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Supplementary methods 

 

Note on the Use of Sexually Arousing Stimuli 

 

To observe early effects of modulation by emotional competence of stimuli, we used 

sexually arousing pictures which appear to be the most arousing and reliable in inducing 

emotional responses, at least in male subjects (Bradley and Lang, 2000; Bradley et al., 2001). 

Sexual arousal is a very basic and evolutionary relevant affective process at the core of affective 

life that can be triggered by very stereotyped stimuli in a quasi automatic manner. As most 

emotions on the positive valence scale, it is typically associated with motivation of approach 

behaviors, both in humans and animals (see Redoute et al., 2000). Monkeys male rhesus 

macaques sacrifice rewarding fluid for the opportunity to view pictures of female perinea 

(Deaner et al., 2005). Also sexual information bias attention at early stages of visual processing 

and has a high likelihood to access consciousness, in the same way as threat stimuli do 

(Anderson, 2005). Sexual arousal is the only emotion along the positive valence dimension 

which can be compared with fear or disgust on the negative valence dimension in term of 

stereotypicality and automaticity, and for which early and reliable modulation of visual arousal 

can be expected.  

 

Motivation of the use of movies 



In our design, the use of movies had an important role in another aspect of the 

experiment, which is beyond the scope of this report. The experiment was designed in order to be 

able to study both early processing at movie onset and processing involving a longer time scale, 

with a special interest in the dynamics of emotional experience. The movies were designed with 

the idea that dynamic stimuli 1) might be more emotionally competent, and 2) would constitute a 

basis for subjects to provide, after each trial, a retrospective account of the intensity of their 

dominant emotion during movie presentation. The retrospective account of the time course of 

their emotional experience was collected using a computerized system allowing the subjects to 

build, in a referential with objective time stamps, subjective curves representing the time course 

of the overall intensity of their remembered experience across the 10 seconds of presentation of 

the previous movie. 

The moderate panning of the camera during the movies was aimed at helping the subjects 

to anchor the retrospective memory of their subjective experience in the different phases of the 

previous movie (e.g. “I remember that when this feature was at the center of the screen my 

emotion increased, etc.”). 

The subjects were trained to perform this task in a 2-3 hour session a few days before the 

experiment, using different but similar stimuli from those used in the actual experiment and 

testing notably for the reliability of their curve building. The subjects were also introduced to and 

trained with the other scales of arousal and valence that they would have to use during the 

experiment. By the end of the training session, all subjects included in the experiment performed 

the tasks efficiently and effortlessly. They reported in general that the task was natural and 

somewhat not that different from the type of cognitive processes they spontaneously engage 

when they tell a friend about a movie that they have seen (e.g. “When the door started opening 



slowly with this high pitch noise, I was really scared, until it appears that the guy behind the door 

was not the killer.”)     

The day of the experiment, the subjects were instructed at the beginning of each run, to 

stay still during the whole run, fixate the ellipsoid, pay carefully attention to the stimuli, and 

freely experience any emotional feeling that might occur during the movies. They were also 

instructed to rate their feeling after each trial using the different scales and interfaces that would 

appear on the screen after each movie presentation, and that they had been trained to use during 

the training session.   

Details of the method and results concerning the curve building aspect of the experiment 

are beyond the scope of this report and will be the topic of another report. 7 seconds (2 s ISI + 5 

s baseline) separated the end of the response period, including the subjective curve building, and 

the beginning of the next movie: thus the impact of the task of curve building during the 

response phase of the previous trial on the stimulation phase of the subsequent trial is very 

unlikely to be of any significance on the type of isolated, rapid, stereotyped evoked processes 

that we are studying here, already focusing on very stereotyped emotions.  

It is essential to understand that the beginning of the movies, and actually the whole 

movies, were always prepared such that the content of the underlying picture, including its 

emotional significance, would be explicit from movie onset (e.g as described in the manuscript, 

if the basis image was a mutilated body, the movie would start and remain on the mutilated body 

in a way that would always make the content of the picture clear). In other words, by choice of 

the stimuli and design of the movies, the content of a given movie was always “self-similar” for 

its whole duration.  



Aware however that our stimuli constituted important modifications of the IAPS stimuli 

included in the study, we paid special attention to the validation of their emotional competence 

for the subjects of the experiment (see behavioral and psychophysiological results).  

 

 

EKG Processing  

 

To assess the emotional competence of our stimuli, we computed heart rate changes as a 

function of time and stimulus category. R-R intervals have an average duration of about 1 

second, but a subsecond resolution for heart rate modulation can be achieved with proper 

averaging techniques over multiple trials. Heart rate was extracted from the EKGs using an 

inhouse Matlab program. EKGs were corrected for linear trends. The square of the derivative of 

the signal was thresholded above two standard deviations in order to identify windows of 

occurrence of the R waves. The maxima of the detrended EKG within these windows were used 

to identify the peaks of the R waves. All the trials for all the subjects were visually checked for 

correct detection of the peaks. The inverse of the inter-peak intervals was computed and 

expressed in beat per minute (b.p.m) providing a measure of heart rate.  

We did not use standard interpolation techniques attributing heart rate values associated 

with a given R-R interval to every data point in the full interval (Bradley et al., 2001). These, 

although increasing statistical power, can artificially lead to retrospective attribution of 

modulatory effects induced by stimulus presentation, on heart rate measured at time points 

corresponding to the beginning of the interval, while in fact the triggering of the modulation 

takes place during its latest part. We thus associated the calculated heart rates with the time 



points corresponding to the second beat. Such an approach reduces drastically the statistical 

power of the analysis because not all trials will show beats at any given time instant. Thus, to 

limit this inevitable reduction of power, we averaged the local measures of heart rate through 

time bins of 500 ms, aligned with stimulus onset. Our approach is conservative as it guarantees 

that an actual peripheral effect, the occurrence of a beat with a modulated latency due to stimulus 

presentation, has indeed taken place within the time bin it is measured. Average values of heart 

rate in the two bins prior to stimulus presentation were subtracted from the post stimulus heart 

rate measures in order to obtain a measure of heart rate change (Bradley et al., 2001). This 

procedure focusing on heart rate temporal resolution was not specifically developed for the 

purpose of this DCM study, but for a study focusing on early heart rate responses, but it could 

still be used in this context to assess emotional competence of the stimuli.  

 

Summary Table of ROIs used in DCM 

 

ROI label Anatomical description Brodmann Areas  Basic Functional 

description 

V1-V2 Lingual gyrus and cuneus BA 17, 18 
Primary and secondary 

visual cortices (V1, V2) 

LOC Lateral occipital cortex BA 19, 37 lateral 
Visual association cortex, 

including V3, V3a, LO 

VOC Ventral occipital cortex BA 19-37 medial 
Visual association cortex, 

VP, V4, V8 

Fg Fusiform gyrus 
Included in BA 37, 

20   

Higher order visual 

association cortex 

IT Lateral temporal cortex BA 20, 21, 22 Higher order visual and 



multimodal association 

cortex 

Amg/TP 
“Amygdala” and Temporal 

pole  

“Amygdala” and BA 

38 

Emotion/Attention 

processing nuclei and 

Higher order limbic 

association cortex  

OFC Orbitofrontal cortex BA 11, 13, 47/12m Limbic appraisal zone 

Table 1. ROIs. 

 

Supplementary results 

 

 

Effects of Emotional Competence on the Cortical Response 

Supplementary Figure 1 presents SPMs presented as in a conjunction analysis, showing 

areas of overlap between significant pleasant minus neutral (P-N) and unpleasant minus neutral 

(U-N) effects, for the three delineated periods. During T1, early significant effects (100-170 ms) 

with greater activations for pleasant than for neutral stimuli (P-N) were found in the TP and 

OFC, as well as in inferotemporal and insular regions. These early effects were not significant 

with the contrast U-N. During T2 (200-350 ms), most of the cortices corresponding to the ventral 

visual stream, as well as the TP and OFC, showed sustained significant effects both for (P-N) 

and (U-N). Effects also appeared both for (P-N) and (U-N) in the dorsal cingulate. During T3, 

significant effects were observed in the OFC, VMPFC, dorsal and perigenual ACC, right SI and 

SII and left insula, both for (P-N) and (U-N). Effects only significant with (P-N) included the left 

dorsolateral prefrontal cortex and lateral and infero temporal cortices bilaterally. Overall, effects 



for (P-N) were generally bigger, more significant and spatially more extended than those for (U-

N), in agreement with the observation that the pleasant stimuli, had, on average, more emotional 

competence than the unpleasant ones.  

 

Alternative DCM model with modulation at the level of the feedback projections 

 
Current knowledge in neuropsychology emphasizes the role top-down connections for the 

contextual modulation of brain activity (Engel et al., 2001). Intuitively, it could appear 

immediate to translate this concept into a modulation of the effective connectivity of top-down 

connections in a DCM model. However, as we explain in the method section of the main article 

(p. 23), placing the modulation at the level of the input layer of the higher-order association 

regions (Amg/TP, OFC) better captures the type of mechanisms envisioned. Subsequently, 

modulation of the forward connections can lead to modulation of top-down effects via feedback 

connections. Distinguishing forward and backward modulation of effective connectivity has 

however been a recurrent concern in DCM studies (David et al., 2006; Garrido et al., (In Press)), 

and DCM is perfectly adapted to address this kind of question. In order to illustrate this issue, we 

have defined a supplementary model (Model 7), based on Model 4 (the retinotectal model), in 

which top-down connections from the AAS to the VVS were modulated instead of the forward 

connections.  

The group-level BIC obtained for this new model was 5750 (accuracy = 7850; complexity = 

2100). In other words, the evidence for this model was lower than that of the two-pathway 

models in which the input layer of the region of interest was modulated (see Figure 3 in the main 

article for the evidence of these models). The evidence of the new model was however higher 

than that of any of the Two-Step models.    



Thus according to the mean log-evidences of Models 4 versus 7, the modulation of the 

forward connections, which models the response of the emotion-related association regions to 

their inputs, leads to a dynamical behaviour which is, on average, more likely than that generated 

by a modulation of the backward connections.  

 

 

 

Supplementary figure and material legends 

 

Supplementary Figure 1. Statistical parametric maps. 

Statistical parametric maps (SPMs) showing the distribution of significant effects for both 

pleasant minus neutral (P-N) stimuli and unpleasant minus neutral (U-N) stimuli, for different 

views of the cortex and for the three time periods (T1: from 70 ms to 170 ms; T2: from 200 to 

350 ms; , T3: from 350 to 500 ms) distinguished based on the grand average cortical maps.  

 

Supplementary Movie - Grand-average cortical maps in response to pleasant stimuli 

Grand-average (n=15) of the normalized dipole strengths over the cortex in response to pleasant 

stimuli, during the first 500 ms of the brain response. The left and right lateral and mesial aspects 

of the brain are presented. The color code is in standard deviation (s.d.) in relation to prestimulus 

baseline ranging from 0 (grey) to 9 (dark red) (the scale is the same as that used in the figures). 

The data were thresholded above 3 s.d. in relation to baseline. (see text in the article) 
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