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Abstract: The neural correlates of two hypothesized emotional processing modes, i.e., schematic and
propositional modes, were investigated with positron emission tomography. Nineteen subjects performed an
emotional mental imagery task while mentally repeating sentences linked to the meaning of the imagery script.
In the schematic conditions, participants repeated metaphoric sentences, whereas in the propositional conditions,
the sentences were explicit questions about specific emotional appraisals of the imagery scenario. Five types of
emotional scripts were proposed to the subjects (happiness, anger, affection, sadness, and a neutral scenario).
The results supported the hypothesized distinction between schematic and propositional emotional processing
modes. Specifically, schematic mode was associated with increased activity in the ventromedial prefrontal cortex
whereas propositional mode was associated with activation of the anterolateral prefrontal cortex. In addition,
interaction analyses showed that schematic versus propositional processing of happiness (compared with the
neutral scenario) was associated with increased activity in the ventral striatum whereas “schematic anger” was
tentatively associated with activation of the ventral pallidum.
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INTRODUCTION

In recent years, a wealth of studies have investigated the neural correlates of emotion (e.g., Aalto et al., 2002;
Blair et al., 1999; Canli et al., 1998; Damasio et al., 2000; Dougherty et al., 1999; George et al., 1995, 1996;
Kimbrell et al., 1999; Kesler et al., 2001; Lane et al., 1997a, b; Northoff et al., 2000; Paradiso et al., 1999;
Schneider et al., 1995, 1996, 2000; Shin et al., 2000). In most of these studies, participants were exposed to
emotional and nonemotional stimuli (e.g., an emotional film vs a neutral film) or to emotional stimuli of
different nature (e.g., a sad film vs a happy film). With some exceptions (e.g., Critchley et al., 2000; Hariri et al.,
2000; Teasdale et al., 1999), these experimental manipulations consisted of varying emotional contents, without
considering the different processes that could be applied to these contents, as if there was only one unique
processing “route” for emotional information. However, emotional stimuli can elicit multiple cognitive processes
ranging from a fast and automatic processing mode (Ohman et al., 2000) to a diversity of complex processes
(e.g., rationalization, reasoning, voluntary modulation, labeling) that all impact on emotional experience
(Teasdale, 1999). Therefore, it appears that a thorough understanding of the neural mechanisms of human
emotion requires that neuroimaging studies of emotion rely on a theoretical model that takes into account that
emotion encompasses a variety of different cognitive processes.

The dual-memory model of emotion (Philippot and Schaefer, 2001) is an integration of Multilevel models of
emotion (Johnson and Multhaup, 1992; Leventhal and Scherer, 1987; Ochsner and Feldman-Barret, 2001; Power
and Dalgleish, 1997; Smith and Kirby, 2000; Teasdale and Barnard, 1993), i.e. a class of theoretical models
postulating the existence of different cognitive processes involved in emotion. It distinguishes between two
emotional processing systems: The schematic system and the propositional system. The schematic system is
based on schemata: A schema is an abstract and implicit representation integrating sensory, perceptual, and
semantic information typical of a given category of emotional experiences. In addition, each schema has
connections with bodily response systems. The schematic system is responsible for “hot” emotional processing:
Apart from innate basic affective reactions, any “actual” emotional response (i.e., with autonomic, subjective,
and expressive changes) is generated by the activation of a schema. There is one schema for each kind of
emotion, and the content of each schema can be viewed as a holistic prototypical theme, e.g., the theme of
“threat” for the emotion of fear (Lazarus, 1991). The subjective experience associated with schematic processing
is characterized by a holistic, spontaneous way of appraising a situation. The propositional system is responsible
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for the “cold” processing of emotions, i.e., the volitional and controlled processing of declarative knowledge
about emotion. It is thought to rely heavily on high-level executive processes similar to Baddeley’s (1996)
executive functions, and the declarative information on which it operates consists of discrete concepts about the
different elements of the emotional situation. The propositional system is neither sufficient nor necessary to
activate emotional reactions. It is involved primarily in the voluntary self-regulation of emotions. Indeed,
emotional self-regulation encompasses several controlled cognitive strategies of emotional processing (Bon-
anno, 2001; Gross, 1998). Overall, propositional processing is associated with an analytical, “rational” mode of
emotional processing.

The main purpose of the present study is to explore the neural correlates of the two modes of emotional
processing postulated in the dual-memory model of emotion. The underlying idea is that isolating schematic
from propositional processing is necessary to identify the neural correlates of the processes that specifically lead
to actual emotional responses. Indeed, subtracting “cold” aspects of an emotional task should allow to capture
what is specifically emotional in this task (Stemmler, 1992; Stemmler et al., 2001). To this end, participants were
asked to perform a task designed to differentiate between schematic and propositional processing modes
(Schaefer and Philippot, 2000). The ventrome-dial prefrontal cortex (VMPFC) is hypothesized to be the brain
locus of schematic processing. Indeed, brain lesion studies suggest that the ventromedial prefrontal cortex plays
a major role in the generation of human adult emotional reactions (Bechara et al., 1994, 1995, 1996, 1997, 1998,
1999a, b, 2000, Damasio, 1994, 2000; Tranel and Damasio, 1993). The propositional system is more likely to be
associated with an activation of the lateral prefrontal cortex (LPFC). Actually, the propositional mode involves
explicit and voluntary processing of emotional information, requiring high-level executive processes often
associated with an activity of the LPFC. Indeed, the LPFC has been consistently activated by several executive
tasks (for reviews, see Collette and Van der Linden, 2002; Duncan and Owen, 2000). Accordingly, Beauregard
et al. (2001) and Ochsner et al. (in press) found that voluntary attempts at regulating emotional reactions were
associated with LPFC activation. The second purpose of the present study is to contribute to the study of the
neural correlates of specific emotions, more particularly, anger, sadness, happiness, and affection. The
distinction between schematic and propositional processing offers a new insight into this question. Indeed,
isolating the schematic activation of a discrete emotion from its propositional aspects should reveal the neural
circuits specifically involved in the actual elicitation of that emotion, by controlling for “cold” aspects of the
process. In other words, this procedure might bring out a purer delimitation of the neural structures associated
with specific emotions than the classic comparisons between an emotional stimulus and a neutral stimulus. The
great heterogeneity in presently available results only allows for predictions regarding broad categories of
emotions. Indeed, the amygdala is likely to be associated with negative emotions (Ochsner and Feldman-Barret,
2001), whereas positive emotions might be associated with basal ganglia, more specifically the ventral striatum
(Cacioppo et al., 1999).

METHODS
Subjects

Twenty healthy right-handed males took part in the experiment (mean age: 23.4, SD: 1.9). The subjects were
selected according to several criteria: (1) no current medication; (2) no past history of neurological or psychiatric
illnesses: (3) normal scores on three questionnaires assessing emotional dimensions: Beck Depression Inventory
(Beck and Steer, 1988), Spielberger’s Trait Anxiety Inventory (Spielberger et al., 1970), and the Toronto
Alexythymia Scale (Bagby et al., 1994). Subjects were paid 125 Euros for their participation. One participant
was excluded from the data after the experiment: His difference score between emotional intensity for schematic
and propositional modes was two standard deviations under the sample mean, indicating that he had not
successfully performed the experimental tasks (see below). Written informed consent was obtained from all
subjects according to the Helsinki Declaration. The Ethics Committee of the Faculty of Medicine of the
University of Liege approved the study.

Experimental tasks

Subjects were exposed to emotional information (mental images) and constrained to process that information
according to a schematic or a propositional mode. Specifically, they performed a “mental role-playing task.” i.e.,
a combination of a standard emotional imagery task (Vrana et al., 1986) and a sentence repetition task.
Practically, the task consisted of: (1) mentally experiencing an emotional scenario (e.g., “Imagine that someone
tells you that one of your friends died in a car accident”) following the procedure recommended by Vrana et al.
(1986) and simultaneously (2) mentally repeating sentences reflecting a particular way of appraising the
imagined scenario. In addition, subjects were instructed to imagine that these sentences were their own thoughts
occurring during the situation being imagined. The schematic or propositional mode of processing was
manipulated using either of two sets of sentences. For the schematic mode, metaphoric sentences reflecting a
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holistic, spontaneous way of appraising the situation were used (e.g., “Everything collapses around me”). For
the propositional mode, explicit, analytical questions about specific elements of the scenario were used (““Is this
situation important for me?”). A previous behavioral study successfully used this procedure to differentiate
between schematic and proposi-tional processing modes, yielding higher scores of emotional intensity in the
schematic mode (Schaefer and Phil-ippot, 2000).

Imagery scripts were selected according to a pilot study in which 20 participants were asked to select from a sub-
sample of scenarios issued from the ISEAR international data bank (Scherer et al., 1994) those that were the
most typical of anger, sadness, happiness, and affection. In the end, two scenarios were chosen for each emotion.
Both schematic and propositional sentences were derived from Lazarus and Smith’s (1991) model that postulates
that an emotional situation can activate a holistic emotional theme (e.g., the theme of threat for fear and the
theme of loss/ helplessness for sadness) and/or a pattern of specific appraisal dimensions [e.g., a situation
eliciting anger is generally appraised by the subject as (1) important, (2) negative, and (3) intentionally caused by
another person]. Several schematic sentences were constructed as meta-phoric sentences implicitly
communicating each of five emotional themes (“Loss/Helplessness” for sadness, “Success” for happiness,
“Other-Blame” for anger, “Attachment” for affection, and “Indifference” for neutral, according to Smith et al.,
1993), and the propositional sentences were constructed as several explicit questions about 15 possible specific
appraisal dimensions. The most relevant sentences were chosen for each of the study’s imagery scenarios on the
basis of a pilot study in which 20 participants rated the degree of relevance of each sentence to each scenario.

Each subject imagined 10 scenarios according to the “mental role-playing” procedure, following a 2 x 5 Pro-
cessing Mode (schematic vs propositional) x Emotion (anger vs sadness vs happiness vs affection vs neutral)
fully counterbalanced design. In the course of each imagery trial, participants first performed a 1-min relaxation
task. Next, they heard through headphones a description of the imagery script and were asked to “mentally live”
this situation. While they were imagining the situation, subjects heard and mentally repeated four schematic or
propositional sentences at regular intervals. The first sentence was delivered 10 s after the onset of the imagery
task. The acquisition scan started just after the participant heard the first sentence to be repeated and lasted for
the remaining 60 s of the imagery task. During the 30 s following the imagery task, subjects were asked to relax.
At the end, participants made several ratings about what they felt during the imagery task. Self-rating scales were
displayed on a 17-in. screen. Heart rate was recorded during the relaxation and the imagery tasks. In order to
obtain optimal performance from the participants, each of them completed a training session one week before the
experiment. During this session, they were introduced to the “mental role-playing” paradigm and performed six
trials with scenarios different from those used during the experiment.

Behavioral measures

After each imagery trial, participants rated the global intensity of their feelings on a 7-point scale (1 = “no
emotions at all” to 7 = “very intense emotions”). They also completed a 14-item questionnaire about the specific
type of feelings they had during the mental role-playing task. Each item consisted of groups of emotional
adjectives: (1) interested, concentrated, alert; (2) amused, joyful, merry; (3) warmhearted, gleeful, elated, (4)
sad, downhearted, blue; (5) angry, irritated, mad, (6) fearful, scared, afraid; (7) anxious, tense, nervous; (8)
disgusted, turned off, repulsed; (9) disdainful, scornful, contemptuous, (10) surprised, amazed, astonished; (11)
loving, affectionate, friendly; (12) guilty, remorseful; (13) moved; (14) calm, serene, relaxed. Participants rated
on a 7-point scale (1 = “not at all” to 7 = “very intense”) the extent to which they felt each emotional state during
the imagery task. One additional scale was presented to the participants with respect to the difficulty they had in
performing the mental role-playing task (1 = “no difficulty at all” to 7 = “extremely difficult”).

Heart rate (HR) was measured in beats per minute (b/m) with the Vitaport I system (University of Koln, Koln,
Germany) and derived from the R-R intervals of an ECG signal measured with Ag/AgCl electrodes placed on the
chest. HR sample rate was set at 5 Hz. All statistical analyses concerning HR were performed on delta scores
(i.e., the difference between the mean of the values registered during the imagery task and the mean of the values
registered during the relaxation task just preceding it). For technical reasons, HR data could not be obtained for
two subjects. Hence, statistical analyses on HR data were performed on 17 subjects.

Positron emission tomography scanning

PET data were acquired on a Siemens CT1 951 R 16/31 scanner (Siemens, Erlangen) in 3D mode. The subject’s
head was stabilized by a thermoplastic face mask secured to the head holder (Truscan Imaging, MA, USA) and a
venous catheter was inserted in a left antebrachial vein. First, a 20-min transmission scan was acquired for
attenuation correction using three rotating sources of 68 Ge. Then, regional cerebral blood flow (rCBF), taken as
a marker of local neuronal activity (Jueptner and Weiller, 1995), was estimated during 12 emission scans. Each
scan consisted of two frames: a 30-s background frame and a 90-s acquisition frame. The slow intravenous water
(H,"0) infusion began 10 s before the second frame. Six millicuries (222 MBq) was injected for each scan, in 5
cc saline, over a period of 20 s. The infusion was totally automated so as not to disturb the subject during the
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scanning period. Data were reconstructed using a Hanning filter (cutoff frequency: 0.5 cycle/ pixel) and
corrected for attenuation and background activity. The emotional tasks were pseudo-randomly distributed
between subjects, with the constraint that all schematic processing tasks were administered successively and all
propositional processing tasks were administered successively. Two relaxation tasks were also administered as
first or last scan or between the blocks of schematic and propositional tasks.

Data analysis

PET data were analyzed using statistical parametric mapping (SPM99; Welcome Department of Cognitive
Neurology, Institute of Neurology, London, UK) implemented in MATLAB (Mathworks Inc., Sherborn, MA,
USA). For each subject, all scans were realigned together, then normalized to a standard PET template using the
same transformations (Frackowiak et al., 1997). Finally, PET images were smoothed using a Gaussian kernel of
16-mm full width at half-maximum (FWHM) to accommodate inter subject differences in gyral and functional
anatomy and to suppress high-frequency noise in the images. Such transformations of the data allow for voxel-
by-voxel averaging of data across subjects and for direct cross-reference to the anatomical features in a standard
stereotactic space (conforming to the atlas of Talairach and Tournoux, 1988).

The covariance analysis subject-specific design matrix used in this study included one scan per subject for each
experimental condition and considered block effect and individual global flow as confounds. The resulting set of
voxel values for each contrast constituted a map of the ¢ statistic [SPM(?)], transformed to the unit normal
distribution [SPM(Z)]. In our factorial design, the main effect of the emotional processing mode was determined
by contrasting the four emotional imagery scripts (anger, sadness, happiness, affection) in the propositional and
schematic modes (fixed-effect subtraction analysis). The imagery scenarios in the schematic mode were
compared with the imagery scenarios in the propositional mode to determine the cerebral areas associated with
the schematic processing of emotion. The reverse contrast was performed (propositional-sche-matic) to
determine the neural basis of propositional emotional processes. In a second step, the interaction effect between
the variables “processing mode” (schematic vs propositional) and emotion (anger, sadness, happiness, affection
vs neutral) was computed.

A SPM thresholded at P <0.001 (voxel level) was used, with further correction for multiple comparisons (P <
0.05). Based on previous human lesion and neuroimaging studies, we predicted activation in ventromedial
prefrontal cortex for the schematic processing (Bechara et al., 1994, 1995, 1996, 1997, 1998, 1999a,b, 2000,
Damasio, 1994, 2000; Tranel and Damasio, 1993), in LPFC for the propositional processing (Collette and
Vanderlinden, 2002; Duncan and Owen, 2000; Ochsner et al., 2002), in ventral striatum for schematic positive
emotions (Cacioppo et al., 1999), and in amygdala for schematic negative emotions (Ochsner and Feldman-
Barret, 2001). Small volume correction (20-mm-radius sphere) was applied when looking for activation in those
predicted regions. Self-report and HR data were analyzed with ANOVA models, with a significance threshold
fixed at P <0.05.

RESULTS
Self-report data

An ANOVA was computed on global emotion intensity ratings to test the effect of processing mode across all
the emotional conditions (happiness, anger, sadness, and affection). The main effect was significant, F(1, 18) =
211.1, P < 0.0001, 3* = 0.92, showing that participants reported more intense feelings in schematic than in
propositional processing mode. This difference was significant for each of the four emotional conditions (P <
0.0001). Contrast analyses performed on global intensity ratings tested the differences between each emotional
condition and the neutral script, separately for schematic and propositional modes. Within schematic mode, each
difference was significant at P < 0.0001. Within the propositional mode, the contrasts were significant for anger
(P <0.001) and affection (P < 0.02) conditions, and not for happiness and sadness. Means and standard
deviations are presented in Table 1. Further, a multivariate ANOVA computed on the 14-item questionnaire on
specific feelings showed a significant difference between schematic and propositional modes for relevant items
(i.e., items assessing emotional feelings congruent with the emotion condition). For instance, the mean score of
the item assessing anger feelings in the anger condition was significantly higher for schematic than for
propositional processing mode. All these effects were significant at P <0.001. In addition, the main effect of
processing mode on subjective task difficulty ratings was not significant, F(1, 18) = 1.3, P = 27,1 =0.07,
suggesting that the observed differences in self-reported emotion cannot be explained by a difference in
difficulty between schematic and proposi-tional tasks.
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Table 1: Mean scores of self-reported global emotional intensity

Schematic Propositional

M SD M SD
Anger 5.63 0.76 2.2 1.03
Happiness 5.26 0.87 1.84 0.83
Sadness 5.42 1.02 1.84 1.01
Affection 4.79 0.97 1.83 0.99
Neutral 1.58 0.69 1.42 0.77

Heart rate data

The main effect of processing mode was significant for HR, showing that schematic trials generated higher HR
values than propositional trials, F(1, 16) = 5.78, P < 0.03, n° = 0.26. An interaction between processing mode
and emotion was also observed, F (3, 48) = 3.37, P < .03, n*=0.17. Simple effects showed that the difference
between schematic and propositional modes was significant for anger and happiness conditions, respectively,
F(1,16)=6.33, P < 0.02,m° = 0.28, and F(1, 16) = 5.7, P < .03, 1* = 0.26, but did not reach the significance
threshold for sadness and affection. Contrasts between each schematic emotional condition and the neutral one
were significant for anger (P < 0.006) and happiness (P < 0.01). A marginal trend was observed for sadness (P
= 0.066), and it was nonsignificant for affection. Within propositional mode, no significant differences were
observed. HR means and standard deviations are presented in Table 2.

Table 2: Heart rate delta mean scores (b/min)

Schematic Propositional

M SD M SD
Anger 6.07 7.15 2.23 3.28
Happiness 6.02 7.12 2.22 2.52
Sadness 2.73 5.61 1.27 4.87
Affection .61 3.01 .95 3.52
Neutral 45 3.83 1.81 2.54
Imaging data

Subtraction analysis (main effects)

Consistent with our predictions, the brain area that was more active in the schematic compared to the
propositional processing mode (averaging all emotional conditions) corresponded to the ventromedial prefrontal
cortex [Brod-mann’s area (BA) 10/32]. See Table 3 and Fig. 1A.

Conversely, areas where activity was increased in the four propositional imagery scripts compared with the four
schematic imagery scenarios were observed bilaterally in the LPFC (BA 10),' more specifically, in the
anterolateral prefrontal cortex. See Table 4 and Fig. 1B.

Interaction analyses

First, we explored cerebral areas more activated in the schematic than in the propositional mode when subjects
had to process a particular emotional content (i.e., anger, sadness, happiness, or affection) in comparison to a

neutral condition. Interaction analysis between mode of processing (schematic vs propositional) and emotional
content of happiness (vs neutral condition) yielded activation of the left ventral striatum (see Table 5, Fig. 2A).

! The two main effect analyses were also performed using a random effect model (Holmes and Friston, 1998), to specify cerebral areas
involved in schematic and propositional processes that were activated in each of our 19 subjects, so that activation can be generalized to the
student population from which we sampled our volunteers. Results are similar to those using the fixed effect model. A random effect model
was not used in interaction analysis because only one scan per condition was available for each subject.
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Schematic anger was tentatively associated with activation of the left ventral pallidum, close to the previous
ventral striatal activation (see Table 6, Fig. 2B). Schematic sadness and affection did not yield any significant
activation. Next, cerebral areas specifically associated with propositional emotional processing were sought, but
there was no significant activation for any of the emotional scripts.

Table 3: Main effect: schematic—propositional emotional processing

Brain area Stereotaxic coordinate Z score
X y z

Ventromedial prefrontal -4 59 6 3.94°

(BA 10/32) -4 46 -6 3.85°

Note. Coordinates and Z scores for voxels in which there was significant activation when schematic emotional processing was compared
with prop-ositional emotional processing. X, y, z (in mm) refer to coordinates in the Talairach space (Talairach and Tournoux, 1988).

* Small volume correction (SVC, 20-mm-radius sphere) at voxel P value < 0.05.

Table 4: Main effect: propositional-schematic emotional processing

Brain area Stereotaxic coordinate Z score
X v z

L inferior frontal sulcus (BA 10) —40 48 —6 431°

R middle frontal gyrus (BA 10) 50 53 3 4.98°

Note. Coordinates and Z scores for voxels in which there was significant activation when propositional emotional processing was compared
with schematic emotional processing. L, left hemisphere; R, right hemisphere, x, y, z (in mm) refer to coordinates in the Talairach space
(Talairach and Tournoux, 1988).

*SVC at voxel P value < 0.05.

® Significant at voxel P value < 0.001, corrected for multiple comparisons.

Table 5: Interaction analysis: cerebral areas specifically linked to the schematic processing of happiness

Brain area Stereotaxic coordinate Z score
X y z
L ventral striatum — 18 7 —7 4.90*

Note. Coordinates and Z scores for voxels in which there was significant activation associated with the schematic emotional processing of
happiness. L, left hemisphere, x, y, z (in mm) refer to coordinates in the Talairach space (Talairach and Tournoux, 1988).

* Significant at voxel P value < 0.001, corrected for multiple comparisons.

Table 6: Interaction analysis: cerebral areas specifically linked to the schematic processing of anger

Brain area Stereotaxic coordinate Z score

X y z

L ventral pallidum  — 18 —6 —6 4.12°

Note. Coordinates and Z scores for voxels in which there was significant activation associated with the schematic motional processing of
anger. L, left hemisphere. x, y, z (in mm) refer to coordinates in the Talairach pace (Talairach and Tournoux, 1988).

* Not predicted, but reported for completeness at voxel P value < 0.001 uncorrected.
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Fig. 1. Brain areas activated during (4) schematic compared with the propositional mode of emotional processing; (B) propositional versus
schematic mode of emotional processing. Coordinates of significant regions are given in Tables 3 and 4. Brain areas are rendered on a
standard brain MR image conforming to a stereotactic space (Talairach and Tournoux, 1988).

Fig. 2. Brain activation observed (A) for the schematic processing of happiness (y =7 mm) and (B) for the schematic processing of anger (y
=— 6 mm). Coordinates of significant regions are given in Tables 5 and 6. Areas of activation are shown on coronal sections of a standard
brain MR image conforming to a stereotactic space (Talairach and Tournoux, 1988). Y is the distance (in mm) from the anterior commissure.
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DISCUSSION

The contrasts between schematic and propositional processing modes yielded two differentiated activation
patterns congruent with the predictions derived from the literature. Schematic mode was associated with an
activation of the ventromedial prefrontal cortex (BA 10/32), whereas the propositional processing mode
activated the lateral prefron-tal cortex (BA 10)” The activation of the VMPFC during the schematic condition is
consistent with the predictions derived from brain lesion data (for a review, see Bechara, in press). Further, it is
also consistent with several neuroimaging studies that have found medial frontal activations during emotional
stimulation, suggesting that these areas have a general emotional processing role (for a review, see Luan Phan et
al., 2002). However, several reported medial frontal activations do not correspond to the ventral portions of the
medial frontal cortex activated in the present study. For instance, Lane and colleagues observed a dorsomedial
prefrontal activation (BA 9) in all emotional versus neutral comparisons independently of the type of emotion
(Lane et al., 1997b, ¢; Reiman et al, 1997), whereas our area of activation corresponds to the ventromedial
prefrontal cortex. It is likely that this difference is due to the present study’s experimental design. Unlike most
previous studies, the present study’s design does not rely on a comparison of emotional and neutral stimuli, but
on a comparison between similar emotional stimuli (imagery scripts) appraised differently by the subjects. This
design was used because when a subject is confronted with an emotional content, several activated cognitive
processing components differ from those activated during a neutral situation (Stemmler, 1992). Thus, the several
medial frontal activations reported in previous studies based on emotional versus neutral content comparisons
might reflect various cognitive components associated with an emotional task, but not involved in emotional
processing per se. More specifically, it could be argued that dorsome-dial prefrontal areas found in the
aforementioned studies are involved in the attention on subjective feelings® as proposed by Lane et al., (1997a),
whereas ventral areas would be involved in the processing leading to the generation of emotional responses.
Several arguments are consistent with this view. First, Lane et al., (1997a) found that attending to one’s
subjective feelings activated a network including dor-somedial (BA 9) frontal areas and the anterior cingulate
cortex. Second, Damasio et al. (2000) found that similar dorsomedial areas were activated in an experiment
focusing on conscious emotional feelings. Third, the results of Be-chara et al. (1997) suggest an association of
the VMPFC with unconscious emotional responses, which in turn suggests that ventral areas of the prefrontal
cortex are more likely to be involved in processing mechanisms leading to the generation of emotional
responses, rather than being specifically involved in conscious feelings. This is consistent with the hypothesis
that the VMPFC is involved primarily in a schematic processing underlying emotional generation. More
particularly, the VMPFC might be a convergence/divergence zone (Bechara, in press; Damasio, 1989, 1994),
coupling multimodal perceptual and semantic information characterizing a given abstract category of emotional
situations to older response systems located in subcortical structures. Several arguments are consistent with this
hypothesis: (1) The VMPFC is likely to be the brain region responsible for the classification of emotionally
significant situations into abstract categories (Damasio, 1994; Bechara et al., 2000), which is an essential feature
of the process of schemata formation according to multilevel models. (2) The VMPFEC is connected with sensory
cortices, subcortical structures, and anterior cingulate cortex as well as with frontal regions involved in the
processing of declarative information (Ghashghaei and Barbas, 2001; Green-stein and Greenstein, 2000; Mercier
et al., 1999). Therefore, the VMPFC has the anatomical features necessary to integrate the multimodal
information needed for the construction of schemata and their links with bodily response systems. (3) Extensive
neuropsychological data from brain lesion studies show that prefrontal cortex—and, more particularly,
VMPFC—Ilesions impair the expression of emotions, as well as the learning of the affective value of a given
situation (Bechara et al. 1995, 1996, 1997, 1998, 1999a, b, 2000; Damasio, 1994; Heilman et al., 2000;
Meulemans and Vincent, 1999).

The reverse contrast (propositional-schematic) yielded a bilateral anterolateral prefrontal activation (BA 10)
consistent with the predictions of LPFC activation. Previous studies found that this region is associated with

% There may be a systematic confound in the experimental task. Indeed, the schematic sentences were statements whereas the propositional
ones were questions. This procedure was chosen because statements reflect a more spontaneous mode, whereas questions can reflect a more
analytical mode typical of propositional processing. It could be argued that the observed results might partially reflect a difference in the
processing of the format of the mentally repeated sentences independently of the schematic— propositional issue. We acknowledge that the
present study’s design cannot rule out this possibility. However, it should be stressed that the results of a behavioral study using the mental
role-playing procedure found that the format of the sentences by itself had no effects on emotional measures, whereas the schematic—
propositional manipulation yielded very significant differences (Schaefer and Philippot, 2000).

S ltis important to highlight that the attentional processes to which we refer are probably involved in conscious emotional feelings but are
not by themselves conscious emotional feelings. Indeed, it is possible to direct one’s attention to one’s subjective experience without
experiencing emotional feelings. In other terms, focusing one’s attention on subjective feelings may be a necessary but not sufficient
condition to experience conscious emotional feelings.
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executive tasks. For instance, this area was associated with semantic inhibition processes using the Hayling task
(Collette et al., 2001), inhibition of prevalent responses (George et al., 1994; Taylor et al., 1997), and updating
tasks, i.e., manipulating the content of working memory according to internal (long-term memory retrieval) and
external (sensory input) incoming information (Salmon et al., 1996; Van der Linden et al., 1999). These
processes are likely to have been involved in the volitional and controlled appraisal of emotional information
that was performed by the subjects in the proposi-tional condition. Indeed, the controlled processing of
information about emotion may require the inhibition of dominant responses elicited by an automatic schematic
processing of the emotional images. In addition, the intentional selection and monitoring of incoming
information from long-term memory is required to feed the controlled appraisal process.

Such processes are very likely to be strongly involved in emotional self-regulation. Indeed, controlling our
emotions may certainly require the inhibition of prepotent automatic responses, whether they are motor (e.g.,
aggression or escape) or cognitive (e.g., automatic thoughts). In addition, the selection and monitoring of internal
and external incoming information are probably necessary to reappraise a stimulus, i.e., voluntarily changing its
emotional meaning by several cognitive strategies (Ochsner et al., 2002). It is therefore not surprising that the
LPFC findings are consistent with some studies that have found LPFC activations associated with attempts at
regulating emotional responses (Beauregard et al., 2001; Ochsner et al., 2002). Future research should
investigate the neural processes by which the LPFC can influence medial frontal and subcortical areas, allowing
volitional modulation of emotional responses. This issue is crucial for understanding the neural basis of affective
disorders. Indeed, the disruption of self-regulatory processes could be the origin of several psychological
disorders (Beauregard et al., 2001), and emotional self-regulation is crucial for several psychotherapeutic
methods.

The similarity of our propositional activations with findings about the neural correlates of executive functions
raises the question of the specificity of propositional processing: Is propositional emotional processing different
from proposi-tional processing in general? In other words, it could be argued that the propositional processing
corresponds to an application of general executive processes on emotional contents. Although Multilevel models
of emotion suggest that there would be a specific emotional propositional processing level, there is no substantial
evidence that might disentangle these two hypotheses. That question has to be empirically addressed. More
specifically, the specificity hypothesis predicts that executive tasks should yield different neural correlates
according to the emotionality of the contents processed in the task. Some models of executive functions are
consistent with the specificity hypothesis. Indeed, Goldman-Rakic (1995) and Kimberg and Farah (1993) posit
the existence of a general executive system fractionated in several components according to the nature of the
contents processed by the system. It could be postulated that one of these content-specific executive components
would be specific to emotional content, and that this component would be essential for emotional self-regulation.

The second purpose of the present study was to identify the neural correlates of four specific emotions
(happiness, anger, affection, and sadness), using the contrast between schematic and propositional processing
modes to obtain a purer delimitation of the areas associated with these emotions. In interaction analyses, each
emotional condition was contrasted with the neutral condition, separately within schematic and propositional
modes. The underlying idea was that comparisons within schematic mode should evidence the loci associated
with the production of actual emotional responses specific to a given emotional category, free from cold
processing elements. It appeared that schematic processing of happiness activated the ventral striatum (VS),
while “schematic anger” was tentatively related to ventral pallidum activation.

The activation of the ventral striatum for happiness fits well with our predictions. Indeed, several models
postulate that VS is involved in positive emotions (e.g., Cacioppo et al., 1999). It is likely that VS is a structure
specialized in (1) assessing the beneficial value of a given object for the organism; and (2) producing bodily
responses that generate desirable states, creating an association between the object and the desirable response in
order to foster the subject to seek further encounters with the beneficial object. Consistent with this view,
research with animals documented the involvement of VS with reward-related behaviors (e.g., Apicella et al.,
1991; Bowman et al., 1996; Carelli and Ijames, 2001). Studies with humans also support this thesis. For instance,
Elliott et al. (2000) found that financial reward was associated with VS activity, and Lane et al. (1997b) observed
that VS activation was associated with exposure to positively valenced film clips. Further, it seems that VS plays
an important role in dopaminergic circuits of the brain, and dopamine is likely to be involved in positive affect
(Ashby et al., 1999). Indeed, Drevets et al. (2001) found that levels of dopamine release in the VS positively
correlated with self-ratings of euphoria.

Activation of the ventral pallidum (VP) during schematic processing of anger was also observed. However, this
un-predicted activation is less reliable and very close to the previous one. Indeed, a post hoc subtraction between
schematic anger and schematic happiness did not reveal a reliable activation of the VP. We report this finding in
the goal of being exhaustive, and any conclusion of association between the VP and anger has to be drawn with
caution. In animal literature, the VP has been reported as being involved in goal-directed behaviors (Johnson and
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Stellar, 1994; Panagis and Spyraki, 1996; Panagis et al., 1995a, b, 1997) and with motor activity (Austin and
Kalivas, 1991; Fletcher et al., 1998). More particularly, it has been hypothesized that the VP is responsible for
the translation of motivational, goal-oriented information into motor actions (Li et al., 1999; Mogenson et al.,
1980). Hence, the observed activation of the VP might reflect the activation of the motor action preparation
component involved in anger as well as fear, or approach-like emotions like happiness (Davidson, 1992; Frijda,
1986).

The interaction analyses did not yield any significant activation for schematic sadness and schematic affection. A
possible explanation is that these two emotions have a low level of arousal, whereas anger and happiness have a
high level of arousal (Russel, 1980; Russel and Feldman-Barret 1999). Indeed, by trying to identify the purely
schematic component of each discrete emotion, our interaction design isolated the areas leading to “actual”
emotional responses. Therefore, specific emotions associated with a high level of bodily arousal were more
likely to yield significant activations. It is noteworthy that schematic sadness and affection did not yield
significant HR changes compared with their propositional counterparts. Further, interaction analyses did not
yield any significant activation when emotional scripts (compared with neutral ones) were processed in the
propo-sitional versus the schematic mode. This result is not surprising since the propositional processes are
supposed to operate on declarative knowledge about emotion, which is much more diversified and distributed
than schematic knowledge (Philippot and Schaefer, 2001). Hence, the activity corresponding to the
propositional processing of a given emotional script was probably too variably distributed to be captured by our
interaction analyses.

Finally, it has to be pointed out that the expected activation of the amygdala for negative emotions did not
emerge from our interactions, despite existing evidence of its involvement in negative emotions (e.g., Morris et
al., 1998, 2001; Reiman et al., 1997; Whalen et al., 1998). In this respect, one should stress that (1) amygdala
activation seems to be related only to stimuli that are physically present in the subject’s environment (Damasio et
al., 2000; Whalen, 1998), which may undermine the possibility of observing activation of the amygdala with a
task based on mental imagery; and (2) some studies showed very rapid habituation of amygdala responses which
can make it difficult to observe significant changes in amygdala with PET methods (Biichel et al., 1998; Wright
et al., 2001). Hence, it may be that significant activation of amygdala was not observed in the present study
because of an early habituation of its activity during our 60-s task.

In summary, the present study attempted to identify the neural correlates of distinct schematic and propositional
levels of emotional processing. Consistent with our predictions, findings suggest that the schematic processing
mode is associated with ventromedial areas of the prefrontal cortex, whereas the propositional mode activates
anterolateral prefrontal areas. Nevertheless, future research should investigate the involvement of these areas in
emotion using experimental procedures that dissociate subjective experience from operating mechanisms. In
addition, the distinction between schematic and propositional processes allowed us to take a new approach to the
issue of the neural correlates of discrete emotions: Interaction analyses suggested that the ventral striatum was
involved with “schematic happiness,” and the ventral pallidum was tentatively associated with “schematic
anger.” The present study’s results support the view of emotion as a complex phenomenon involving several
processing levels. From this perspective, searching for the neural correlates of these processing levels might
bring new insights into the understanding of emotion and affective disorders.

Acknowledgments: This study was supported by the Belgian National Fund for Scientific Research (FNRS), the
“Fondation Médicale Reine Elisabeth” and an Interuniversity Attraction Pole (P5/04). A.S. is Research Fellow at
the FNRS. F.C. and S.L. are postdoctoral researchers at the FNRS. P.P. is Research Associate at the FNRS. P.M.
is Senior Research Associate at the FNRS.

References

Aalto, S., Naatanen, P., Wallius, E., Metsahonkala, L., Stenman, H., Niemi, P.M., 2002. Neuroanatomical substrata of amusement and
sadness: a PET activation study. NeuroReport 13, 67-73.

Apicella, P., Ljungberg, T., Scarnati, E., Schultz, W., 1991. Responses to reward in monkey dorsal and ventral striatum. Exp. Brain Res. 85,
491-500.

Ashby, F.G., Isen, A.M., Turken, U., 1999. A neuropsychological theory of positive affect and its influence on cognition. Psycholo. Rev.
106, 529-550.

Austin, M.C., Kalivas, P.W., 1991. Dopaminergic involvement in locomotion elicited from the ventral pallidum/substantia innominata. Brain
Res. 542, 123-131.

Baddeley, A.D., 1996. Exploring the central executive. Q. J. Exp. Psychol. 49, 5-28.

Bagby, R.M., Parker, J.D.A., Taylor, G.J., 1994. The twenty-item Toronto Alexithymia Scale: item selection and cross-validation of the
factor structure. J. Psychosom. Res. 38, 23-32.

Beauregard, M., Levesque, J., Bourgouin, P., 2001. Neural correlates of conscious self-regulation of emotion. J. Neurosci. 21, RC165 (1-6).



Published in: Neuroimage (2003), vol. 18, iss. 4, pp. 938-949
Status: Postprint (Author’s version)

Bechara, A. A neural view of the regulation of complex cognitive functions by emotion, in: Philippot, P., Feldman, R.S. (Eds.), The
Regulation of Emotion, Lawrence Erlbaum Associates, New York, in press.

Bechara, A., Damasio, A.R., Damasio, H., Anderson, S.W., 1994. Insen-sitivity to future consequences following damage to human
prefrontal cortex. Cognition 50, 7-15.

Bechara, Damasio, H., Damasio, A.R., 2000. Emotion, decision making and the orbitofrontal cortex. Cereb. Cortex 10, 295-307.

Bechara, A., Damasio, H., Damasio, A.R., Lee, G.P., 1999a. Different contributions of the human amygdala and ventromedial prefrontal
cortex to decisionmaking. J. Neurosci. 19, 5473-5481.

Bechara, A., Damasio, H., Tranel, D., Anderson, S.W., 1998. Dissociation of working memory from decision making within the human
prefrontal cortex. J. Neurosci. 18, 428-437.

Bechara, A., Damasio, H., Tranel, D., Damasio, A.R., 1997. Deciding advantageously before knowing the advantageous strategy. Science
275, 1293-1295.

Bechara, A., Tranel, D., Damasio, H., Adolphs, R., Rockland, C, Damasio, A.R., 1995. Double dissociation of conditioning and declarative
knowledge relative to the amygdala and hippocampus in humans. Science 269, 1115-1118.

Bechara, A., Tranel, D., Damasio, H., Damasio, A.R., 1996. Failure to respond autonomically to anticipated future outcomes following
damage to prefrontal cortex. Cereb. Cortex 9, 215-225.

Bechara, A., Tranel, D., Hindes, A., 1999b. Roles of the amygdala, prefrontal cortex, and right somatosensory/insular cortex in decision
making and emotional processing. J. Neuropsychiatry Clin. Neurosci. 11, 157.

Beck, A.T., Steer, R.A., 1988. Psychometric properties of the Beck Depression Inventory: twenty-five years of evaluation. Clin. Psychol.
Rev. 8, 77-100.

Blair, R.J.R., Morris, J.S., Frith, CD., Perrett, D.I., Dolan, R.J., 1999. Dissociable neural responses to facial expressions of sadness and anger.
Brain 122, 883-893.

Bonanno, G.A., 2001. Emotion self-regulation, in: Mayne, T.J., Bonanno, G.A. (Eds.), Emotions: Current Issues and Future Directions,
Guilford Press, New York, pp. 251-285.

Bowman, E.M., Aigner, T.G., Richmond, B.J., 1996. Neural signals in the monkey ventral striatum related to motivation for juice and
cocaine reward. J. Neurophysiol. 75, 1061-1073.

Bu'chel, C, Morris, J., Dolan, R.J., Friston, K.J., 1998. Brain systems mediating aversive conditioning: an event-related fMRI study. Neuron
20, 947-957.

Cacciopo, J.T., Gardner, W.L., Berntson, G.G., 1999. The affect system has parallel and integrative processing components: form follows
function. J. Pers. Social Psychol. 76, 839-855.

Canli, T., Desmond, J.E., Zhao, Z., Glover, G., Gabrieli, J.D.E., 1998. Hemispheric asymmetry for emotional stimuli detected with fMRI.
NeuroReport 9, 3233-3239.

Carelli, R.M., [james, S.G., 2001. Selective activation of accumbens neurons by cocaine associated stimuli during a water/cocaine multiple
schedule. Brain Res. 907, 156-161.

Collette, F., Van der Linden, M., 2002. Brain imaging of the central executive component of working memory. Neurosci. Biobehav. Rev. 26,
105-125.

Collette, F., Van der linden, M., Delfiore, G., Degueldre, C, Luxen, A., Salmon, E., 2001. The functional anatomy of inhibition processes
investigated with the Hayling task. Neurolmage 14, 258-267.

Critchley, H., Daly, E., Phillips, M., Brammer, M., Bullmore, E., Williams, S., Van-Amelsvoort, T., Robertson, D., David, A., Murphy, D.,
2000. Explicit and implicit neural mechanisms for processing of social information from facial expressions: a functional magnetic resonance
imaging study. Hum. Brain Mapp. 9, 93-105.

Damasio, A.R., 1989. Time-locked multiregional retroactivation: a systems-level proposal for the neural substrates of recall and recognition.
Cognition 33, 25-62.

Damasio, A.R., 1994. Descartes’ Error: Emotion, Reason and the Human Brain. Grosset/Putnam Books, New York.

Damasio, A.R., 2000. A second chance for emotion, in: Lane, R.D., Nadel, L. (Eds.), Cognitive Neuroscience of Emotion, Oxford Univ.
Press, London/New York, pp. 12-23.

Damasio, A.R., Grabowski, T.J., Bechara, A., Damasio, H., Ponto, L.L.B., Parvizi, J., Hichwa, R.D., 2000. Subcortical and cortical brain
activity during the feeling of self-generated emotions. Nat. Neurosci. 3, 1049-1056.

Davidson, R.J., 1992. A prolegomenon to the structure of emotion: gleanings from neuropsychology. Cogn. Emotion 6, 245-268.

Davidson, R.J., Jackson, D.C., Kalin, N.H., 2000. Emotion, plasticity, context and regulation: perspectives from affective neuroscience.
Psychol. Bull. 126, 890-909.

Dougherty, D.D., Shin, L.M., Alpert, N.M., Pitman, R.K., Orr, S.P., Lasko, M., Mcklin, M.L., Fischlman, A.J., Raych, S.L., 1999. Anger in
healthy men: a PET study using script-driven imagery. Biol. Psychiatry 46, 466-472.

Drevets, W.C., Gautier, C, Price, J., Kupfer, D.J., Kinahan, P.E., Grace, A.A., Price, J.L., Mathis, C.A., 2001. Amphetamine-induced
dopamine release in human ventral striatum correlates with euphoria. Biol. Psychiatry 49, 81-96.

Duncan, J., Owen, A.M., 2000. Common regions of the human frontal lobe recruited by diverse cognitive demands. Trends Neurosci. 23,
475-483.

Elliott, R., Friston, K.J., Dolan, R.J., 2000. Dissociable neural responses in human reward systems. J. Neurosci. 20, 6159-6165.



Published in: Neuroimage (2003), vol. 18, iss. 4, pp. 938-949
Status: Postprint (Author’s version)

Fletcher, P.J., Sabijan, M.S., De Sousa, N.S., 1998. Injections of D-am-phetamine into the ventral pallidum increase locomotor activity and
responding for conditioned reward: a comparison with injections into the nucleus accumbens. Brain Res. 805, 29-40.

Frackowiak, R., Friston, K., Frith, C, Dolan, R., Mazziotta, J.C., 1997. Human Brain Function. Academic Press, London.
Frijda, N.H., 1986. The Emotions. Cambridge Univ. Press, Cambridge, UK.

George, M.S., Ketter, T.A., Parekh, P.I., Herscovitch, P., Post, R.M., 1996. Gender differences in regional cerebral blood flow during
transient self-induced sadness or happiness. Biol. Psychiatry 40, 859-871.

George, M.S., Ketter, T.A., Parekh, P.I., Rosinsky, N., Ring, H., Casey, B.J., Trimble, M.R., Horwitz, B., Herscovitch, P., Post, R.M., 1994.
Regional brain activity when selecting a response despite interference: an H,0'> PET study of the Stroop and emotional Stroop. Hum. Brain
Mapp. 1, 194-209.

George, M.S., Ketter, T.E., Parekh, P.I., Horwitz, B., Herscovitch, P., Post, R.M., 1995. Brain activity during transient sadness and happiness
in healthy women. Am. J. Psychiatry 152, 341-351.

Ghashghaei, H.T., Barbas, H., 2001. Neural interaction between the basal forebrain and functionally distinct prefrontal cortices in the rhesus
monkey. Neuroscience 103, 593-614.

Goldman-Rakic, P.S., 1995. Architecture of the prefrontal cortex and the central executive. Ann. NY Acad. Sci. 769, 71-84.
Greenstein, B., Greenstein, A., 2000. Color Atlas of Neuroscience: Neuroanatomy and Neurophysiology. Thieme, Stuttgart.

Gross, J.J., 1998. Antecedent and response-focused emotion regulation: divergent consequences for experience, expression and physiology.
J. Pers. Social Psychol. 74, 224-237.

Gross, J.J., 1999. The emerging field of emotion regulation: an integrative review. Rev. Gen. Psychol. 2, 271-299.

Hariri, A.R., Bookheimer, S.Y., Maziotta, J.C., 2000. Modulating emotional responses: effects of a neocortical network on the limbic system.
NeuroReport 11, 43-48.

Heilman, K.M., Blonder, L.X., Bowers, D., Crucian, G.P., 2000. Neurological disorders and emotional dysfunction, in: Borod, J.C. (Ed.),
The Neuropsychology of Emotion, Oxford Univ. Press, London/New York, pp. 367-412.

Holmes, A., Friston, K., 1998. Generalisability, random effects and population inference. Neurolmage 7, 754.

Johnson, M.K., Multhaup, K.S., 1992. Emotion and MEM, in: Christian-son, S.A. (Ed.), The Handbook of Emotion and Memory, Erlbaum,
Hillsdale, NJ, pp. 33-66.

Johnson, P.I., Stellar, J.R., 1994. Comparison of delta opiate receptor agonist induced reward and motor effects between the ventral pallidum
and dorsal striatum. Neuropharmacology 33, 1171-1182.

Jueptner, M., Weiller, C, 1995. Review: does measurement of regional cerebral blood flow reflect synaptic activity? Implications for PET
and fMRI. Neurolmage 2, 148-156.

Kesler, M.L., Anderson, A.H., Smith, CD., Avison, M.S., Davis, C.E., Kryscio, R.J., Blonder, L.X., 2001. Neural substrates of facial emotion
processing using fMRI. Cogn. Brain Res. 11, 213-226.

Kimberg, D.Y., Farah, M.J., 1993. A unified account of cognitive impairments following frontal lobe damage: the role of working memory
in complex, organized behavior. J. Exp. Psychol. Gen. 122, 411-428.

Kimbrell, T.A., George, M.S., Parekh, P.I., Ketter, T.A., Podell, D.M., Danielson, A.L., Repella, J.D., Benson, B.E., Willis, M.W., Hersco-
vitch, P., Post, R.M., 1999. Regional brain activity during transient self-induced anxiety and anger in healthy adults. Biol. Psychiatry 46,
454-465.

Lane, R.D., Fink, G.R., Chau, P.M.L., Dolan, R.J., 1997a. Neural activation during selective attention to subjective emotional responses.
Neu-roReport 8, 3969-3972.

Lane, R.D., Reiman, E.M., Ahern, G.L., Schwartz, G.E., Davidson, R.J., 1997b. Neuroanatomical correlates of happiness, sadness and
disgust. Am. J. Psychiatry 154, 926-933.

Lane, R.D., Reiman, E.M., Bradley, M.M., Lang, P.J., Ahern, G.L., Davidson, R.J., Schwartz, G.E., 1997c. Neuroanatomical correlates of
pleasant and unpleasant emotion. Neuropsychologia 35, 1437-1444.

Lazarus, R.S., 1991. Progress on a cognitive-motivational-relational theory of emotion. Am. Psychol. 46, 819-834.

Lazarus, R.S., Smith, C.A., 1991. Emotion and adaptation, in: Pervin, L.A. (Ed.), Handbook of Personality: Theory and Research, Guilford
Press, New York, pp. 609-637.

Leventhal, H., Scherer, K., 1987. The relationship of emotion to cognition: a functional approach to a semantic controversy. Cogn. Emotion
1,3-28.

Li, L., Fulton, J.D., Yeomans, J.S., 1999. Effects of bilateral electrical stimulation of the ventral pallidum on acoustic startle. Brain Res. 836,
164-172.

Luan Phan, K., Wager, T., Taylor, S.F., Liberzon, I., 2002. Functional neuroanatomy of emotion: a meta-analysis of emotion activation
studies in PET and fMRI. Neurolmage 16, 331-348.

McClelland, J.L., McNaughton, B.L., O’Reilly, R.C., 1995. Why there are complementary learning systems in the hippocampus and
neocortex: insights from the successes and failures of connectionist models of learning and memory. Psychol. Rev. 102, 419-457.

Mercier, P., Fournier, H.D., Jacobs, B., 1999. Anatomic functionnelle des lobes frontaux, in: Van der Linden, M., Seron, X., Le Gall, D.,
Pilar, A. (Eds.), Neuropsychologie des lobes frontaux, Solal, Marseille, pp. 33—88.

Meulemans, T., Vincent, E., 1999. Modification des conduites émotion-nelles chez les patients atteints de Iésions frontales, in: Van der



Published in: Neuroimage (2003), vol. 18, iss. 4, pp. 938-949
Status: Postprint (Author’s version)

Linden, M., Seron, X., Le Gall, D., Pilar, A. (Eds.), Neuropsychologie des lobes frontaux, Solal, Marseille, pp. 309-326.

Mogenson, D.J., Jones, C.Y., Yim, C.Y., 1980. From motivation to action: functional interface between the limbic system and the motor
system. Prog. Neurobiol. 14, 69-97.

Moll, M., Miikkulainen, R., 1997. Convergence-zone episodic memory: analysis and simulations. Neural Netw. 10, 1017-1036.

Morris, J.S., Biichel, C, Dolan, R.J., 2001. Parallel neural responses in amygdala subregions and sensory cortex during implicit fear
conditioning. Neurolmage 13, 1044-1052.

Morris, J.S., Ohman, A., Dolan, R.J., 1998. Conscious and unconscious emotional learning in the human amygdala. Nature 393, 467-470.

Northoff, G., Richter, A., Gessner, M., Schlagenhauf, F., Fell, J., Baum-gart, F., Kaulisch, T., Kétter, R., Stephan, K.E., Leschinger, A., Hag-
ner, T., Bargel, B., Witzel, T., Hinrichs, H., Bogerts, B., Scheich, H., Heinze, H.J., 2000. Functional dissociation between medial and lateral
prefrontal cortical spatiotemporal activation in negative and positive emotions: a combined fMRI/MEG study. Cereb. Cortex 10, 93-107.

Ochsner, K.N., Bunge, S.A., Gross, J.J., Gabrieli, J.D.E., Rethinking feelings: an fMRI study of the cognitive regulation of emotion. J. Cogn.
Neurosci. 14, 1215-1229.

Ochsner, K.N., Feldman-Barret, L., 2001. A multiprocess perspective on the neuroscience of emotion, in: Mayne, T.J., Bonanno, G.A. (Eds.),
Emotions: Current Issues and Future Directions, Guilford Press, New York, pp. 38-81.

O"hman, A., Flykt, A., Lundqvist, D., 2000. Unconscious emotion: evolutionary perpectives, psychophysiological data and
neuropsychological mechanisms, in: Lane, R.D., Nadel, L. (Eds.), Cognitive Neuroscience of Emotion, Oxford Univ. Press, London/New
York, pp. 296-327.

Owen, A.M., Lee, A.C., Williams, E.J., 2000. Dissociating aspects of verbal working memory within the human frontal lobes: further
evidence for a “process-specific” model of lateral frontal organization. Psychobiology 28, 146-155.

Panagis, G., Miliaressis, E., Anagnostakis, Y., Spyraki, C, 1995a. Ventral pallidum self-stimulation: a moveable electrode mapping study.
Behav. Brain Res. 68, 165-172.

Panagis, G., Nomikos, G.G., Miliaressis, E., Chergui, K., 1997. Ventral pallidum self-stimulation induces stimulus dependent increase in c-
fos expression in reward-related brain regions. Neuroscience 77, 175-186.

Panagis, G., Spyraki, C, 1996. Neuropharmacological evidence for the role of dopamine in ventral pallidum self-stimulation.
Psychopharmacology 123, 280-288.

Panagis, G., Spyraki, C, Miliaressis, E., 1995b. Poststimulation excitability of ventral pallidum self-stimulation neurons. Behav. Neurosci.
109, 777-781.

Paradiso, S., Johnson, D.L., Andreasen, N.C., O’Leary, D.S., Watkins, G.L., Ponto, L.L.B., Hichwa, R.D., 1999. Cerebral blood flow
changes associated with attribution of emotional valence to pleasant, unpleasant and neutral visual stimuli in a PET study of normal subjects.
Am. J. Psychiatry 156, 1618-1629.

Philippot, P., Schaefer, A., 2001. Emotion and memory, in: Mayne, T.J., Bonanno, G.A. (Eds.), Emotion: Current Issues and Future
Directions, Guilford Press, New York, NY, pp. 82-122.

Postle, B.R., D’Esposito, M., 2000. Evaluating models of the topographical organization of working memory functions in frontal cortex with
event-related fMRI. Psychobiology 28, 197-206.

Power, M., Dalgleish, T., 1997. Cognition and Emotion: From Order to Disorder. Erlbaum, Hove, UK.

Reiman, E.M., Lane, R.D., Ahern, G.L., Schwartz, G.E., Davidson, R.J., Friston, K.J., Yun, L-S., Chen, K., 1997. Neuroanatomical
correlates of externally and internally generated human emotion. Am. J. Psychiatry 154, 918-925.

Russell, J.A., 1980. A circumplex model of affect. J. Pers. Social Psychol. 39, 1161-1178.

Russel, J.A., Feldman-Barret, L.F., 1999. Core affect, prototypical emotional episodes, and other things called emotion: dissecting the
elephant. J. Pers. Social Psychol. 76, 805-819.

Salmon, E., Van der Linden, M., Collette, F., Delfiore, G., Maquet, P., Degueldre, C, Luxen, A., Franck, G., 1996. Regional brain activity
during working memory tasks. Brain 119, 1617-1625.

Schaefer, A., Philippot, P., 2000. Schematic and reflexive processing during an emotion-inducing task, in: Proceedings of the XIth
Conference of the International Society for Research on Emotion, Québec City, Canada.

Scherer, K.R., Fischer, A.H., Philippot, P., Wallbott, H., 1994. International Survey on Emotional Antecedents and Reactions. Computerized
databank. /www.unige.ch/fapse/emotion/databanks/isear.html.

Schneider, F., Gur, R.E., Alavi, A., Seligman, M.E.P., Mozley, L.H., Smith, R.J., Mozley, P.D., Gur, R.C., 1996. Cerebral blood flow
changes in limbic regions induced by unsolvable anagram tasks. Am. J. Psychiatry 153, 26-212.

Schneider, F., Gur, R.E., Mozley, L., Smith, R.J., Mozley, P., Censits, D.M., Alavi, A., Gur, R.C., 1995. Mood effects on limbic blood flow
correlate with emotional self-rating: a PET study with oxygen-15 labeled water. Psychiatry Res. Neuroimaging 61, 265-283.

Schneider, F., Habel, U., Kessler, C, Salloum, J.B., Posse, S., 2000. Gender differences in regional cerebral activity during sadness. Hum.
Brain Mapp. 9, 226-238.

Shin, L.M., Dougherty, D.D., Orr, S.P., Pitman, R.K., Lasko, M., Macklin, M.L., Alpert, N.M., Fischman, A.J., Rauch, S.L., 2000.
Activation of anterior paralimbic structures during guilt-related script-driven imagery. Biol. Psychiatry 48, 43-50.

Smith, C.A., Haynes, K.N., Lazarus, R.S., Pope, L.K., 1993. In search of the “hot cognitions:” attributions, appraisals and their relation to
emotion. J. Pers. Social Psychol. 65, 916-929.

Smith, C.A., Kirby, L.D., 2000. Consequences require antecedents: toward a process model of emotion elicitation, in: Forgas, J.D. (Ed.),



Published in: Neuroimage (2003), vol. 18, iss. 4, pp. 938-949
Status: Postprint (Author’s version)

Feeling
and Thinking: The Role of Affect in Social Cognition, Cambridge Univ. Press, New York, pp. 83—106.
Spielberger, C.D., Gorsuch, R.L., Luschene, R.E., 1970. State—Trait Inventory. Consulting Psychologists Press, Palo Alto, CA.

Stemmler, G., 1992. The vagueness of specificity: models of peripheral physiological emotion specificity in emotion theories and their
experimental discriminability. J. Psychophysiol. 6, 17-28.

Stemmler, G., Heldmann, M., Pauls, C.A., Scherer, T., 2001. Constraints for emotion specificity in fear and anger: the context counts.
Psycho-physiology 38, 275-291.

Talairach, J., Tournoux, P., 1988. Co-planar Stereotaxic Atlas of the Human Brain: 3-Dimensional Proportional System: An Approach to
Cerebral Imaging. Thieme, Stuttgart.

Taylor, S.F., Kornblum, S., Lauber, E.J., Minoshima, S., Koeppe, R.A., 1997. Isolation of specific interference processing in the Stroop task:
PET activation studies. Neurolmage 6, 81-92.

Teasdale, J.D., 1999. Multi-level theories of cognition-emotion relations, in: Dalgleish, T., Power, M. (Eds.), Handbook of Cognition and
Emotion, Wiley, UK, pp. 665-682.

Teasdale, J.D., Barnard, P.J., 1993. Affect, Cognition and Change. Erl-baum, Hove, UK.

Teasdale, J.D., Howard, R.J., Cox, S.G., Ha, Y., Brammer, M.J., Williams, S.C.R., Checkley, S.A., 1999. Functional MRI study of the
cognitive generation of affect. Am. J. Psychiatry 156, 209-215.

Tranel, D., Damasio, A., 1993. The covert learning of affective valence does not require structures in hippocampal system or amygdala. J.
Cogn. Neurosci. 5, 79-88.

Van der Linden, M., Collette, F., Salmon, E., Delfiore, G., Degueldre, C., Luxen, A., Franck, G., 1999. The neural correlates of updating of
information in verbal working memory. Memory 7, 549-560.

Vrana, S.R., Cuthbert, B.N., Lang, P.J., 1986. Fear imagery and text processing. Psychophysiology 23, 247-253.

Whalen, P.J., 1998. Fear, vigilance and ambiguity: initial neuroimaging studies of human amygdala. Curr. Directions Psychol. Sci. 7, 177—
188.

Whalen, P.J., Rauch, S.L., Etcoff, N.L., Mclnerney, S.C., Lee, M.B., Jenike, M.A., 1998. Masked presentations of emotional facial
expressions modulate amygdala activity without explicit knowledge. J. Neu-rosci. 18, 411-418.

Wright, C.1., Fischer, H., Whalen, P.J., McInerney, S.C., Shin, L.M., Rauch, S.L., 2001. Differential prefrontal cortex and amygdala habit-
uation to repeated presented emotional stimuli. NeuroReport 12, 379 383.



