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Abstract: 

A tremendous amount of effort has been dedicated to unravel the functional neuroanatomy of 

the processing and regulation of emotion, resulting in a well-described picture of limbic, para-limbic and 

prefrontal regions involved. Studies applying functional magnetic resonance imaging (fMRI) often use the 

block-wise presentation of stimuli with affective content, and conventionally model brain activation as a 

function of stimulus or task duration. However, there is increasing evidence that regional brain 

responses may not always translate to task duration and rather show stimulus onset-related transient 

time courses. We assume that brain regions showing transient responses cannot be detected in block 

designs using a conventional fMRI analysis approach. At the same time, the probability of detecting 

these regions with conventional analyses may be increased when shorter stimulus timing or a more 

intense stimulation during a block is used.  

In a within-subject fMRI study, we presented aversive pictures to 20 healthy subjects and 

investigated the effect of experimental design (i.e. event-related and block design) on the detection of 

brain activation in limbic and para-limbic regions of interest of emotion processing. In addition to 

conventional modeling of sustained activation during blocks of stimulus presentation, we included a 

second response function into the general linear model (GLM), suited to detect transient time courses at 

block onset. In the conventional analysis, several regions like the amygdala, thalamus and periaqueductal 

grey were activated irrespective of design. However, we found a positive BOLD response in the anterior 

insula (AI) in event-related but not in block-design analyses. GLM analyses suggest that this difference 

may result from a transient response pattern which cannot be captured by the conventional fMRI 

analysis approach. Our results indicate that regions with a transient response profile like the AI can be 

missed in block designs if analyses do not account for transient responses. This may bias conclusions 

from empirical reports and meta-analyses towards an underestimation of these regions and their role in 



emotion and emotion regulation. The cognitive processes underlying differential time courses are 

discussed. 

Keywords: emotion, emotion regulation, amygdala, anterior insula, medial prefrontal cortex, 

onset transient, fMRI 

1. Introduction 

 

Our understanding of the neural correlates of emotional processing has largely benefitted from 

fMRI studies using standardized picture sets (Lang et al., 2008; Wessa et al., 2010) which are known to 

reliably elicit a range of emotions under experimental conditions. In the conventional fMRI analysis 

approach, blocks of picture presentation are modeled as epochs of continuous brain activation, and the 

resulting activations are thought to reflect the cognitive processes involved in the processing of the 

emotional stimulus (Britton et al., 2006; Hariri et al., 2002; Ochsner et al., 2004; Phan et al., 2005; Stark 

et al., 2004). Implicitly, block designs conceptualize cognitive processes in response to a task as 

monotonous and stable over time. In contrast, event-related designs use a sparse presentation of stimuli 

and treat each stimulus presentation as a discrete event, modeled with a transient stimulus function 

approximated by the hemodynamic response function (HRF) (Dale, 1999). Thus, both conventional block- 

and event-related analyses of brain activation assume that underlying cognitive processes start with the 

onset of a task and develop as a function of stimulus duration, i.e. they equate stimulation, brain 

activation and cognitive processes. In the following, we refer to this approach as the ‘task-fixated’ 

analysis approach.  

In contrast, there is increasing evidence for temporal dynamics in regional responses which do 

not correspond well to the timing parameters of the affective stimulus (Fox et al., 2005a; Goldin et al., 

2008; Haas et al., 2009; Kalisch et al., 2006; Kalisch, 2009; Paret et al., 2011; Somerville et al., 2013). 

Recent reports have illustrated how the use of an informed basis set (Harms and Melcher, 2003; Uludağ, 



2008) or model-free fMRI analyses (Cauda et al., 2013; Gonzalez-Castillo et al., 2012) can dramatically 

increase information on functional localization in the brain. Haas, Constable, and Canli (2009) suggested 

that transient responses or, more generally speaking neural responses deviating from sustained task-

related brain activation, may simply be overlooked in a task-fixated analysis of presentation blocks of 

emotional faces. Although there are investigations underscoring regional transients in response to blocks 

of pictures with emotional scenes (Fox et al., 2005a; Somerville et al., 2013), most studies perform a 

task-fixated analysis and put less interest in transient responses related to the onset of the stimulus.  

Hence, the major goal of the study presented here was to systematically assess transient and 

sustained activation patterns in blocks with a prolonged picture presentation (‘single-picture block’, SPB) 

in regions of interest (ROI) involved in the processing of the affective stimulus. Better knowledge of 

region-specific onset transients could provide useful information for hypothesis-building, while at the 

same time enabling the experimenter to choose a more appropriate regressor set for analysis. Moreover, 

understanding regional differences in the temporal evolution of brain activation could offer an overview 

of regions that can be modulated by emotion regulation on different time scales. For example, one 

would detect the modulation by emotion regulation of a region showing a transient time course during 

blocks which would likely be missed by the task-fixated analysis approach. 

Approaching this issue from the other end, adapting the experimental design to an expected 

regional time course could help to define the optimal stimulation design if specific ROIs are in the focus 

of a study. To our knowledge, it has not been investigated systematically how the design of an aversive 

picture viewing task relates to the detection of brain regions in the task-fixated analysis approach. This is 

of particular relevance for studies of emotion regulation which usually present one picture with affective 

content over blocks of more than 10 seconds (see Kalisch (2009) for review). If the investigator wants to 

study a region which is known to follow a transient time course, it might be advantageous to choose an 

event-related (ER) design and to present the stimulus for a shorter time period. Alternatively, several 



picture presentation events could be included into the experimental block (‘multiple-picture block’, 

MPB) which may result in an additive blood oxygenation level dependent (BOLD) response and could be 

matched by modeling a sustained stimulus response function (Breiter et al., 1996; Price et al., 1999). 

However, since a MPB design can also lead to a habituation of the neural response (Breiter et al., 1996; 

Wright et al., 2001), a priori knowledge on the temporal dynamics of brain regions would be necessary to 

effectively design experiments. As a major aim, we report on brain activation evoked by the onset of an 

experimental block and sustained during a block of experimental stimuli. For reasons of conciseness, we 

abstain from the analysis of transients at block offset, which had been the object of previous work (Fox 

et al., 2005a; Konishi et al., 2001). 

Hence, we conducted a study including all of the aforementioned design options (SPB, MPB, ER) 

to further elucidate how they each influence the detection of brain regions in an aversive picture viewing 

task. In addition to modelling the task-related activation in block designs, we chose to assess transient 

brain responses at block onset. Given the large literature on transients in cognitive tasks (Dosenbach et 

al., 2006; Fox et al., 2005a, 2005b; Friston et al., 1995; Konishi et al., 2001; Somerville et al., 2013), it 

seems reasonable and most efficient to constrain the set of basis functions to the transient and 

sustained response profiles. The sustained profile shows an increase over 3 to 5 seconds and reaches a 

platform of constant activation, with a decrease following termination of the cognitive process, i.e. with 

stimulus offset. In the ER design, the transient response model is conceptually the same as the task-

fixated model, since the picture is presented only for a short period of time. This is different from the 

block designs, where the task-fixated response is modeled with a sustained response profile. 

We hypothesize that task-fixated modeling is suited to detect regions whose temporal dynamics 

correspond to the duration of stimulus presentation, whereas regions with a temporal profile not 

corresponding to the duration of stimulus presentation will not be detected by task-fixated modeling. 



We identified the amygdala and the insular cortex as ROIs for a detailed analysis. Both brain 

regions have been identified as core structures of emotion processing (Damasio et al., 2000; Kober et al., 

2008; Murphy et al., 2003; Phan et al., 2002) and have been found to be modulated by emotion 

regulation (Buhle et al., 2013; Goldin et al., 2008; Paret et al., 2011). Since many investigators use the 

amygdala and insula as a priori ROIs in their analysis, a characterization of the response patterns of these 

regions could be valuable for future research. In addition, we also report results from exploratory whole-

brain analyses, thus providing an overview of regions which can be detected by the task-fixated analysis 

approach and with sustained and transient modeling in the SPB, ER and MPB design, respectively. 

In order to test our hypotheses, we conducted a counterbalanced within-subject fMRI-study, we 

presented aversive and scrambled pictures to healthy subjects in three runs, each run corresponding to 

one of three designs (i.e., SPB, ER, MPB; see Figure 1). Images depicting aversive scenes are most widely 

used in emotion regulation paradigms and in the study of dysregulated affect in psychopathology. 

Therefore, as a trade-off between reasonable experiment duration and relevance for the field, we chose 

to only include pictures of negative affect and scrambled pictures without emotional content but 

identical image colors and intensities. Previous reports have shown that scenes rated neutral can still be 

of emotional valence for subjects (Niedtfeld et al., 2010). Taking neutral pictures as a control thus 

precluded any valence effects on stimulus appraisal in this condition. 

  



2. Methods and Materials 

2.1 Participants 

We tested 22 healthy female subjects. One subject had to be excluded because of excessive 

movements (translation > 3 mm) and another subject could not be included in the analysis due to an 

incidental finding. This resulted in N=20 subjects (age: 26.6±4.2; mean±std, range: 22 to 40) in the fMRI 

analysis. Participants reported no current and past DSM-IV Axis I syndrome or family history of 

neurological or psychiatric disorders, as confirmed by a structured clinical interview (First et al., 1997). 

All participants were of Caucasian origin and 85% (N=17) were students or had a higher educational 

level. Study procedures were confirmed by the Ethics Board of the Medical Faculty Mannheim of the 

University of Heidelberg and all subjects provided written informed consent before participation. 

Compensation for expenses was 24 Euro.  

2.2 Stimulus Material and Procedure 

Participants underwent three fMRI-runs comprising the presentation of aversive pictures and 

scrambled versions of the same pictures as a baseline (Figure 1). All pictures were taken from 

standardized picture series (Lang et al., 2008; Wessa et al., 2010), where stimuli had been rated by 

representative samples using the Self-Assessment Manikin (SAM) affective rating system on a 9-point 

scale. Stimuli where chosen to have high ratings of arousal (6.68±0.70, mean±std) and low ratings of 

pleasure (1.89±0.41, mean±std) referring to a high level of negative valence, respectively, and depicted 

scenes such as accidents, suffering people, or war. Each picture was presented only once to each 

participant during the whole experiment. Each scanning run used a different mode of stimulus 

presentation, subsequently referred to as different experimental ‘designs’. Specifically, we employed an 

SPB design (218 scans), an ER design (373 scans), and an MPB design (218 scans). In ER, 36 stimuli were 

presented for 2 s each with an adjacent inter-trial interval (ITI) of 20±1 s to allow partial recovery of the 

BOLD signal. During the ITI, participants viewed a white fixation cross on a black background. SPB and 

MPB used a trial duration of 18 s and an ITI of 12±3 s (Figure 1). In SPB, one stimulus was presented for 



the whole 18 s, whereas in MPB, three stimuli were presented consecutively for 6 s each, resulting in a 

set of 14 pictures in the former and 42 in the latter design. The ITI was jittered within the given range to 

ensure reduced predictability of picture onset and optimized sampling of the BOLD signal (Price et al., 

1999). Picture assignment to design-type as well as design-type order were counterbalanced and 

randomized between subjects, as was trial order with the restriction of ≤ 2 consecutive stimuli of the 

same valence. A difference in affective intensity between design-types was prevented by matching the 

mean normative valence and arousal ratings of stimuli in the different runs. 

 

Figure 1. (single-column fitting image) Experimental design of the three runs. Examples are shown for 
pictures from the aversive condition and their ‘scrambled’ counterparts (neutral condition). ER=event-
related, SPB=single-picture block, MPB=multiple-picture block, s=seconds. 

 

2.3 Scanning procedure 

Before the first run, subjects were instructed to look directly at the pictures during the entire 

duration of presentation and not to distract themselves by thinking about other things. Each run started 

with a written instruction (6 s) introducing the upcoming design-type in German (e.g., for SPB: ‘Now you 

will see 14 pictures for 18 s each’). After every run, subjects were asked to rate their current level of 

aversive tension. Stimuli were presented using Presentation software (Neurobehavioral Systems, Inc, 

Berkeley, USA) via a 40” monitor located in the back of the scanner which was visible for subjects 

through a mirror placed on top of the head coil. After completion of the experiment, subjects were asked 

to rate the negative stimuli with regard to valence and arousal outside the MRI suite. 

2.4 Data Acquisition and Preprocessing 

FMRI data were acquired on a 3 Tesla MRI Scanner (Magnetom Trio with TIM technology, 

Siemens Medical Service, Erlangen, Germany) equipped with a 32 channel head coil. Functional images 

of the BOLD contrast were acquired with gradient echo T2* weighted echo-planar-imaging sequence 



(TE=30 ms, TR=2 s, FOV=220 mm x 220 mm, Matrix size=64 x 64, flip angle=80°). A volume comprised 36 

slices in AC-PC orientation with a thickness of 3 mm and slice gap of 1 mm. Participants’ heads were 

lightly restrained using soft pads to prevent head movement. A T1-weighted anatomical image was also 

recorded (TE=3.03 ms, TR=2.3 s, 192 slices and FOV=256 mm x 256 mm, Matrix size 256 x 256, Slice 

thickness = 1 mm). FMRI data were analyzed with SPM8 (Wellcome Department of Cognitive Neurology, 

London, UK). FMRI data were analyzed with SPM8 (Wellcome Department of Cognitive Neurology, 

London, UK). Before preprocessing of functional data, 5 initial volumes were discarded to avoid T1 

effects. A slice timing correction of the functional scans was performed with reference to the 18th slice 

to correct for differences in acquisition time between slices. Realignment of functional images to the 

mean functional image was performed using a rigid body transformation, and images were resliced. The 

required transformation matrix for the alignment of functional and anatomical (T1) images was 

estimated via the SPM8 coregister module. The T1 image was segmented into gray and white matter 

using the ICBM template (Montreal Neurological Institute (MNI) system) for the normalization. The 

received normalization parameters were used to transform the functional images into MNI space. 

Normalized functional images were finally smoothed with a kernel of 6 mm (FWHM). 

 

2.5 Statistical analysis 

On the single-subject-level, we performed a separate General Linear Model (GLM) analysis for 

each run, resulting in one model for each design, i.e., ER, SPB, and MPB. In each analysis, 3 conditions 

were modeled: the ‘aversive’ (AV) as well as the ‘scrambled’ (neutral condition; NE) picture viewing, and 

the instruction (duration=6 s) at the beginning of the trial. The ITI period served as an implicit baseline.  A 

high-pass filter (128 s) was added to the GLM to remove slow signal drifts and serial correlations were 

accounted for using an auto-regressive (AR(1)) model.  



For each design, we modeled two types of brain responses to AV and NE, respectively: a 

sustained and a transient response. The sustained response to a stimulus was modeled by a box-car 

regressor function, starting with stimulus onset and terminating after an 18 s time interval. The transient 

regressor was implemented by a stick-function at stimulus onset. Additionally, we conducted a post-hoc 

supplementary analysis of insula activations in the MPB design, where we applied a transient response 

function for every picture onset within the experimental blocks. This analysis had not been planned a-

priori and was included to further delineate insula activations in light of negative findings with sustained 

modeling (see discussion for more information). 

All regressors were convolved with the HRF implemented in SPM8. Parameter estimates from 

the contrast of interest (AV>NE) were entered into group-level T-tests.  

To test our hypotheses on a priori anatomical ROIs, masks of the bilateral amygdala and insula 

were built from the automated anatomic labeling atlas (AAL) (Tzourio-Mazoyer et al., 2002) and the 

Talairach Daemon (Lancaster et al., 2000), implemented in SPM by the Wake Forest University (WFU) 

PickAtlas toolbox (Maldjian et al., 2003) (size of ROIs: left amygdala: 71 voxels, right amygdala: 73 voxels, 

left insula: 530 voxels, right insula: 526 voxels). We applied a family-wise error correction for multiple 

comparisons (small volume correction, SVC) and report voxels exceeding the p<0.05 threshold. 

Maximum peaks (MNI coordinates) within the masks are reported in the text, when analyses yielded 

significant results and are complemented with the number of voxels in the cluster (k). Single-subject 

BOLD signal time courses were extracted from voxels within a sphere with a radius of 6 mm around the 

peak voxel  using the rfxplot toolbox for SPM (Gläscher, 2009).  

For exploratory whole-brain analyses, the voxel peak threshold was fixed at p<0.001, and the 

minimum cluster size was estimated to set the cluster threshold at p<0.05, using Monte-Carlo 

simulations by 3dClustSim implemented in AFNI (Cox, 1996) (SPB sustained: k>41, transient: k>34, ER 

sustained: k>47, transient: k>40, MPB sustained: k>43, transient: k>42). Spatial smoothness for the 



Monte-Carlo simulations was estimated using the smoothing kernel of the residual errors of the group 

level analysis. 

  



3. Results 

An overview of the findings of activations in a-priori regions of interest (i.e., amygdala and 

anterior insula) from the task-fixated analysis can be obtained from Table 1. 

3.1 Single picture block 

3.1.1 Sustained response function 

Using the task-fixated analysis approach, the ROI analysis showed sustained brain activation in 

bilateral amygdala (right peak at [24,-4,-17], T(19)=5.01, k=36; left peak at [-21,-4,-14], T(19)=5.80, k=40) 

(Figure 2) and right middle ventral insular cortex ([30,17,-20], T(19)=4.472, k=1), while there were no 

suprathreshold voxel activations in the AI.  

An inspection of the whole brain results showed an activation cluster spanning the occipital 

cortex, fusiform gyrus (FFG), hippocampus, and midbrain including periaqueductal grey (PAG). An 

additional cluster was found in thalamus (Figure 4, Table 2).  

3.1.2 Transient response function 

The ROI analysis of transient activation aroused by the SPB brought up one cluster in the left 

amygdala (peaks at [-30,-1,-17], T(19)=5.06, k=13). Differently from sustained modeling, no significant 

voxels were found in the right amygdala ROI. On the other hand, modeling transient activation revealed 

an activation peak in right ([33,26,-2], T(19)=5.74, k=6) (Figure 3) and left AI ([-33,23,1], T=4.60, k=3) 

which was not detected in the analysis using the sustained regressor. 

On the whole-brain level, significant clusters of transient activation were identified in thalamic 

and midbrain regions, parietal and temporal cortices, visual processing areas, as well as medial and 

dorsolateral PFC (Figure 5, Table 2). 

3.2 Event-related design 

The ROI analysis revealed transient activation in both amygdalae (right peak at [27,-1,-20], 

T(19)=8.90, k=56 voxels in cluster; left peak at [-30,2,-17], T(19)=8.70, k=57) and in AI (right peak at 



[36,29,-2], T(19)=7.25, k=34, left: [-30,23,7], T(19)=5.30, k=10) extending to the ventral insular cortex 

(right peak at [30,14,-20], T(19)=7.08, k=15; left: [-27,8,17], T(19)=6.45, k=11). 

In the whole-brain analysis, a cluster was found extending from right AI/ frontal operculum to 

dorsolateral PFC, and additionally in ventral, dorsal and posterior medial PFC. We observed the PAG 

activated together with thalamus and hippocampus. The ER design also produced a large cluster 

spanning primary and secondary visual processing areas of the occipital lobe and FFG (Figure 4, Figure 5, 

Table 3).  

3.3 Multiple picture block 

3.3.1 Sustained response function 

Amygdala activation peak T-values and clusters of the ROI analysis were somewhat larger 

compared to the SPB analysis, while no activation was found in the AI (right amygdala: [24,-7,-11], 

T(19)=14.52, k=63, left amygdala [-24,-4,-14], T(19)=12.12, k=48).  

Whole-brain activations were observed in lateral and medial occipital cortex, FFG and midbrain 

including PAG (Figure 4, Table 4). 

3.3.2 Transient response function 

Tested for transient activation, no voxels exceeding the significance threshold were detected in 

neither of the ROIs.  

In the whole-brain analysis, activation clusters were discovered in bilateral occipital, right FFG 

and right parietal cortex (Figure 5, Table 4). 

3.3.3 Supplementary analysis: transients at picture onset in the insula ROI 

A significantly activated cluster was found in the right AI ([36,26,1], T(19)=4.87, k=3) 

(Supplementary Figure 1). No activations were found in the ROI analysis of the left AI.  

Table 1. (one column fitting table) Regional activation detected by task-fixated modeling in a-priori 
regions of interest. 



Detection of 
activation by  

Amygdala Anterior Insula 

task-fixated 
modeling 

  

SPB Yes (B) no 

ER Yes (B) Yes (B) 

MPB Yes (B) no 

Sustained 
model 

  

SPB Yes (B) No 

MPB Yes (B) No 

Onset transient 
model  

  

SPB Yes (L) Yes (B) 

ER Yes (B) Yes (B) 

MPB No No 

P <0.05, SVC. B=bilateral, L=left. SPB=single-picture block, ER=event-related, MPB=multiple-picture block 

 

Figure 2. (two column fitting image) Bilateral amygdala activation from the single picture block (SPB) 
analysis with the sustained regressor in the AV>NE contrast (p<0.05 SVC) at Y=-4 (MNI coordinates). 
Activation is displayed on an anatomical standard brain template. The BOLD signal time course of the 
amygdala is shown for group-level mean responses to aversive picture stimuli for all three designs 
(ER=event-related, MPB=multiple picture block). Error bars depict the standard error of mean. L=left, 
R=right. 



 

Figure 3. (two column fitting image) Right anterior insula (AI) is activated in the single picture block 
design (SPB) when modeling transient brain activation in the AV>NE contrast (peak at [33,29,-2], p<0.05 
SVC). Activation is displayed on an anatomical standard brain template.  The BOLD signal time course of 
AI at [36,29,-2] is shown for group-level mean responses to aversive picture stimuli for all three designs 
(ER=event-related, MPB=multiple picture block). Error bars depict the standard error of mean. 
A=anterior, P=posterior. 

 

 



Figure 4. (two column fitting image) Conventional fMRI analysis approach using task-fixated modeling. 
Each row shows binary maps of brain activation of two of the experimental designs superimposed on 
axial, transversal and sagittal brain slices (left to right) of a standard brain template. Coordinates are 
given in the MNI coordinate system. Minimum cluster size k of whole-brain activation maps was adjusted 
by Monte Carlo simulations to result in a cluster p-value of p<0.05 at a voxel intensity of p<0.001 (SPB: 
k>47, ER: k>42, MPB: k>45). Differential (colors: green, red, blue) and common (brown, grey, purple) 
activation clusters are marked by separate colors. ER=event-related, SPB=single picture block, 
MPB=multiple picture block, AI=anterior insula, FO=frontal operculum, dmPFC=dorsomedial prefrontal 
cortex, PAG=periaqueductal grey, L=left, R=right, P=posterior, A=anterior. 

 

 

Figure 5. (two column fitting image) Transient brain activation. Each row shows binary maps of brain 
activation of two of the experimental designs superimposed on axial, transversal and sagittal brain slices 
(left to right) of a standard brain template from analysis with the transient response function. 
Coordinates are given in the MNI coordinate system. Minimum cluster size k of whole-brain activation 
maps was adjusted by Monte Carlo simulations to result in a cluster p-value of p<0.05 at a voxel intensity 
of p<0.001 (SPB: k>37, ER: k>42, MPB: k>43). Differential (colors: green, red, blue) and common (brown, 
grey, purple) activation clusters are marked by separate colors. ER=event-related, SPB=single picture 
block, MPB=multiple picture block, AI=anterior insula, dmPFC=dorsomedial prefrontal cortex, 
PAG=periaqueductal grey, L=left, R=right, P=posterior, A=anterior. 



 

 

Supplementary Figure 1. (Two-column fitting image). Results from the post-hoc supplementary analysis 
of the multiple-picture block design. Brain activation was modeled with a transient response function at 
the onset of each picture of the experimental block and is displayed on a standard template. From left to 
right: sagittal, transversal and coronal view. Brain maps were thresholded with p<0.001 at voxel-level 
and p<0.05 (k>38) at cluster-level for visualization purposes. Crosshairs indicate peak voxel of the ROI 
analysis in the right anterior insula (p<0.05, SVC). X, y and z are MNI coordinates. P=posterior, 
A=anterior, L=left, R=right. 

Table 2. Single picture block design: Whole-brain results for the T-contrast AV>NE. 

sustained
a
 brain region hemisphere k 

T-
score MNI

c
 (x, y, z) 

 
fusiform gyrus right 7371 15.02 39 -43 -20 

 
middle occipital gyrus left 

 
13.99 -33 -85 -14 

 
middle occipital gyrus left 

 
13.27 -42 -79 -11 

 
hippocampus right 

 
8.23 33 -25 -8 

 
hippocampus left 

 
3.98 -33 -25 -11 

 
amygdala left 

 
5.80 -21 -4 -14 

 
cerebellum left 

 
5.67 -21 -76 -41 

 
amygdala right 

 
5.01 24 -4 -17 

 
cerebellum right 

 
4.89 15 -70 -35 

 
brainstem/midbrain/PAG

d
 right 

 
4.86 6 -28 -5 

 
brainstem/midbrain/PAG

d
 left 

 
5.32 -6 -28 -5 

 
insula right 

 
4.47 30 17 -20 

 
thalamus right 

 
4.37 3 -13 7 

 
thalamus left 

 
6.63 -9 -25 -2 

 
superior parietal lobule right 45 5.00 21 -64 61 

transient
b
 brain region hemisphere k 

T-
score MNI

c
 (x, y, z) 

 
middle temporal gyrus left 2112  13.72 -51 -64   7  

 
parahippocampal gyrus left 

 
 12.14 -27 -49 -11 

 
middle occipital gyrus left 

 
 11.02 -42 -76   1  

 
fusiform gyrus left 

 
9.72 -39 -52 -17 

 
brainstem/midbrain/PAG

d
 left 2287  11.76 -6 -28  -5  

 
parahippocampal gyrus right 

 
 11.65  27 -46  -8  

 
middle temporal gyrus right 

 
 10.90  48 -67   1  

 
fusiform gyrus right 

 
8.17 33 -58 -11 

 
brainstem/midbrain/PAG

d
 right 

 
6.93 9 -31 -2 



 
thalamus left 

 
6.43 -3 -13 1 

 
precuneus right 162 7.92  30 -52  52  

 
superior parietal lobule right 

 
6.79  27 -58  58  

 
precuneus left 193 7.90 -27 -55  52  

 
inferior parietal lobule left 56 7.80 -66 -31  31  

 
middle temporal gyrus right 65 6.59  51  -7 -14  

 
inferior temporal gyrus right 

 
4.62  63  -4 -20  

 
anterior insula right 41 5.74  33  26  -2  

 
precentral gyrus right 174 5.74  48   2  31  

 
middle frontal gyrus right 

 
5.32  30  -4  52  

 
medial frontal gyrus right 49 5.70   6  14  52  

 
midcingulate gyrus right 

 
4.25   6  17  43  

 
superior temporal gyrus left 87 5.35 -36 -4 -14 

 
amygdala left 

 
5.06 -30 -1 -17 

      

      a
 voxel-threshold (peak) p<0.001, cluster-threshold p<0.05  

 b
 voxel-threshold (peak) p<0.001, cluster-threshold p<0.05 

 
c
 MNI = Montreal Neurological Institute 

coordinates 

    d
 PAG = periaqueductal grey 

     

Table 3. Event-related design: Whole-brain results for the T-contrast AV>NE.  



transient
b
 brain region hemisphere k 

T-
score MNI

e
 (x, y, z) 

 
middle occipital gyrus right 9187 14.53  45  -79   4  

 
fusiform gyrus left 

 
14.32 -36  -46 -20  

 
fusiform gyrus right 

 
13.43  36  -43 -17  

 
middle temporal gyrus right 

 
12.32 51 -67 16 

 
middle occipital gyrus left 

 
11.80 -39 -88 -5 

 
inferior frontal gyrus right 

 
10.98 36 14 -20 

 
superior temporal gyrus right 

 
10.84 48 -58 13 

 
inferior occipital gyrus right 

 
10.63 42 -88 -11 

 
parahippocampal gyrus right 

 
8.95 27 -37 -11 

 
amygdala right 

 
8.90 27 -1 -20 

 
brainstem/midbrain/PAG

d
 right 

 
8.74 9 -28 -5 

 
thalamus right 

 
8.09 6 -13 4 

 
amygdala left 

 
8.70 -30 2 -17 

 
anterior insula/frontal operculum right 

 
7.25 36 29 -2 

 
brainstem/midbrain/PAG

d
 left 

 
6.91 -9 -28 -2 

 
ventral insular cortex right 

 
7.08 30 14 -20 

 
hippocampus right 

 
5.47 30 -19 -14 

 
thalamus left 

 
5.25 -6 -16 1 

 
hippocampus left 

 
4.24 -30 -19 -14 

 
ventral insular cortex left 

 
3.87 -30 11 -17 

 
superior parietal lobule left 93 7.67 -27  -55  52  

 
cerebellum 

 
245 7.63   0  -55 -38  

 
inferior parietal lobule right 156 6.90  33  -49  52  

 
superior parietal lobule right 

 
6.28  27  -61  61  

 
middle temporal gyrus right 108 6.78  51  -10 -17  

 
ventromedial frontal gyrus left 81 6.28  -3   53 -14  

 
dorsomedial frontal gyrus/dACC

c
 right 127 5.77   9   17  43  

 
inferior frontal gyrus left 53 5.40 -36   29   1  

 
anterior insula left 

 
5.30 -30 23 7 

 
middle frontal gyrus right 67 5.29  42    2  58  

 
middle temporal gyrus left 46 5.00 -54   -7 -14  

 
precuneus left 41 4.99  -3  -49  52  

 

inferior frontal gyrus/precentral 
gyrus right 55 4.98  48    5  34  

      a
 voxel-threshold (peak) p<0.001, cluster-threshold p<0.05  

b
 voxel-threshold (peak) p<0.001, cluster-threshold p<0.05 

c
 dACC = dorsal anterior cingulate cortex 

    d
 PAG = periaqueductal grey 

    
e
 MNI = Montreal Neurological Institute 

coordinates 
     

Table 4. Multiple picture block design: Whole-brain results for the T-contrast AV>NE. 

sustained
a
 brain region hemisphere k 

T-
score MNI

c
 (x, y, z) 

 
fusiform gyrus right 10691 17.98  39  -43 -20  

 
middle occipital gyrus left 

 
16.28 -45 -76 -8 

 
middle occipital gyrus right 

 
15.84  45  -82   4  



 
inferior temporal gyrus right 

 
14.90 54 -73 3 

 
amygdala left 

 
12.12 -24 -4 -14 

 
amygdala right 

 
14.52 24 -7 -11 

 
thalamus left 

 
9.99 -15  -34   1  

 
brainstem/midbrain/PAG

d
 right 

 
9.82 6 -31 -8 

 
parahippocampal gyrus left 

 
9.39 -33 -34 -17 

 
fusiform gyrus left 

 
9.19 -33 -40 -17 

 
cerebellum left 

 
9.11 -12 -76 -38 

 
parahippocampal gyrus right 

 
8.82  24  -34 -14  

 
brainstem/midbrain/PAG

d
 left 

 
8.24 -9 -28 -5 

 
hippocampus right 

 
7.13 33 -25 -11 

 
hippocampus left 

 
5.64 -33 -25 -11 

 
medial frontal gyrus left 72 5.89 -3 53 -17 

 
superior parietal lobule right 118 5.77  21  -61  58  

 
precuneus right 

 
4.79   9  -52  55  

 
superior parietal lobule left 45 5.45 -24  -52  58  

 
precuneus left 

 
4.60 -21  -58  52  

 
inferior frontal gyrus right 91 4.79  54   32   7  

 
middle frontal gyrus right 

 
4.23 57 29 22 

      
transient

b
 brain region hemisphere k 

T-
score MNI

c
 (x, y, z) 

 
inferior temporal gyrus right 391   6.29  45 -73  -2  

 
middle occipital gyrus right 

 
  5.10  33 -73  28  

 
middle temporal gyrus right 

 
  5.06  48 -67  10  

 
superior temporal gyrus left 470   5.76 -48 -64  16  

 
inferior occipital gyrus left 

 
  5.53 -39 -73  -8  

 
fusiform gyrus right 69   5.22  39 -43 -20  

 
parahippocampal gyrus right 

 
  4.34  27 -37 -14  

 
superior parietal cortex/precuneus right 53   4.54  27 -52  52  

      a
 voxel-threshold (peak) p<0.001, cluster-threshold p<0.05  

 b
 voxel-threshold (peak) p<0.001, cluster-threshold p<0.05 

 
c
 MNI = Montreal Neurological Institute 

coordinates 
    d

 PAG = periaqueductal grey 
      



4. Discussion 

To our knowledge, this is the first fMRI investigation to compare different experimental designs 

in a within-subject empirical study with aversive picture stimulation. Specifically, we illustrate how the 

choice of experimental design (event-related versus blocked) as well as response model (sustained 

versus transient) can affect the detection of activation in the amygdala, anterior insula (AI), and other 

brain regions implicated in the processing of emotional stimuli.  

With regard to the AI, modeling both sustained as well as transient responses proved particularly 

valuable as AI activation would have gone undetected in the single picture block (SPB) design if we had 

limited the analysis to the task-fixated approach. In other words, the AI showed a transient time course 

in the SPB design, while conventional modeling of sustained activation did not reveal significant results 

for the anterior insular cortices (see Figure 3). Further, transient AI activation in the SPB design was only 

detected in the right hemisphere. This is not in line with a recent review on lateralization of affective 

processing in the insula, where no preference of laterality in the processing of negative stimuli or female 

samples had been found (Duerden et al., 2013). The laterality difference should be interpreted with 

caution, since the right-to-left phase encoding in the scanning sequence used in this study may also have 

influenced results of hemispheric differences (Mathiak et al., 2012). In terms of the multiple picture 

block (MPB) design, modeling brain activation either with the sustained or transient regressor did not 

yield any significant results for the AI, proving our MPB design inefficient for AI detection. In contrast, 

conventional modeling of the ER design revealed significant effects for the AI, suggesting an ER protocol 

to be a reasonable option for AI detection.  

Notably, yet with the exception of the MPB, the AI showed transient responses in the AV>NE 

contrast to the onset of an experimental block, which is in line with the role of the insula in salience 

detection (Menon and Uddin, 2010; Wiech et al., 2010) and the hypothesized function of the insula to 

convey a cognitive representation of fear to the amygdala (Phelps et al., 2001). Together with the AI, the 



frontal operculum has been discussed to be part of an attention network supporting executive control 

(Dosenbach et al., 2008). Given the aforementioned implication of AI in salience detection, it could be 

hypothesized that the repeated presentation of pictures with new emotional information during the 

MPB would establish a steady state of the BOLD signal rather than generating a transient response at the 

onset of the first stimulus. In the GLM analysis of the MPB design, however, we did not detect sustained 

brain activation in AI. To further elaborate on this unexpected finding, we conducted a supplementary 

post-hoc analysis. We modeled a series of transients during the MPB, each related to the onset of a 

single picture stimulus. Thus, the regressor for each block consisted of three overlapping transients: one 

at block onset, another 6 s and a third 12 s from block onset. Rather than modeling sustained activation 

by picture repetition, this analysis should be sensitive to detect regions responding with an HRF-shape to 

every new picture. With this model, we found a right AI cluster exceeding the significance threshold 

(Supplementary Figure 1). This finding is in line with the results of the ER and the SPB design and 

underscores the characteristic of the AI to show transient responses in aversive picture viewing. We 

would like to emphasize that the negative finding of AI activation with sustained modeling may relate to 

the specific timing parameters we had chosen for the presentation duration of the stimuli. Shortening 

the stimulus duration, for example, may produce a larger overlap of the transients and prevent 

fluctuations of the BOLD signal, which would result in a response matching a sustained response 

function. Based on a phenomenological comparison of designs, the researcher interested in AI activation 

may be best advised to choose an event-related rather than a block design (see Figure 4 A and C), or to 

include a basis function matching the hypothesized BOLD signal time course into the basis set.  

Unlike BOLD signal time courses of the AI, the temporal dynamics of amygdala activation largely 

paralleled the timing of picture presentation (see Figure 2). Specifically, in the SPB design, amygdala 

activation followed a sustained time course and could be detected by the conventional analysis (see 

Figure 2). Choosing the MPB design, conventional modeling still yielded sustained bilateral amygdala 

activation, notably with higher t-scores and larger clusters compared to the SPB design. In terms of the 



ER design analysis, we detected both sustained as well as transient amygdala activation, with larger 

clusters resulting from the conventional (i.e., transient) modeling. For the investigation of amygdala, it 

seems preferable to use an experimental design with intense stimulation, such as a MPB design, to yield 

the most robust activation. 

Overall, these ROI findings are in line with our hypothesis that task-fixated modeling is suited to 

detect regions whose temporal dynamics correspond to the duration of stimulus presentation, which 

applied to amygdala activation in the SPB, ER and MPB designs as well as AI activation in the ER design. 

The inability of the task-fixated analysis to reveal significant AI activation in the two block designs further 

supports the second part of our hypothesis that regions with a temporal profile not corresponding to the 

duration of stimulus presentation will not be detected by task-fixated modeling. 

For reasons of conciseness, this report only investigated transients at block onset. Transients at 

block offset have been reported elsewhere (Fox et al., 2005a; Konishi et al., 2001), and ROI activations 

may differ when modeling transients at block transitions.  

On the whole-brain level, our results also demonstrate that a task-fixated analysis yields a 

different set of activated brain regions for the SPB, ER and MPB designs: while some regions were 

congruent, others were selectively activated in one but not the other design (see Figure 4). For instance, 

the amygdala, PAG and thalamus belong to a circuitry activated in all three experimental designs and 

have been denoted as a core network of emotion processing (Kober et al., 2008; Lindquist et al., 2012). 

In the SPB we found sustained as well as transient activation in different parts of these regions, 

implicating a functional segregation of these structures into areas operating at different timescales. 

Activation clusters differed in size and location between the designs: while the ER design revealed 

activation in a large cluster covering anterior and posterior parts of thalamus, and the SPB design 

showed activation in anterior thalamus overlapping with that during ER, the MPB design activated only 

small parts of posterior thalamus. We also found transient activation of dorsomedial PFC in ER and SPB. 



There has been support for the involvement of dorsal ACC/medial PFC in the context of appraisal and the 

expression of fear (Etkin et al., 2011; Maier et al., 2012; Mechias et al., 2010). Hence, the observed 

activation in this brain region might reflect an appraisal of the aversive picture content at the onset of a 

new picture. In addition to the aforementioned findings, we observed activation in the hippocampus and 

the FFG in all designs. Specifically, we found activation in posterior and anterior hippocampal regions, 

suggesting an involvement of these structures in picture processing. For instance, the hippocampus may 

be implicated in the establishment of a fearful context provided by aversive picture stimulation 

(Marschner et al., 2008). This interpretation would also be in line with the proposed involvement of the 

anterior hippocampus in emotion and motivation (Fanselow and Dong, 2010). Regarding the FFG, fMRI 

studies investigating the processing of facial stimuli showed a preferential response in this region to face 

versus house stimuli and a modulation of this response by emotion and attention (Vuilleumier et al., 

2001). Because we used predominantly social stimuli in the aversive condition, the FFG may be engaged 

in the calculation of emotional value of the faces of human beings in our stimulus set (Petrovic et al., 

2008).  

The evidence presented here provides an important background to better understand results of 

studies investigating the neural basis of emotion regulation. Most fMRI studies on cognitive emotion 

regulation focus on cognitive reappraisal and instruct participants to re-evaluate the emotional content 

of visually presented pictures. A recent meta-analysis found a modulation by cognitive reappraisal only 

for the amygdala but not for any other region (Buhle et al., 2013). Most of the studies included in this 

meta-analysis do not modulate emotional information during the reappraisal episode and used picture 

presentation durations of 10 seconds or more (Eippert et al., 2007; Schulze et al., 2011). However, some 

studies using deviant stimulation protocols like film clips (Goldin et al., 2008), changing pictures (Firk et 

al., 2013) or considerably shorter picture presentation durations (Vrtička et al., 2011), reported a 

decrease in AI activation by emotion regulation. In a recent investigation, Paret et al. (2011) also showed 

a modulation of right AI when investigating decreasing brain activation during reappraisal. Our results 



underscore that the particular design of an experimental block could have an unintended effect on the 

regions found to be modulated by emotion regulation in data analysis.  

Taken together, our results underscore the importance of considering regional differences in 

temporal dynamics in the design and evaluation of studies involving affective picture stimulation. While 

task instructions were the same for all designs, the experimental paradigms obtained different sets of 

detected neural regions. These findings may benefit researchers considering a block design rather than 

an event-related design, e.g., to increase the statistical power of their neuroimaging study. It may be 

recommended that the temporal profiles of the regions of interest should be accounted for as well. A 

second important implication of our results pertains to the aggregation of empirical evidence in meta-

analyses. That is, inconsistencies of empirical reports could derive from different designs or basis 

functions employed by the investigators. The consideration of temporal dynamics, on the other hand, 

may yield a more fine grained understanding of the neuroanatomy of the cognitive process under study. 

5. Limitations 

First, it is beyond the scope of this report to discuss results from sustained neural responses to 

aversive pictures in the ER design. While it is conceivable that there are brain regions activating longer 

than the picture presentation period (Garrett and Maddock, 2001), we did not have an a priori 

hypothesis on the duration of such activations. Approaches without assumptions on a specific waveform 

of regional responses (e.g. (Fox et al., 2005a)) would be better suited to tackle this question than our 

model.  

Second, because our designs were not specifically matched for power, detection of an activated 

ROI in one but not the other design could actually be related to power issues (Josephs and Henson, 

1999). Thus, although a region could be implicated in a specific design, its activation may not have 

passed the significance threshold. Since this is a problem of magnitude and variance in the parameter 

estimate, the issue of power does not influence the significance of our results in respect to regions 



showing differential time courses in different designs. We further denote that a quantitative comparison 

of SPB, ER and MPB designs seems invalid and was not intended here, since different picture 

presentation models may have considerable influence on the cognitive processes involved. Without 

compelling a-priori hypotheses, inferences from regions differing significantly between designs are 

rather difficult to draw, but may be the focus of future studies. 

Third, during data acquisition, we did not acquire measures of compliance inside the scanner 

(e.g., eye-tracking or button presses). Decreased attention and noncompliance with the instructions may 

affect brain responses and thus influence the results of the group statistics. As discussed above, our 

results are largely consistent with the fMRI literature on emotion processing, and we find significant 

activations in areas implicated in visual attention like occipital cortex and FFG, suggesting that 

participants adhered to the task. While some subjects reported tiredness during the course of the 

experiment, the presentation of experimental designs in randomized order may have attenuated these 

effects in the group level results. Furthermore, all subjects reported to have complied with the 

instructions throughout the fMRI session when interviewed afterwards. 

Fourth, another limitation pertains to the selected stimulus material. Here, we used pictures 

with hedonic valence, which are widely used in studies of emotion. However, other studies of emotion 

used different types and modes of stimuli for emotion induction like facial stimuli or painful stimulation. 

Our pictures included images of desperate and wounded people, war sites and social threat, which may 

primarily elicit fear in subjects. Therefore, our results may not generalize to other emotions or other 

(non-visual) emotion induction methods.  

Fifth, we presented pictures without meaningful content as a control condition. Thus, the AV>NE 

contrast does not control for unspecific processes like orienting to a scene and evaluation of social 

content. Finally, given that each picture was only presented once during the whole experiment, effects 

of novelty cannot be disentangled from emotion. 



Finally, only female subjects have been tested. Results may not generalize to male subjects. 

6. Conclusion 

Our study demonstrates how the choice of experimental design and response model can 

influence the detection of brain regions implicated in aversive picture viewing. While the amygdala 

responds to aversive picture stimulation with sustained as well as transient BOLD signal time courses, the 

AI shows transient activations at stimulus onset. Hence, when task-fixated analyses are used in block 

designs, regions with a transient temporal profile can be overlooked. This may lead to the 

misinterpretation that these regions are not implicated in a task, thus causing inconsistencies in the 

neuroimaging literature of emotion.   

7. References 
Breiter, H. C., Etcoff, N. L., Whalen, P. J., Kennedy, W. A., Rauch, S. L., Buckner, R. L., Strauss, M. M., 

Hyman, S. E., and Rosen, B. R. (1996). Response and habituation of the human amygdala during 
visual processing of facial expression. Neuron 17, 875–887. 

Britton, J. C., Taylor, S. F., Sudheimer, K. D., and Liberzon, I. (2006). Facial expressions and complex IAPS 
pictures: common and differential networks. NeuroImage 31, 906–919. 
doi:10.1016/j.neuroimage.2005.12.050. 

Buhle, J. T., Silvers, J. A., Wager, T. D., Lopez, R., Onyemekwu, C., Kober, H., Weber, J., and Ochsner, K. N. 
(2013). Cognitive Reappraisal of Emotion: A Meta-Analysis of Human Neuroimaging Studies. 
Cereb. Cortex. doi:10.1093/cercor/bht154. 

Cauda, F., Costa, T., Diano, M., Sacco, K., Duca, S., Geminiani, G., and Torta, D. M. E. (2013). Massive 
Modulation of Brain Areas After Mechanical Pain Stimulation: A Time-Resolved fMRI Study. 
Cereb. Cortex N. Y. N 1991. doi:10.1093/cercor/bht153. 

Cox, R. W. (1996). AFNI: software for analysis and visualization of functional magnetic resonance 
neuroimages. Comput. Biomed. Res. Int. J. 29, 162–173. 

Dale, A. M. (1999). Optimal experimental design for event-related fMRI. Hum. Brain Mapp. 8, 109–114. 

Damasio, A. R., Grabowski, T. J., Bechara, A., Damasio, H., Ponto, L. L., Parvizi, J., and Hichwa, R. D. 
(2000). Subcortical and cortical brain activity during the feeling of self-generated emotions. Nat. 
Neurosci. 3, 1049–1056. doi:10.1038/79871. 

Dosenbach, N. U. F., Fair, D. A., Cohen, A. L., Schlaggar, B. L., and Petersen, S. E. (2008). A dual-networks 
architecture of top-down control. Trends Cogn. Sci. 12, 99–105. doi:10.1016/j.tics.2008.01.001. 



Dosenbach, N. U. F., Visscher, K. M., Palmer, E. D., Miezin, F. M., Wenger, K. K., Kang, H. C., Burgund, E. 
D., Grimes, A. L., Schlaggar, B. L., and Petersen, S. E. (2006). A core system for the 
implementation of task sets. Neuron 50, 799–812. doi:10.1016/j.neuron.2006.04.031. 

Duerden, E. G., Arsalidou, M., Lee, M., and Taylor, M. J. (2013). Lateralization of affective processing in 
the insula. NeuroImage 78, 159–175. doi:10.1016/j.neuroimage.2013.04.014. 

Eippert, F., Veit, R., Weiskopf, N., Erb, M., Birbaumer, N., and Anders, S. (2007). Regulation of emotional 
responses elicited by threat-related stimuli. Hum. Brain Mapp. 28, 409–423. 
doi:10.1002/hbm.20291. 

Etkin, A., Egner, T., and Kalisch, R. (2011). Emotional processing in anterior cingulate and medial 
prefrontal cortex. Trends Cogn. Sci. 15, 85–93. doi:10.1016/j.tics.2010.11.004. 

Fanselow, M. S., and Dong, H.-W. (2010). Are the Dorsal and Ventral Hippocampus Functionally Distinct 
Structures? Neuron 65, 7–19. doi:10.1016/j.neuron.2009.11.031. 

Firk, C., Siep, N., and Markus, C. R. (2013). Serotonin transporter genotype modulates cognitive 
reappraisal of negative emotions: a functional magnetic resonance imaging study. Soc. Cogn. 
Affect. Neurosci. 8, 247–258. doi:10.1093/scan/nsr091. 

First, M. B., Spitzer, R. L., Gibbon, M., and Williams, J. B. W. (1997). User’s Guide for the Structured 
Clinical Interview for Dsm-IV Axis I Disorders: Scid-1 Clinician Version. 1 edition. Arlington: 
American Psychiatric Publishing. 

Fox, M. D., Snyder, A. Z., Barch, D. M., Gusnard, D. A., and Raichle, M. E. (2005a). Transient BOLD 
responses at block transitions. NeuroImage 28, 956–966. 
doi:10.1016/j.neuroimage.2005.06.025. 

Fox, M. D., Snyder, A. Z., McAvoy, M. P., Barch, D. M., and Raichle, M. E. (2005b). The BOLD onset 
transient: identification of novel functional differences in schizophrenia. NeuroImage 25, 771–
782. doi:10.1016/j.neuroimage.2004.12.025. 

Friston, K. J., Frith, C. D., Turner, R., and Frackowiak, R. S. (1995). Characterizing evoked hemodynamics 
with fMRI. NeuroImage 2, 157–165. 

Garrett, A. S., and Maddock, R. J. (2001). Time course of the subjective emotional response to aversive 
pictures: relevance to fMRI studies. Psychiatry Res. Neuroimaging 108, 39–48. 
doi:10.1016/S0925-4927(01)00110-X. 

Gläscher, J. (2009). Visualization of group inference data in functional neuroimaging. Neuroinformatics 7, 
73–82. doi:10.1007/s12021-008-9042-x. 

Goldin, P. R., McRae, K., Ramel, W., and Gross, J. J. (2008). The Neural Bases of Emotion Regulation: 
Reappraisal and Suppression of Negative Emotion. Biol. Psychiatry 63, 577–586. 
doi:10.1016/j.biopsych.2007.05.031. 

Gonzalez-Castillo, J., Saad, Z. S., Handwerker, D. A., Inati, S. J., Brenowitz, N., and Bandettini, P. A. (2012). 
Whole-brain, time-locked activation with simple tasks revealed using massive averaging and 



model-free analysis. Proc. Natl. Acad. Sci. U. S. A. 109, 5487–5492. 
doi:10.1073/pnas.1121049109. 

Haas, B. W., Constable, R. T., and Canli, T. (2009). Functional magnetic resonance imaging of temporally 
distinct responses to emotional facial expressions. Soc. Neurosci. 4, 121–134. 
doi:10.1080/17470910802176326. 

Hariri, A. R., Tessitore, A., Mattay, V. S., Fera, F., and Weinberger, D. R. (2002). The amygdala response to 
emotional stimuli: a comparison of faces and scenes. NeuroImage 17, 317–323. 

Harms, M. P., and Melcher, J. R. (2003). Detection and quantification of a wide range of fMRI temporal 
responses using a physiologically-motivated basis set. Hum. Brain Mapp. 20, 168–183. 
doi:10.1002/hbm.10136. 

Josephs, O., and Henson, R. N. (1999). Event-related functional magnetic resonance imaging: modelling, 
inference and optimization. Philos. Trans. R. Soc. B Biol. Sci. 354, 1215–1228. 

Kalisch, R. (2009). The functional neuroanatomy of reappraisal: Time matters. Neurosci. Biobehav. Rev. 
33, 1215–1226. doi:10.1016/j.neubiorev.2009.06.003. 

Kalisch, R., Wiech, K., Herrmann, K., and Dolan, R. J. (2006). Neural Correlates of Self-distraction from 
Anxiety and a Process Model of Cognitive Emotion Regulation. J. Cogn. Neurosci. 18, 1266–1276. 
doi:10.1162/jocn.2006.18.8.1266. 

Kober, H., Barrett, L. F., Joseph, J., Bliss-Moreau, E., Lindquist, K., and Wager, T. D. (2008). Functional 
grouping and cortical-subcortical interactions in emotion: a meta-analysis of neuroimaging 
studies. NeuroImage 42, 998–1031. doi:10.1016/j.neuroimage.2008.03.059. 

Konishi, S., Donaldson, D. I., and Buckner, R. L. (2001). Transient activation during block transition. 
NeuroImage 13, 364–374. doi:10.1006/nimg.2000.0691. 

Lancaster, J. L., Woldorff, M. G., Parsons, L. M., Liotti, M., Freitas, C. S., Rainey, L., Kochunov, P. V., 
Nickerson, D., Mikiten, S. A., and Fox, P. T. (2000). Automated Talairach atlas labels for functional 
brain mapping. Hum. Brain Mapp. 10, 120–131. 

Lang, P. J., Bradley, M. M., and Cuthbert, B. N. (2008). International affective picture system (IAPS): 
Affective ratings of pictures and instruction manual. Technical Report A-8. Gainsville, FL: 
University of Florida. 

Lindquist, K. A., Wager, T. D., Kober, H., Bliss-Moreau, E., and Barrett, L. F. (2012). The brain basis of 
emotion: a meta-analytic review. Behav. Brain Sci. 35, 121–143. 
doi:10.1017/S0140525X11000446. 

Maier, S., Szalkowski, A., Kamphausen, S., Perlov, E., Feige, B., Blechert, J., Philipsen, A., van Elst, L. T., 
Kalisch, R., and Tüscher, O. (2012). Clarifying the role of the rostral dmPFC/dACC in fear/anxiety: 
learning, appraisal or expression? PloS One 7, e50120. doi:10.1371/journal.pone.0050120. 

Maldjian, J. A., Laurienti, P. J., Kraft, R. A., and Burdette, J. H. (2003). An automated method for 
neuroanatomic and cytoarchitectonic atlas-based interrogation of fMRI data sets. NeuroImage 
19, 1233–1239. 



Marschner, A., Kalisch, R., Vervliet, B., Vansteenwegen, D., and Büchel, C. (2008). Dissociable roles for 
the hippocampus and the amygdala in human cued versus context fear conditioning. J. Neurosci. 
Off. J. Soc. Neurosci. 28, 9030–9036. doi:10.1523/JNEUROSCI.1651-08.2008. 

Mathiak, K. A., Zvyagintsev, M., Ackermann, H., and Mathiak, K. (2012). Lateralization of amygdala 
activation in fMRI may depend on phase-encoding polarity. Magn. Reson. Mater. Phys. Biol. Med. 
25, 177–182. doi:10.1007/s10334-011-0285-4. 

Mechias, M.-L., Etkin, A., and Kalisch, R. (2010). A meta-analysis of instructed fear studies: Implications 
for conscious appraisal of threat. NeuroImage 49, 1760–1768. 
doi:10.1016/j.neuroimage.2009.09.040. 

Menon, V., and Uddin, L. Q. (2010). Saliency, switching, attention and control: a network model of insula 
function. Brain Struct. Funct. 214, 655–667. doi:10.1007/s00429-010-0262-0. 

Murphy, F. C., Nimmo-Smith, I., and Lawrence, A. D. (2003). Functional neuroanatomy of emotions: a 
meta-analysis. Cogn. Affect. Behav. Neurosci. 3, 207–233. 

Niedtfeld, I., Schulze, L., Kirsch, P., Herpertz, S. C., Bohus, M., and Schmahl, C. (2010). Affect regulation 
and pain in borderline personality disorder: a possible link to the understanding of self-injury. 
Biol. Psychiatry 68, 383–391. doi:10.1016/j.biopsych.2010.04.015. 

Ochsner, K. N., Ray, R. D., Cooper, J. C., Robertson, E. R., Chopra, S., Gabrieli, J. D. E., and Gross, J. J. 
(2004). For better or for worse: neural systems supporting the cognitive down- and up-regulation 
of negative emotion. NeuroImage 23, 483–499. doi:10.1016/j.neuroimage.2004.06.030. 

Paret, C., Brenninkmeyer, J., Meyer, B., Yuen, K. S. L., Gartmann, N., Mechias, M.-L., and Kalisch, R. 
(2011). A test for the implementation-maintenance model of reappraisal. Front. Psychol. 2, 216. 
doi:10.3389/fpsyg.2011.00216. 

Petrovic, P., Kalisch, R., Pessiglione, M., Singer, T., and Dolan, R. J. (2008). Learning affective values for 
faces is expressed in amygdala and fusiform gyrus. Soc. Cogn. Affect. Neurosci. 3, 109–118. 
doi:10.1093/scan/nsn002. 

Phan, K. L., Fitzgerald, D. A., Nathan, P. J., Moore, G. J., Uhde, T. W., and Tancer, M. E. (2005). Neural 
substrates for voluntary suppression of negative affect: a functional magnetic resonance imaging 
study. Biol. Psychiatry 57, 210–219. doi:10.1016/j.biopsych.2004.10.030. 

Phan, K. L., Wager, T., Taylor, S. F., and Liberzon, I. (2002). Functional Neuroanatomy of Emotion: A 
Meta-Analysis of Emotion Activation Studies in PET and fMRI. NeuroImage 16, 331–348. 
doi:10.1006/nimg.2002.1087. 

Phelps, E. A., O’Connor, K. J., Gatenby, J. C., Gore, J. C., Grillon, C., and Davis, M. (2001). Activation of the 
left amygdala to a cognitive representation of fear. Nat. Neurosci. 4, 437–441. 
doi:10.1038/86110. 

Price, C. J., Veltman, D. J., Ashburner, J., Josephs, O., and Friston, K. J. (1999). The critical relationship 
between the timing of stimulus presentation and data acquisition in blocked designs with fMRI. 
NeuroImage 10, 36–44. doi:10.1006/nimg.1999.0447. 



Schulze, L., Domes, G., Krüger, A., Berger, C., Fleischer, M., Prehn, K., Schmahl, C., Grossmann, A., 
Hauenstein, K., and Herpertz, S. C. (2011). Neuronal correlates of cognitive reappraisal in 
borderline patients with affective instability. Biol. Psychiatry 69, 564–573. 
doi:10.1016/j.biopsych.2010.10.025. 

Somerville, L. H., Wagner, D. D., Wig, G. S., Moran, J. M., Whalen, P. J., and Kelley, W. M. (2013). 
Interactions between transient and sustained neural signals support the generation and 
regulation of anxious emotion. Cereb. Cortex N. Y. N 1991 23, 49–60. doi:10.1093/cercor/bhr373. 

Stark, R., Schienle, A., Walter, B., Kirsch, P., Blecker, C., Ott, U., Schäfer, A., Sammer, G., Zimmermann, 
M., and Vaitl, D. (2004). Hemodynamic effects of negative emotional pictures - a test-retest 
analysis. Neuropsychobiology 50, 108–118. doi:10.1159/000077948. 

Tzourio-Mazoyer, N., Landeau, B., Papathanassiou, D., Crivello, F., Etard, O., Delcroix, N., Mazoyer, B., 
and Joliot, M. (2002). Automated Anatomical Labeling of Activations in SPM Using a Macroscopic 
Anatomical Parcellation of the MNI MRI Single-Subject Brain. NeuroImage 15, 273–289. 
doi:10.1006/nimg.2001.0978. 

Uludağ, K. (2008). Transient and sustained BOLD responses to sustained visual stimulation. Magn. Reson. 
Imaging 26, 863–869. doi:10.1016/j.mri.2008.01.049. 

Vrtička, P., Sander, D., and Vuilleumier, P. (2011). Effects of emotion regulation strategy on brain 
responses to the valence and social content of visual scenes. Neuropsychologia 49, 1067–1082. 
doi:10.1016/j.neuropsychologia.2011.02.020. 

Vuilleumier, P., Armony, J. L., Driver, J., and Dolan, R. J. (2001). Effects of attention and emotion on face 
processing in the human brain: an event-related fMRI study. Neuron 30, 829–841. 

Wessa, M., Kanske, P., Neumeister, P., Bode, K., Heissler, J., and Schönfelder, S. (2010). EmoPics: 
Subjektive und psychophysiologische Evaluation neuen Bildmaterials für die klinisch-bio-
psychologische Forschung. Z. Für Klin. Psychol. Psychother. Suppl. 1/11, 77. 

Wiech, K., Lin, C., Brodersen, K. H., Bingel, U., Ploner, M., and Tracey, I. (2010). Anterior insula integrates 
information about salience into perceptual decisions about pain. J. Neurosci. Off. J. Soc. Neurosci. 
30, 16324–16331. doi:10.1523/JNEUROSCI.2087-10.2010. 

Wright, C. I., Fischer, H., Whalen, P. J., McInerney, S. C., Shin, L. M., and Rauch, S. L. (2001). Differential 
prefrontal cortex and amygdala habituation to repeatedly presented emotional stimuli. 
Neuroreport 12, 379–383. 

 

Acknowledgements: 

We would like to thank Steffen Hoesterey for his help with the recruitment and testing of 

participants, Lydia Robnik and Martin Jungkunz for their support in study organization, Rebekka Knies, 

Kathrin Haeussler and Marie-Luise Zeitler for recruitment and conducting the diagnostic interviews, and 



Dr. Stefanie Lis for her help with the preparation of batches for the SPM8 analysis. The study was part of 

the clinical research unit 256, funded by the German Research Foundation (DFG, SCHM 1526/14-1, EN 

361/13-1). 


