
Lingual gyrus L —6, —96,3 -6, —99, —2 18
L -3, -87,—-5 —-3,-89, —11 18
Cerebellum  Cerebellum L —30, —53, —18 —30, —54, —25
Putamen L —21,20, —1 —21,20,0
Positive > Negative (Words)
Temporal Fusiform/lingual gyrus L —24, —80, —9 —24, —82, —15 18
—35,—-80,—11 —35,—-82,—18 19
Middle temporal gyrus R 43, —26, —3 43, —26, —5 21
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gyrus (negative > positive). There were no suggestions of
laterality effects in the non-PFC regions (i.e., no evidence to
support the hypothesis that left-lateralized activity is greater
for positive than for negative stimuli and right-lateralized
activity is greater for negative than for positive stimuli). It
may be that these valence-based effects are more likely to
occur when participants’ tasks require the explicit monitor-
ing, labeling, or expression of emotion.

Conclusions

In conclusion, the present results suggest that arousal-
related responses occur in the amygdala, dorsomedial PFC,
ventromedial PFC, anterior temporal lobe, and temporo-
occipital junction. These arousal-based responses oc-
curred for both pictures and words, with stimulus type

primarily affecting the laterality of activity: Throughout
the temporal lobe (and including the amygdala), activ-
ity was bilateral or right-lateralized for pictures and left-
lateralized for words. These arousal-based responses were
relatively consistent with those observed in prior studies
requiring participants to label or monitor their affective
response, suggesting that these effects may generalize
not only across stimulus type, but also across different
experimental tasks. Valence-dependent responses were
best characterized by a lateral PFC versus medial PFC
distinction (for processing of negative and positive stim-
uli, respectively), although the valence effects were much
stronger for pictures than for words. Future studies will be
required to clarify whether valence effects are always less
consistent for verbal than for nonverbal stimuli or whether
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Figure 7. Three regions of the medial prefrontal cortex (PFC)
were identified: Two were related to arousal (in blue), whereas
one was related to positive valence (in green). The same pattern
of response was revealed in these medial PFC regions (A) when all
the items were analyzed or (B) when only pictures were analyzed.
Red, negative > positive; green, positive > negative; blue, nega-
tive > neutral and positive > neutral.

valence-dependent processing of verbal stimuli is more
likely to occur when the participants’ task requires moni-
toring or labeling of an affective response.
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NOTES

1. Outside of the scanner, the participants performed a recognition
memory task in which they were shown 360 pictures and 360 words and,
for each item, were asked to indicate whether they had rated the item for
its animacy or for its commonness or had not studied the item. These
subsequent-memory data will be reported in a separate publication.

2. This more lenient threshold was used because conjunction analyses
are conservative: They use a strict statistical threshold to test whether
identical voxels are activated in two contrasts.

3. Note that because these individual contrasts were conducted with a
larger required voxel extent (19 voxels) than were the conjunction analy-
ses (10 voxels), some regions identified by the conjunction analysis were
not identified in these individual contrast analyses.

4. Because the amygdala is a relatively small structure, we used both
a 3-mm sphere and the more standard 8-mm sphere. The results did not
differ qualitatively in these instances, and so here we report the results of
the analysis using the more standard 8-mm spherical ROI.

5. It is not clear why the valence effects would be more pronounced
with pictures than with words; the stimuli were selected so that words
and pictures were equally extreme in valence (according to the normative
ratings), and the participants did not rate pictures and words in a system-
atically different fashion with regard to valence. However, any number
of properties differ between pictorial and verbal emotional stimuli (e.g.,
complexity of the stimuli and elicitation of emotion via visual vs. se-
mantic processing) and may explain the differences in valence-based
processing for pictures and words. Regardless of the mechanism, the
present results suggest that for researchers interested in teasing apart
valence effects, it would be prudent to use pictorial stimuli, rather than
verbal stimuli.

(Manuscript received July 12, 2005;
revision accepted for publication January 6, 2006.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


