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Abstract: The use of top–down cognitive control mechanisms to regulate emotional responses as cir-
cumstances change is critical for mental and physical health. Several theoretical models of emotion reg-
ulation have been postulated; it remains unclear, however, in which brain regions emotion regulation
goals (e.g., the downregulation of fear) are represented. Here, we examined the neural mechanisms of
regulating emotion using fMRI and identified brain regions representing reappraisal goals. Using a
multimethodological analysis approach, combining standard activation-based and pattern-information
analyses, we identified a distributed network of lateral frontal, temporal, and parietal regions impli-
cated in reappraisal and within it, a core system that represents reappraisal goals in an abstract,
stimulus-independent fashion. Within this core system, the neural pattern-separability in a subset of
regions including the left inferior frontal gyrus, middle temporal gyrus, and inferior parietal lobe was
related to the success in emotion regulation. Those brain regions might link the prefrontal control
regions with the subcortical affective regions. Given the strong association of this subsystem with inner
speech functions and semantic memory, we conclude that those cognitive mechanisms may be used
for orchestrating emotion regulation. Hum Brain Mapp 37:600–620, 2016. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

The ability to use top–down cognitive control mechanisms,
such as reappraisal, to regulate emotional responses as cir-

cumstances change is critical for mental and physical health
[Eftekhari et al., 2009; Gross and John, 2003a; Gross and
Mu~noz, 1995]. Reappraisal refers to the cognitive reevaluation
of a potentially emotionally arousing event, aimed at altering
its emotional impact [Gross and Thompson, 2007]. Thus, reap-
praisal requires a goal to regulate either the magnitude or
duration of an emotional response [Gross et al., 2011b] and
could pursue two different goals, i.e., the downregulation
(decrease) or upregulation (increase) of emotion [Gross, 2013;
McRae et al., 2012; Ochsner et al., 2012]. Previous studies
implemented different reappraisal goals depending on the
valence of the emotional stimuli to either upregulate positive
(e.g., Kim and Hamann, 2007) and negative emotions (e.g.,
Eippert et al., 2007; Kim and Hamann, 2007; Ochsner et al.,
2004b; Urry et al., 2006), or to downregulate positive (e.g.,
Kanske et al., 2011; Kim and Hamann, 2007) and negative
emotions (e.g., Eippert et al., 2007; Kanske et al., 2011; Kim
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and Hamann, 2007; Ochsner et al., 2004b; Urry et al., 2006).
Reappraisal goals vary in their outcome, i.e., how affective
responses change in their magnitude or duration, and can be
achieved via different tactics, e.g., distancing or situation rein-
terpretation [Gross et al., 2011a; Gross, 2013; McRae et al.,
2012; Ochsner et al., 2004b]. In this study, we aimed to investi-
gate the up- and downregulation of emotion (often referred to
as reappraisal goals by [Gross et al., 2011a; Gross, 2013; McRae
et al., 2012; Ochsner et al., 2012; Wager et al., 2008]) and not
the specific tactics to achieve these goals. Reappraisal repre-
sents a cognitively complex process, which has been proposed
to involve several subprocesses important for generating,
maintaining, and implementing a cognitive frame, as well as
the tracking of changes in one’s emotional states [Ochsner
and Gross, 2008]. Here, we assumed that these subprocesses
are equally instrumental for the up- and downregulation of
emotional responses.

Research on emotion regulation has converged on a top–
down model whereby neural responses to emotional
stimuli in the amygdala and ventral striatum are downre-
gulated by prefrontal regions [Johnstone et al., 2007; Kober
et al., 2010; Phillips et al., 2008; Urry et al., 2006; Wager
et al., 2008]. However, to date, it remains unclear which
brain regions mediate the emotion regulation processes
between the cortical control and the subcortical affective
system, and which cognitive mechanisms underlie this
mediation process. The recent model of cognitive control of
emotion (MCCE) [Ochsner et al., 2012] posits that temporal
brain regions (e.g., temporoparietal junction, middle tempo-
ral gyrus (MTG), superior temporal gyrus (STG)) play an
intermediary role between DLPFC and amygdala during
the emotion regulation process. In addition, medial pre-
frontal cortex (MPFC) regions and left inferior frontal gyrus
(IFG) have also been suggested to link the cognitive control
with the affect processing system [Ochsner et al., 2004a].
Numerous cognitive processes have been associated with
these brain regions ranging from language, response selec-
tion and inhibition, attribution of mental states, emotional
reflection, to suppression and distraction [Badre et al., 2005;
Badre and Wagner, 2007; Binder and Desai, 2011; Buhle
et al., 2013; Egner, 2011; Fletcher et al., 2000; Goldin et al.,
2008; Jonides et al., 1998; Kanske et al., 2011; Kohn et al.,
2014; Mitchell, 2009; Moss et al., 2005; Ochsner et al., 2004a,
2012; Olsson and Ochsner, 2008; Thompson-Schill et al.,
1997, 2005]. One less discussed cognitive process mediated
by temporal regions as well as IFG is self-directed inner
speech [Geva et al., 2011b; Girbau, 2007; Jones and Ferny-
hough, 2007; Morin and Hamper, 2012; Shergill et al., 2003].
Inner speech might be involved in the evaluation of stimu-
lus significance by reflecting on one’s own internal state
induced by the stimulus, through verbal labeling, categoriz-
ing, or separation of affect, and thus it could promote the
reinterpretation of the meaning of the stimulus [Burns and
Engdahl, 1998]. Indeed, verbal labeling of affect has previ-
ously been described as an incidental emotion regulation
process [Lieberman et al., 2011].

The MCCE provides a framework for the study of emo-
tion regulation and integrates different cognitive control
processes involved in reappraisal, but it is limited in sev-
eral important aspects. (1) Earlier studies have mainly
focused on reappraisal in terms of decreasing negative
emotions, and only few studies addressed the opposite
goal of cognitive change, namely increasing emotions
[Ochsner et al., 2012]. Whether or not the top–down model
as described for downregulating emotion (e.g., Phillips
et al., 2008) also holds for the upregulation of emotion is
not clear yet. (2) Most studies to date used photos from
the International Affective Picture System (IAPS) [Bradley
and Lang, 2007] as stimulus material [Buhle et al., 2013;
Frank et al., 2014; Kalisch, 2009; Kohn et al., 2014; Ochsner
et al., 2012]. In a recent meta-analysis, Ochsner et al.
[Ochsner et al., 2012] found that 33 out of 43 reappraisal
studies used IAPS pictures as stimuli. The number of neu-
roimaging studies that used more realistic material to
induce emotions is much smaller. Some authors report
having used affective film clips [Beauregard et al., 2001;
Goldin et al., 2008; L�evesque et al., 2003], memories [Kross
et al., 2009], photos of faces [McRae et al., 2012a; Ziv et al.,
2013], or painful stimuli [Lorenz et al., 2003; Salomons
et al., 2004, 2007; Wiech et al., 2006]. However, it remains
untested to what extent stimulus material that is more
similar to real-world experiences overlaps with other stim-
uli such as photos when tested on the same sample (i.e., in
a within subject design). (3) Previous studies primarily
identified brain regions involved in emotion regulation by
searching for average activation differences associated
with reappraisal. This leaves the possibility that regions
were overlooked in which reappraisal goals (i.e., up- and
downregulating of emotions) are represented by distinct,
fine-grained neural patterns that do not necessarily lead to
changes in the overall signal strength.

To answer the questions which brain regions mediate reap-
praisal processes and which cognitive mechanism underlies
them, we aimed to identify those brain regions in which reap-
praisal is represented using functional magnetic resonance
imaging (fMRI). We hypothesized that if the temporal
regions, IFG and MPFC, took on the function of an intermedi-
ary role between the cortical control and the subcortical affec-
tive system [Ochsner et al., 2004a, 2012], then reappraisal
goals should be represented in those regions to promote the
fundamental cognitive processes important for successful
emotion regulation. We predicted that reappraisal processes
would recruit prefrontal regions generally implicated in the
cognitive control of emotions independent of the reappraisal
goal. Based on previous findings [Eippert et al., 2007; Ochsner
et al., 2004b], we further hypothesized that increasing emo-
tion would be associated with higher activity in the emotion
regulation network compared to decreasing emotion. We
sought to overcome some of the aforementioned methodolog-
ical shortcomings. To address the issue of goal-specificity and
generalizability (limitation 1), we adapted an event-related
design with three experimental conditions (e.g., Kim and
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Hamann, 2007): Increase, Decrease, and Look. To overcome the
issue of stimulus-specific effects in emotion regulation (limi-
tation 2), we used two sets of stimuli: aversive pictures from
the IAPS and high-arousing film clips of skydiving and BASE
jumping that created a naturalistic setting for high emotional
stress, strong hyperarousal, and anxiety. To attain high eco-
logic validity, we assured that the stimulus material was rele-
vant to the subjects. Therefore, our sample represented a
continuum of skydiving/BASE jumping experience and
expertise by including novice and experienced sports partici-
pants likewise as well as nonsports participants. To capture
the full extent of the emotion regulation network and deter-
mine in which regions reappraisal goals are represented, we
implemented a multimethodological analysis approach mov-
ing beyond standard univariate fMRI analysis (limitation 3).
First, we identified all brain regions involved in emotion reg-
ulation by contrasting reappraisal trials with control trials.
We then identified regions that showed overall activation dif-
ferences for up- and downregulation of emotions. Next, we
applied multivariate voxel pattern analysis (MVPA) [Haynes
and Rees, 2006; Norman et al., 2006] to all regions within the
emotion regulation network that did not show activation dif-
ferences between up- and downregulation of emotions to
investigate whether fine-grained activation patterns still con-
tained regulation-specific information. Finally, we explicitly
tested the relationship between reappraisal success and neu-
ral activation patterns.

MATERIALS AND METHODS

Subjects

Sixty-six right-handed (Edinburgh-Handedness Inven-
tory; Oldfield, 1971), healthy subjects with normal or cor-
rected to normal vision gave written, informed consent

and participated in the study. Two subjects did not finish
the experiment and five subjects’ data had to be excluded
due to head movement and technical problems with data
acquisition. The final sample consisted of fifty-nine sub-
jects (mean age 5 32.47 years, SD 5 11.25; 20 female).

We presented participants with a scenario with high
ecologic validity that also had a very high probability to
be emotionally engaging for almost everyone, while allow-
ing us to control for experience with emotion regulation.
To capture a wide range of experience with these scenar-
ios, our sample represented a continuum of skydiving/
BASE jumping experience and expertise. We assumed that
BASE jumpers and skydivers at different levels of exper-
tise might possess a wide range of expertise in controlling
their emotions. Thus, our sample included novice and
experienced sports participants likewise (mean experience
in years 5 4.32 6 7.53) as well as nonsports participants
(i.e., not taking part in any extreme sports activities, and
no previous experience in skydiving and/or BASE jump-
ing). Indeed, our sample represented a wide range in emo-
tion regulation skills (Fig. 1). Sports participants were also
asked about how often they performed skydiving and
BASE jumping in the past (number of jumps 5 714.05,
SD 5 1798.68; range from 1 to 9,770 jumps). According to
sports experience and expertise, our sample could be sub-
divided into three groups of subjects: nonsports partici-
pants (n 5 20, mean age 5 24.8 years, SD 5 4.39), novice
sports participants with an experience of less than 100
jumps (n 5 19, mean age 5 34.42 6 12.26; mean number of
jumps 5 58 6 29), and experienced sports participants with
an experience of more than 100 jumps (n 5 20, mean
age 5 38.30 6 11.11; mean number of jumps 5 1,337 6

2,373).
This study was approved by the ethics committee of the

German Psychological Society (DGPs).

Figure 1.

(A) Distribution of regulation scores on the Emotion Regulation Skills Questionnaire (ERSQ)

across all participants. (B) Distribution of reappraisal scores on the Emotion Regulation Ques-

tionnaire (ERQ) across all participants.
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Questionnaires

After the fMRI session, subjects completed several ques-
tionnaires. Because neural responses to threat-related stim-
uli can differ with respect to state anxiety levels [Bishop
et al., 2004] subjects rated their state anxiety before and
after the experiment using the STAI [Laux et al., 1981;
Spielberger et al., 1970] to assure that our sample did not
differ from the population average. Alexithymia, the
inability to describe and regulate one’s emotions, was
assessed using the TAS-20 [Bach et al., 1996]. Personality
characteristics were measured using the NEO-Five Factory
Inventory [Borkenau and Ostendorf, 1999] and the Sensa-
tion Seeking Scale (SSS-V) [Beauducel et al., 2003]. To
assess individual differences in general emotion regulation
strategies (suppression and reappraisal), we obtained self-
ratings of emotion experience and expression using the
emotion regulation questionnaire (ERQ) [Abler, 2009;
Gross and John, 2003b] and the Emotion Regulation Skills
Questionnaire (ERSQ) [Berking and Znoj, 2008]. In addi-
tion, subjects rated their ability to regulate their emotions
for all experimental conditions in a separate general ques-
tionnaire on a seven-point scale (1: “not successful at all”
to 7: “very successful”). In two open questions, subjects
were given the opportunity to provide additional com-
ments on their emotion regulation strategies: (1) “Which
strategy did you use to regulate your emotions during the
Increase condition?” and (2) “Which strategy did you use
to regulate your emotions during the Decrease condition?”
Both questions were followed by “Please describe it in a
few words.”

Electrodermal Activity

Electrodermal activity (EDA) can serve as an index of
affective value of stimuli and is affected by emotional
arousal and emotion regulation [Urry et al., 2009]. We
recorded EDA using two cup electrodes with an internal
impedance of 15 kX (7 mm) filled with isotonic paste and
attached to the proximal phalanges of the index and mid-
dle fingers on the left hand. EDA was acquired at a sam-
pling rate of 5,000 Hz using an MR-compatible amplifier
system (BrainAmp GSR-module, Brain Products, Gliching,
Germany) and constant voltage electrode excitation. The
data were down-sampled offline to 10 Hz and averaged
across trials within each condition applying an 8 s time
window using Ledalab Version 3.3.1 [Benedek and
Kaernbach, 2010a]. Continuous decomposition analysis
was performed to decompose skin-conductance data into
continuous tonic and phasic activity [Benedek and Kaern-
bach, 2010b]. Skin-conductance responses (SCRs) were
defined as a deflection of at least 0.01 muS occurring 1–8 s
after stimulus onset. Only runs including more than 10%
SCRs exceeding the above criterion were used for analysis.
Values for phasic SCRs were extracted as the difference
between a local minimum and the succeeding local
maximum within the response window. EDA data from 12

subjects had to be excluded due to technical problems at
recording.

Stimuli

Stimuli consisted of a set of (a) film clips as well as (b) pic-
tures from the International Affective Picture System (IAPS)
[Bradley and Lang, 2007]. One hundred and eighty film clips
were evaluated previously by a different group of seventeen
subjects (mean age 5 26.82 6 6.91 years; 13 female). (a) The
film clips consisted of 120 highly arousing extreme sports film
clips (Skydiving, BASE Jumping, Downhill-Skateboarding,
Freeride Snowboarding, Big Wave Surfing, Kite Surfing,
Whitewater Kayaking, Snow Paragliding) and 60 neutral con-
trol film clips (Landscape, Airplane Flights, Helicopter
Flights). The skydiving/BASE jumping film clips were
obtained from a skydiving school (www.gojump.de), and all
other film clips were obtained from a professional videogra-
pher (www.danny-strasser.de) as well as Red Bull Media
House GmbH (www.redbull.com). Note that no participant
had previously seen any of the film clips, which have not
been published or used for any commercial purposes. The
film clips were rated on valence and arousal using a nine-
point Likert scale (1: very negative/calm to 9: very positive/
high arousing). On the basis of these ratings, 62 high-arousing
film clips of skydiving and BASE Jumping (using a cutoff
value of >5 for arousal) were selected for the fMRI study. An
additional 21 neutral film clips (using a cutoff value of <2 for
arousal and >7 for valence) were selected to provide a base-
line for post-hoc ratings.

Skydiving and BASE jumping are considered to be extreme
sports, which carry a high risk of severe physical injury or
even death [Brymer, 2005]. Skydiving involves willfully step-
ping through the open door of an airplane, while jumping off
a rock or a building with a parachute is part of BASE jumping.
The latter is ranked as being among the most dangerous sports
in the world [Pedersen, 1997]. To induce strong feelings of anx-
iety and high arousal, only extreme sports film clips from the
first person perspective (helmet camera) were used (e.g.,
depicting the actual jump of an airplane or off a rock). Emo-
tionally neutral film clips were matched to the sports clips
with respect to the perspective (i.e., bird’s eye view of land-
scapes taken from an airplane or helicopter), but did not
involve dangerous scenarios. The final selection showed signif-
icantly greater negative emotion experience (sports: mean-
5 4.81, SD 5 1.83, neutral: mean 5 6.55 6 1.10, t(16) 5 3.84;
p< 0.001) and higher arousal (sports: mean 5 6.81 6 1.07, neu-
tral: mean 5 3.57 6 1.61, t(16) 5 7.91, p< 0.001) for sports ver-
sus neutral film clips. (b) The pictures set consisted of 90 IAPS
pictures that were highly aversive according to the existing
norms (nine-point rating scale, with 1 5 negative/calm and
9 5 positive/arousing) [Bradley and Lang, 2007] (mean
valence 5 2.54, SD 5 0.67; mean arousal 5 6.04, SD 5 0.53), as
well as 21 neutral pictures (mean valence 5 5.19, SD 5 0.32;
mean arousal 5 3.16, SD 5 0.29). These served as a control con-
dition for nonmotion stimuli. The content of the IAPS pictures
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was not related to the content of the film clips and included
e.g., car accidents, mutilation, attacks, aimed guns, war, ani-
mals, and burned victims. After scanning, subjects of the fMRI
experiment rated all stimuli on valence and arousal on a nine-
point Likert scale. Note that for the actual fMRI experiment,
only sports film clips and negative pictures were used and
neutral control stimuli were only included in the postratings.

During the fMRI experiment, film clips and images were
presented in the middle of the screen with an 800 3 600
pixel display subtending 328 3 248 visual angle on dual
display goggles (VisuaStim, MR Research, USA) using the
stimulation software Presentation (Version 14.1, Neurobe-
havioral Systems, USA). Film clips subtended a 328 3 218

visual angle and IAPS pictures, a 248 3 188 visual angle,
presented against a black background.

Experimental Design and Procedure

Before the scanning session, subjects received an intro-
duction to skydiving and BASE jumping explaining the
sport and watched a short movie for illustration.

Task design has been adapted from previous studies on
emotion regulation (e.g., Kim and Hamann, 2007). Three task
conditions were implemented in the experiment (Fig. 2). (1)
In the Look condition, subjects were presented with film clips
or pictures and were asked to view the stimuli attentively
and allow themselves to experience/feel any emotional

responses, which these might elicit without trying to manipu-
late them. (2) In the Increase condition, subjects were asked to
engage themselves with the depicted situation and to increase
their sense of subjective closeness to the displayed events by
imaging a close friend/family member in the situation
depicted in the picture (IAPS) or by imagining themselves as
the skydiver or BASE jumper (film clips) [Eippert et al., 2007;
Ochsner et al., 2004b; Urry et al., 2009]. This active engage-
ment with the material generated an amplification of their
sense of personal and subjective experience as well as the
intensity of their negative emotions as the actions unfolded in
the film clip. Subjects were explicitly trained before the scan-
ning session to imagine a negative outcome of the depicted
situation, e.g., accident and parachute not opening. (3) Con-
versely, in the Decrease condition, subjects were instructed to
reduce the intensity of the negative emotion by distancing
themselves from the image (IAPS) or by imagining a positive
outcome of the situation by interpreting it as a fun, safe, and
joyful event (film clips) [Eippert et al., 2007; Ochsner et al.,
2004b; Urry et al., 2009]. Subjects then received a training ses-
sion to practice the reappraisal strategies before scanning.

An event-related design was used implementing the three
task conditions in pseudorandomized order. Each trial
started with an instruction screen (2 s) indicating the experi-
mental condition using a cue (camera symbol: Look; red
arrow pointing upwards: Increase; green arrow pointing
downwards: Decrease). A film clip or image was presented
subsequently for 8 s during which the neutral strategy or
the emotion regulation strategy had to be applied. Next,
subjects were asked to rate their current emotional state on a
scale from 25 to 15 (extremely negative to extremely posi-
tive) by pressing a button on a two button fiber optic
response pad (fORP, Cambridge Research Systems Ltd.,
England), providing a measure of trial-by-trial emotion reg-
ulation success. The extremes of the emotional state ratings
were not labelled during the fMRI experiment, only the
scale from 25 to 15 was presented. Finally, a fixation cross
presented in the middle of the screen for 4, 6, or 8 s
concluded the trial.

Subjects performed 10 runs of the experiment, five of
which used film clips and five used pictures in alternating
order, starting with a film clip run. Each run consisted of
18 trials (6 trials per condition). The presentation of the
film clips and images was randomized within one run and
between subjects. One trial lasted 20s on average, one run
lasted about 6 min, thus one scanning session with 10
runs resulted in about 1 h of scanning.

fMRI Data Acquisition

Whole brain functional and anatomical images were
acquired using a 3.0 T Magnetom TrioTim MRI scanner
(Siemens, Erlangen, Germany) and a 12-channel head coil.
A high-resolution 3D T1-weighted dataset was acquired
for each subject (176 sagittal sections, 1 3 1 3 1 mm3;
256 3 256 data acquisition matrix). Functional images were

Figure 2.

Task design. Each trial started with an instruction screen of 2s,

displaying a cue for each experimental condition: Red arrow

pointing upward symbolized Increase, video camera symbolized

Look and green arrow pointing downwards indicated Decrease.

The instruction was followed by an emotion regulation phase in

which either an IAPS picture or a film clip was presented,

depending on the run. During this 8s phase, participants were

asked to either upregulate (Increase) or downregulate (Decrease)

their emotions or not modulate their emotions at all (Look). In

the next display, participants were asked to rate their current

emotional state on a scale from 25 (very negative) to 15 (very

positive), followed by a jittered fixation phase of 4–8s. [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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acquired using a T2*-weighted, gradient-echo echo planar
imaging (EPI) pulse sequence recording 37 sections ori-
ented parallel to the anterior and posterior commissure at
an in-plane resolution of 3 3 3 3 3 mm3 (interslice gap 5 0;
TE 5 30 ms; TR 5 2s; FA 5 908; FoV 5 192 3 192 mm2;
64 3 64 data acquisition matrix). For each experimental
run, 185 whole-brain volumes were recorded.

Data Analyses

Behavioral data

As we were interested in successful emotion regulation,
we calculated reappraisal success scores based on the affect
ratings acquired after each trial. Reappraisal success was
defined as either a decrease or increase in reported emotion
when applying a cognitive reappraisal strategy relative to
the mean affect ratings of the Look condition representing
the “natural” emotional response to the stimuli. On this
basis each reappraisal trial (Increase or Decrease) was catego-
rized as either successful or unsuccessful by subtracting the
affect rating from the mean baseline (Look) [Wager et al.,
2008]. Hence, negative values during Increase represent suc-
cessful trials (subject reported stronger negative affect)
while positive values represent unsuccessful trials (subject
reported weaker negative affect) and vice versa for Decrease.
Reappraisal success scores were calculated as the total num-
ber of successful reappraisal trials for each subject for both
reappraisal conditions separately.

fMRI data

Functional imaging data analysis was performed using
SPM8 (Statistical Parametric Mapping, Wellcome Institute
for Cognitive Neurology, London, UK) and Matlab 8.0.0
(MathWorks, Natick, MA, USA). For all univariate analyses,
preprocessing of fMRI data included slice time correction,
realignment to the mean image, coregistration to the indi-
vidual T1-weighted anatomical images as well as spatial
normalization to the standard EPI template, reslicing to
3 3 3 3 3 mm voxels (Montreal Neurological Institute, MNI
template, as implemented in SPM8). Spatial smoothing was
performed using an 8mm full-width at half-maximum
(FWHM) isotopic Gaussian kernel. For the multivariate
analysis, data were slice time corrected and realigned to the
mean image, but no normalization and smoothing was
performed. Regions of interest (see below) were defined at
group level and transformed back into individual space for
analysis.

The fMRI analysis proceeded in four steps. (1) First, we
determined regions showing significant reappraisal-related
activation (Increase>Look, Decrease>Look), which was the
basis for the identification of the General Emotion Regulation
Network (GERN). (2) Then, we determined regional-average
activation differences between the reappraisal goals (Increa-
se>Decrease, Decrease>Increase) within the GERN (obtained
from Step 1). Based on this contrast, the regions of the

GERN were subdivided into regions with and without corre-
sponding differences in average local activation. (3) In the
next step, we investigated the representational content of
those regions (obtained from Step 2) in which regional-
average activation differences between reappraisal goals
were absent by applying pattern information analysis. (4)
Finally, we examined the relation between patterns of neu-
ral activity and behavioral performance in terms of reap-
praisal success.

Univariate Analyses

The first-level fixed effects model consisted of a set of five
regressors (Instruction, Increase, Decrease, Look, Rating) con-
volved with the hemodynamic response function and six
regressors describing head motion. In a second-level ran-
dom effects group analysis effects of reappraisal condition
and stimulus type were compared using a flexible factorial
design (3 3 2 design with the factors condition (Increase,
Decrease, and Look) and stimulus type (IAPS, film clips)).
T-statistics for each voxel were thresholded at p< 0.05 cor-
rected for multiple comparisons across whole brain with
family wise error rate (FWE) using a cluster size of 100 vox-
els. This cluster size was chosen to assist in the identification
of the major hubs implicated in emotion regulation. All tri-
als were included in the univariate analysis regardless
whether it was a successful or unsuccessful trial.

First, we tested for stimulus-dependent differences in
emotion regulation. We identified regions, which were
involved in emotion regulation independent of the reappraisal
goal used [(Increase> Look)OR(Decrease>Look)], but depend-
ing on stimulus type (film clips, IAPS). This analysis
showed a large regional overlap between the activation
patterns induced by the film clips and the IAPS and
enhanced activity for film clips compared to IAPS in gen-
eral. Regions involved in both contrasts were subsumed
and labeled the general emotion regulation network (GERN)
(Fig. 4A). To validate the identification of the GERN, a
control analysis was conducted using a conjunction analy-
sis [(Increase>Look)AND(Decrease>Look)], which included
all regions involved in both reappraisal goals but exhibited
no differential activity between them, again separately for
both stimulus types. Thus, the GERN involved all regions
responding to the Increase or the Decrease condition and all
regions that demonstrated differential activity between
those conditions, revealing the maximal extent of the net-
work. In contrast, the network revealed by the conjunction
contrast would be restricted to conjointly activated regions
during reappraisal, and probably best described as the
minimal network.

Second, within the GERN, which was used as a mask, we
determined differences between the reappraisal conditions by con-
trasting Increase versus Decrease: (Decrease> Increase) and
(Increase>Decrease), separately for each stimulus type. This
analysis investigated activation differences between reap-
praisal conditions independent of the difference in activation
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of each reappraisal condition from baseline (Look). The identi-
fied regions represented the part of the GERN in which goal-

specific activation differences could be observed.
On the basis of those two analysis steps, we also identi-

fied a set of ROIs within the GERN in which no activation

differences between Increase and Decrease were found. This
was achieved by subtracting the goal-specific ROIs from
the GERN and obtaining remaining clusters (with a mini-
mal voxel size of 100) (Fig. 5A). The ROIs were defined
using the toolbox MarsBaR (http://marsbar.sourceforge.
net/; [Brett et al., 2002]). We then asked whether these
regions, which were found to be part of the GERN but
show no differential effect in favor of one of the reap-
praisal goals, were truly goal-unspecific (i.e., involved in
both reappraisal goals) or still encoded information about
the applied reappraisal goal. For this, we performed a sub-
sequent pattern classification analyses on the second set of
ROIs (obtained on a group level) (Table I), which were
transferred back into individual subject space and used as
masks.

Multivariate Analyses

The multivariate analysis comprised two different
pattern classification techniques [Haynes and Rees, 2006;
Norman et al., 2006]. In the first step, we applied a multi-
variate pattern classification algorithm to the predefined
ROIs, while in the second step, we performed a control
analysis using a searchlight approach throughout the
whole brain [Kriegeskorte et al., 2006]. All trials were
included in the multivariate analysis regardless whether it
was a successful or unsuccessful trial.

ROI approach

The GLM parameter estimates were extracted for each
voxel within the ROIs that showed no goal-specific activa-
tion effect. This was done separately for each stimulus cat-
egory (IAPS, film clips) and each reappraisal goal (Decrease

and Increase), and separately for each run and each subject.

First, for each subject, the parameter estimates from each
region and each run were transformed into pattern vec-
tors, representing the spatial activation patterns associated
with each reappraisal goal in the respective region. These
pattern vectors from each ROI were used as input for
separate pattern classification analyses.

Whole-brain approach

This analysis included the whole brain excluding all
regions showing goal-dependent activation effects and all
ROIs. For a given position in the brain, a searchlight clus-
ter was defined as a sphere of N voxels (c1. . .N), with
radius of 3 voxels, constructed around the central voxel mi

and transformed in an N-dimensional pattern vector (see
Bode et al., 2012, 2013). The GLM parameter estimates
were extracted for these searchlight voxels for each stimu-
lus category (IAPS, film clips) and each reappraisal goal
(Decrease and Increase), and separately for each run and
each subject. Again, parameter estimates from each search-
light cluster were transformed into pattern vectors and
used to separate the pattern classification analyses.

Multivariate pattern classification algorithm

A multivariate pattern classification algorithm was
applied to decode the reappraisal goal from the pattern
vectors of each ROI cluster and searchlight cluster. We
used a linear support vector machine (SVM) (LIBSVM
toolbox, http://www.csie.ntu.edu.tw/~cjlin/libsvm) with
a fixed regularization parameter C 5 1 [Chang and Lin,
2011]. For data from each ROI, the classifier was trained
on pattern vectors (Increase vs Decrease) from all runs but
one to establish a decision boundary to distinguish
between spatial activation patterns associated with the two
reappraisal goals on a single subject level. This is referred
to as “training data set.” The trained classifier was then
tested on data from the independent left-out run, i.e., the
“test data set.” A fivefold cross-validation was performed
by repeating the classification process independently with
the pattern vectors of each run as the “test data set” while
training the classifier on data from the remaining runs.
The average accuracy of all cross-validation steps finally
reflected how well the patterns of activation within the
particular region allowed classifying the reappraisal goal,
or in other words, whether this region encoded informa-
tion about the reappraisal goals. Statistical significance
was assessed by testing decoding accuracy values across
subjects and runs for each ROI or searchlight cluster
(chance level was 50% for two goals) using Bonferroni cor-
rection. Note that using independent cross-validation as
well as a selection of ROIs that was not based on a differ-
ence contrast between the reappraisal goals circumvented
circular inference at any stage of the analyses [Mur et al.,
2009]. The use of the same number of exemplars for
decoding for each condition and each run further

TABLE I. Regions of Interest for MVPA

Coordinates

Region x y z size

Left Superior Frontal Gyrus (L_SFG) 223 50 26 126
Left Inferior Frontal Gyrus (L_IFG) 249 20 16 176
Left Intraparietal Lobe (L_IPL) 241 252 48 185
Left Middle Frontal Gyrus (L_MidFG) 237 40 17 337
Left Middle Temporal Gyrus (L_MTG) 250 244 2 109
Left Superior Parietal Lobe (L_SPL) 225 260 56 147
Right Inferior Frontal Gyrus (R_IFG) 45 24 21 149
Right Middle Frontal Gyrus (R_MidFG) 38 3 52 175

Coordinates refer to MNI coordinate system.
Size is given in mm3.
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guaranteed that both reappraisal conditions were always
equally represented in the training and test data.

Cross-condition classification

Separate analyses were conducted for each stimulus
type (IAPS, film clips) for (A) the ROIs and (B) the
searchlight clusters. For the Within-GERN ROIs, in a sec-
ond step, we also performed a cross-condition classifica-
tion analysis [Bode et al., 2013]. For this, the pattern
vectors from all runs of one stimulus category (either
IAPS or film clips) were used to train the classifier to dis-
tinguish between activation patterns associated with
Increase and Decrease. Instead of predicting the reappraisal
goals from data from the left-out run of the same stimu-
lus condition as before, this time we predicted the reap-
praisal goal for each run of the other stimulus category
(i.e., film clips for training on IAPS, IAPS for training on
film clips). We then repeated the analysis with switched
training and testing categories and averaged across both
cross-condition analyses. Finally, we tested whether the
obtained cross-condition classification accuracies were
significant.

Correlation with emotion regulation success

Decoding accuracies of all ROIs (average accuracy
obtained for each participant for each ROI) were correlated
with the reappraisal success score for each stimulus cate-
gory separately. We used a partial correlation controlling
for age and total number of jumps. We correlated the
accuracy of the classifier (predicting the emotion regula-
tion goal: Increase vs Decrease) of each stimulus category
(IAPS/film clips) with the reappraisal success (mean %
successful trials in Increase and Decrease). Thus, a positive
correlation of reappraisal success and decoding accuracy
during emotion regulation reflected increased prediction
of the emotion regulation goal with higher success scores.
Such a relationship would imply that the better the classi-

fier could differentiate between Increase and Decrease, the
better participants could regulate their emotions.

RESULTS

Individual Differences

Several questionnaires were administered to ensure that
our sample did not differ from the reported population
averages on relevant scales (less than one standard devia-
tion (SD) from the mean). Our sample did not differ from
the reported population averages on state anxiety, alexi-
thymia, sensation seeking, and reappraisal (Table II).

To assess whether subjects differed in the habitual use
of emotion regulation strategies (reappraisal and suppres-
sion) and emotion regulation skills due to the participation
in extreme sports, we tested for differences on the ERQ
and ERSQ between the three subject groups. There were
no significant differences between non-sports participants
and novice skydivers (ERQ: reappraisal: t(37) 5 0.96,
p 5 0.34; suppression: t(37) 5 20.26, p 5 0.79; ERSQ: t(34) 5

21.32, p 5 0.19), between nonsports participants and expe-
rienced skydivers/BASE jumpers (ERQ: reappraisal:
t(38) 5 0.57, p 5 0.56; suppression: t(38) 5 20.87, p 5 0.39;
ERSQ: t(35) 5 20.15, p 5 0.87), and between novice and
experienced sports participants (ERQ: reappraisal:
t(37) 5 20.36, p 5 0.71; suppression: t(37) 5 20.67, p 5 0.51;
ERSQ: t(37) 5 1.22, p 5 0.23).

Furthermore, we tested whether the three groups of sub-
jects differed in terms of emotion regulation success. For
this, we performed a repeated measures 3 (groups: Con-
trol, Novice, and Experts) by 2 (tasks: Successful Increase

and Successful Decrease) by 2 (stimulus category: IAPS and
film clips) ANOVA. The emotional state ratings inside the
scanner did not reveal any significant differences between
groups in respect to successful emotion regulation (interac-
tion effects: task*group: F(2,174) 5 0.25, p 5 0.78; stimulus
category*group: F(2,174) 5 1.58, p 5 0.22; task*stimulus

TABLE II. Questionnaires

female (n 5 20) Male (n 5 39) Total (n 5 59)

Questionnaire M SD PA PA SD M SD PA PA SD M SD PA PA SD

STAI (pre-experiment) 35.50 5.8 35.76 10.5 35.67 9.1 36 10
STAI (postexperiment) 37.36 6.0 36.02 7.48 36.58 7.0
TAS-20 43.00 7.5 43.45 9.8 44.89 9.9 47.19 10.3 44.25 9.16
Reappraisal (ERQ) 3.16 1.07 4.24 0.9 2.92 0.9 4.07 1.2 3.00 0.9
Suppression (ERQ) 5.23 1.13 2.92 0.93 4.39 1.20 3.45 1.12 4.68 1.23
ERSQ 3.44 1.15 3.38 1.04 3.40 1.06 2.71 0.52
SSS 18.85 3.5 16.9 5.5 19.53 3.0 19.9 6.6 19.30 3.16

STAI: State Trait Anxiety Inventory; TAS-20: Toronto Alexithymia Scale-20; ERQ: Emotion Regulation Questionnaire; SSS: Sensation
Seeking Questionnaire.
M, mean; SD, standard deviation; PA, population average; PA SD, standard deviation of population average.
PA for STAI: Spielberger, 1970; PA for TAS-20: Parker et al., 1993; PA for ERQ: Abler et al., 2009; PA for ERSQ: Berking et al., 2008;
PA for SSS: Beauducel et al., 2003.
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category*group: F(2,178) 5 2.58, p 5 0.09), but only a main
effect of task (F(1,18) 5 15.79, p< 0.001).

The absence of group differences at the behavioral level
does not necessarily indicate the use of equal emotion reg-
ulation strategies, which most likely would play out more
strongly in real-world situations. However, it indicates
similar performance in emotion regulation in the task in
the scanner.

Behavioral Results

Emotion induction

After scanning, subjects rated their ability to regulate
their emotions during the study (1 5 very bad to 7 5 very
good) as above the mean of the rating scale for Increase
(IAPS: M 5 4.49, SD 5 1.31, t(58) 5 5.77, p< 0.001; film clips:
M 5 4.62, SD 5 1.25, t(58) 5 6.88, p< 0.001) and Decrease
(IAPS: M 5 4.23, SD 5 1.22, t(58) 5 4.63, p< 0.001; film clips:
M 5 4.31, SD 5 1.28, t(58) 5 4.84, p< 0.001), and for their
ability to vividly put themselves into the depicted situa-
tion (IAPS: M 5 4.99, SD 5 1.07, t(58) 5 10.64, p< 0.001; film
clips: M 5 5.33, SD 5 1.19, t(58) 5 11.79, p< 0.001).

To assess whether the stimuli induced the desired emotion,
subjects rated all previously seen film clips on valence and
arousal in a post-scan rating session on a nine-point Likert
scale. Applying a 2 (stimulus category: IAPS, film clips) 3 2
(emotional category: negative/sports film clips, neutral)
repeated measures ANOVA, we observed a significant main
effect for stimulus category (F(1,58) 5 303.0, p< 0.001) and
emotional category (F(1,58) 5 194.55, p< 0.001), as well as a
significant interaction effect between both factors
(F(1,58) 5 88.81, p< 0.001). Post-hoc t-test showed that nega-
tive IAPS pictures were rated more negatively than extreme
sports film clips (t(58) 5 216.75, p< 0.001). Neutral film clips
were rated less negatively than neutral IAPS pictures
(t(58) 5 12.90, p< 0.001). Negative IAPS pictures were rated
more negative than neutral ones (t(58) 5 220.41, p< 0.001)
and extreme sports film clips were perceived more negative
than neutral film clips (t(58) 5 24.21, p< 0.001). Similar effects
were observed for arousal ratings. The ANOVA revealed sig-
nificant main effects for stimulus category (F(1,58) 5 28.43,
p< 0.001) and emotional category (F(1,58) 5 332.67, p< 0.001)
as well as an interaction effect between both factors
(F(1,58) 5 10.60, p< 0.01). Negative IAPS pictures were rated
less arousing than extreme sports film clips (t(58) 5 23.21,
p< 0.01). Neutral IAPS pictures were rated less arousing than
neutral film clips (t(58) 5 25.49, p< 0.001). Extreme sports
film clips and negative IAPS pictures were rated more arous-
ing than their neutral counterparts (extreme sports film clips:
t(58) 5 14.63, p< 0.001; IAPS: t(58) 5 16.64, p< 0.001). As
expected, negative IAPS pictures were rated as being more
negative than film clips, but film clips were rated as being
more arousing, indicating that the experimental manipulation
was successful.

Skin conductance measures were acquired during scan-
ning and provided additional evidence that the emotion

induction was successful. A 3 (task: Increase, Decrease, Look)
3 2 (stimulus category: IAPS, film clips) repeated measures
ANOVA showed main effects of task (F(1,45) 5 3.81,
p< 0.05) and stimulus category (F(1,46) 5 27.45, p< 0.001),
but no significant interaction effect (Fig. 3A). The skin con-
ductance response amplitudes were significantly greater for
extreme sports film clips compared to IAPS pictures
(t(46) 5 5.23, p< 0.001), and within the film clips condition a
significant difference between Increase and Decrease was
observed (t 5 46) 5 2.15, p< 0.05), confirming the rating
results. A significant difference between Increase and Look
within the IAPS condition was also observed (t 5 46) 5 2.36,
p< 0.05).

Emotion regulation

In addition to the postscan measures, participants rated
their emotional state (on a scale from 25 to 15) after each
trial in the scanner. A significant main effect was found
for task condition (Increase, Decrease, Look; F(1,58) 5 47.53,
p< 0.001) and stimulus category (IAPS, film clips;
F(1,58) 5 118.83, p< 0.001), as well as an interaction effect
between task and stimulus category, bordering significance
(F(1,58) 5 2.95, p 5 0.05) (Fig. 3B). Significantly greater neg-
ative affect was reported for the IAPS pictures compared
to the film clips for all task conditions (Look:
t(58) 5 210.78, p< 0.001; Increase: t(58) 5 29.21, p< 0.001;
Decrease: t(58) 5 211.20, p< 0.001). These ratings also
allowed us to determine whether emotion regulation was
successful. Subjects reported significantly more negative
emotions when intentionally upregulating compared to
when downregulating emotional responses for both stimu-
lus categories (film clips: t(58) 5 26.14, IAPS: t(58) 5 27.73,
p< 0.001), and the reappraisal conditions significantly dif-
fered from Look in the expected direction (Increase> Look:
film clips: t(58) 5 25.86, p< 0.001; IAPS: t(58) 5 28.01,
p< 0.001; Look>Decrease: film clips: t(58) 5 2.21, p< 0.05;
IAPS: t(58) 5 3.52, p 5 0.001), confirming the successful
increase or decrease of emotional responses. Participants
were more effective in emotion regulation for the Increase
condition compared to the Decrease condition, as can be
seen when ratings were converted into Effectiveness scores
(t(58) 5 3.57, p< 0.001) (see Experimental Procedures). A 2
(task: Increase, Decrease) 3 2 (stimulus category: IAPS, film
clips) ANOVA revealed a significant main effect for task
(F 5 (1,58) 5 12.89, p< 0.001) (Fig. 3C). The difference in
effectiveness for Increase and Decrease was more pro-
nounced for film clips (t(58) 5 3.86, p< 0.001).

As the sample consisted of novice and experienced sky-
divers/BASE jumpers as well as participants with no
experience in skydiving/BASE jumping, we investigated
the association of reappraisal success and sports experi-
ence represented in the total number of jumps. A partial
correlation (controlling for age) between reappraisal suc-
cess and number of jumps did not reveal any significant
results (IAPS: r 5 0.05, p 5 0.74; Film Clips: r 5 0.19,
p 5 0.25).
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fMRI Results

Identification of the general emotion regulation network

(GERN) using mean activation-based analysis

Results from the first contrast between both regulation
goals (Decrease, Increase) against the control trials (Look) are
shown in Figure 4A and Table III. This analysis was con-
ducted separately for film clips and IAPS pictures (see
Data Analysis for details) and included all regions, which
were activated during either reappraisal condition. Con-
sistent with previous work we found enhanced activity in
a number of prefrontal regions in response to the reap-
praisal goals in dorsal and ventral PFC, including bilateral
IFG, left middle frontal gyrus (MidFG), and left superior
frontal gyrus (SFG). MPFC regions included anterior cin-
gulate cortex (ACC), supplementary motor area (SMA),
and DMPFC. Posterior cortical regions included the left
inferior parietal lobe (IPL), bilateral angular gyrus, bilat-
eral supramarginal gyrus, bilateral precuneus, and bilat-
eral middle temporal gyrus (MTG). Note that the activated
network for reappraisal was more widespread for film
clips than for IAPS pictures.

Regional average activation differences between

reappraisal goals within the GERN

The following analysis was restricted to the GERN iden-
tified in Step 1. The contrast between Increase versus
Decrease revealed only differences in signal change during
the film clips condition, as shown in Figure 4B and
reported in detail in Table IV. The reverse contrast, analyz-
ing for more activation for Decrease versus Increase, did not
show significant effects for any stimulus condition.
Regional-average activation differences between reap-
praisal goals were found in the dorsal and ventral PFC
(IFG, SFG), MPFC (SMA, DMPFC), and posterior cortical
regions (angular gyrus, supramarginal gyrus, precuneus,
MTG). All other regions within the GERN were activated
by both reappraisal goals similarly as no differences in
local average activation were observed. These comprised a
set of prefrontal regions (SFG, IFG, MidFG) and posterior
cortical regions including IPL, superior parietal lobe (SPL),
and MTG, which were subsequently used as ROIs for the
pattern-based classification analysis.

Investigation of the representational content of the

GERN regions using pattern-information analysis

In this analysis step, we aimed to detect goal-specific
activation patterns within those GERN regions in which
differences in regional-average activation for both reap-
praisal goals were absent. No differences between activa-
tion patterns would point to a general involvement in
emotion regulatory processes (for example, by general
arousal up- or downregulation processes for both goals),
while systematic, informative differences in patterns (i.e.,

Figure 3.

(A) Skin conductance responses during scanning. Mean changes

in electrodermal activity as a function of experimental condition

and stimulus category. (B) Emotional state ratings as a function

of task condition and stimulus category. After each emotion reg-

ulation phase, subjects rated their current emotional state on a

scale from 25 (very negative) to 15 (very positive). (C) Effec-

tive emotion regulation during scanning. Mean success scores as

a function of task condition and stimulus category. Error bars

represent standard errors. ***Indicates significant difference

between conditions at p< 0.001 and * at p< 0.05.
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Figure 4.

(A) Effects of reappraisal. Contrast [(Increase>Look) OR (Decrease>Look)] for film clips (yellow)

and IAPS (red). (B) Contrast between Increase>Decrease for film clips (yellow) overlaid on the

General Emotion Regulation Network (GERN) indicated in white. The same contrast for IAPS

did not reveal any significant clusters at this threshold.



the predictability of strategies from activation patterns)
would point to a representation of reappraisal goals in these
areas. To test whether regulation goals were represented
in such an arousal-independent manner, we applied
MVPA to the eight ROIs obtained in Step 2: left SFG, bilat-
eral IFG, bilateral MidFG, left IPL, left SPL and left MTG
(Fig. 5A, details in Table I). We trained a linear support
vector machine classifier [Chang and Lin, 2011] on fine-
grained activation patterns in these ROIs, and then tested
whether these allowed for the prediction of the reappraisal
goals using independent data (see Data Analysis for
details). MVPA was performed for both stimulus condi-
tions separately.

For IAPS pictures, Increase and Decrease could success-
fully be decoded from left IPL, left MidFG, left SPL, and
right IFG, shown in Figure 5B and Table V (upper panel).
Left SFG, IFG, IPL, MTG, SPL, and bilateral MidFG signifi-
cantly decoded the two reappraisal goals during the film
clips runs, shown in Figure 5B (middle panel). These
results demonstrate that in reappraisal regions that lack
local average activation differences, robust spatial pattern
differences were nevertheless present, and these regions

contained representational information about the emotion
regulation goals.

We additionally performed a cross-condition classification
analysis (Bode et al., 2013), for which the classifiers were
trained on IAPS and tested on film clips, and vice versa. This
analysis allowed us to test for a stimulus-independent coding of
reappraisal goals in the ROIs. We found that goal-associated
activation patterns in the left SFG, left IPL, bilateral MidFG,
and right IFG were highly similar for pictures and film clips
as bidirectional cross-decoding was successful, shown in Fig-
ure 5B (lower panel).

Relation between emotion regulation success

and neural representations of reappraisal goals

We then sought to establish a relation between behav-
ioral performance and the neural representations of reap-
praisal goals, as revealed by MVPA. Specifically, we tested
the hypothesis that subjects’ behavioral ability to up- or
downregulate their emotions (reappraisal success score)
depended on the distinctness of the underlying neural rep-
resentations. The distinctness of the neural representations
was measured in MVPA classification accuracy (i.e., the
separability of the multivoxel spatial patterns for Increase
and Decrease) and correlated with the individual subjects’
reappraisal success scores. This analysis was conducted
separately for film clips and IAPS pictures. Note that sub-
jects were significantly more successful in up- compared

TABLE III. GERN (Whole Brain Univariate Analysis)

Coordinates

Region Size t-value p x y z

Increase>Look (IAPS)

R Supp. Motor Area 265 7.56 0.001 3 5 64
L Hippocampus 122 7.19 0.001 215 237 16
R Hippocampus 130 6.24 0.001 33 243 4
R Cerebellum 181 5.90 0.001 27 255 226
Look>Increase (IAPS)

R Angular Gyrus 139 6.51 0.001 39 261 52
Decrease>Look (IAPS)

No sign. regions
Look>Decrease (IAPS)

No sign. regions
Increase>Look (Film Clips)

L Supp. Motor Area 2587 11.78 0.001 26 5 61
L Inferior Frontal Gyrus 11.69 0.001 248 23 28
L Cerebellum 780 11.60 0.001 242 261 229
L Supramarginal Gyrus 1112 11.57 0.001 254 252 31
L Precuneus 10.02 0.001 23 258 61
R Insula 122 9.04 0.001 48 23 28
R Inferior Frontal Gyrus 8.40 0.001 54 20 1
L Middle Frontal Gyrus 145 8.82 0.001 230 56 16
L Thalamus 114 8.09 0.001 21 213 16
Look>Increase (Film Clips)

No sign. regions
Decrease>Look (Film Clips)

L Inferior Frontal Gyrus 288 6.44 0.001 248 35 25
L Supp. Motor Area 158 6.29 0.001 26 8 61
Look>Decrease (Film Clips)

No sign. regions

L, left. R, right. Coordinates refer to MNI coordinate system.
p< 0.05 FWE corrected (k> 100).

TABLE IV. Contrast between Task Conditions (Masked

with GERN)

Coordinates

Region size t-value p x y z

Increase>Decrease (IAPS)

No sign. regions
Decrease>Increase (IAPS)

No sign. regions
Increase>Decrease (Film Clips)

L Angular Gyrus 476 8.54 0.001 251 252 31
R Medial Superior

Frontal Gyrus
1803 7.54 0.001 3 32 52

L Supplementary Motor Area 7.03 0.001 29 21 64
L Insula 498 6.70 0.001 230 26 28
L Inferior Frontal Gyrus 6.56 0.001 242 23 28
R Supramarginal Gyrus 150 6.05 0.001 66 243 25
R Middle Temporal Gyrus 5.00 0.002 42 246 19
L Caudate 239 5.74 0.001 215 11 13
R Thalamus 5.64 0.001 12 222 19
L Thalamus 5.49 0.001 29 219 19
L Precuneus 344 5.63 0.001 23 249 58
R Fusiform Gyrus 127 5.66 0.001 36 273 217
L Cerebellum 130 5.49 0.001 215 285 217
Decrease>Increase (Film Clips)

No sign. regions

L, left. R, right. Coordinates refer to MNI coordinate system.
p< 0.05 FWE corrected (k> 100).
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to downregulation of emotion independent of stimulus
category.

The results show that the separability of the spatial pat-
terns during the film clip runs in left IFG, left IPL, and left
MTG significantly predicted how well the subjects could
regulate their emotions (IFG: r 5 0.26 p< 0.05; IPL: r 5 0.27,

p< 0.05; MTG: r 5 0.48, p< 0.001). As our sample consisted
of participants with a wide range of experience in emotion
regulation in relevant real-life situations including novice
and experienced extreme sports participants as well as
participants with no extreme sports experience, we con-
trolled for age and experience in sports in terms of total

Figure 5.

(A) Subtracting regions that showed goal-specific activation dif-

ferences (Increase>Decrease; Decrease>Increase) from the Gen-

eral Emotion Regulation Network (GERN) resulted in regions of

interests (ROIs) for the multivoxel pattern analysis (MVPA): Left

inferior drontal gyrus (L_IFG, yellow), left superior frontal gyrus

(L_SFG, blue), left middle frontal gyrus (L_MidFG, green), left

intraparietal lobe (L_IPL, red), left superior parietal lobe (L_SPL,

turquoise), left middle temporal gyrus (L_MTG, pink), right mid-

dle frontal gyrus (R_MidFG, orange), and right inferior frontal

gyrus (R_IFG, violet). (B) Pattern classification results for reap-

praisal goals. The upper panel shows the results of the pattern

classification based only on IAPS. The middle panel displays the

results of the pattern classification based on the film clips. The

lower panel illustrates the results of the cross-condition decod-

ing. Error bars represent standard errors. ***Indicates signifi-

cance from chance level (50%) at p< 0.001, ** at p< 0.01, and *

at p< 0.05 (Bonferroni corrected).
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number of jumps. This was quantified using a partial cor-
relation analysis, which confirmed the significant positive
correlation after removing any effects of age and sports
experience (IFG: r 5 0.35, p< 0.05; IPL: r 5 0.40, p< 0.05;
MTG: r 5 0.54, p< 0.001), shown in Figure 6. The more dis-
tinguishable the underlying neural representations of the
reappraisal goals were for the classifier, the more success-
ful participants were in regulating their emotions. For
IAPS pictures all results were weaker in general and this
association was not significant.

Control analyses

First, we conducted a conjunction analysis searching for
GERN regions that were activated conjointly by up- and
downregulation dependent on stimulus type but exhibited
no differential activity between them. This analysis showed
that SMA, left IFG and left precuneus were jointly activated
by both up- and downregulation (Table VI). Furthermore,
we performed a broader, unrestricted conjunction analysis
searching for regions that were activated conjointly by the
up- as well as downregulation of emotion across stimulus
type on a whole-brain level. This analysis showed a more
extended network of regions implicating the SMA, bilateral
IFG, left angular gyrus, and left STG (Table VII); however,

it did not allow us to separate out the joint network for
both stimulus types. Both conjunction analyses confirmed
that parts of the GERN were activated by reappraisal for
both stimulus types.

Second, to identify regions in which the differential local
average activation for the reappraisal goals was modulated
by stimulus material, we directly contrasted Increase versus
Decrease as function of stimulus type. This analysis showed
that the Increase>Decrease activation difference was greater
for film clips compared to IAPS pictures in prefrontal
regions including medial SFG, MidFG, IFG, and posterior
cortical regions including angular gyrus (Table VIII). We also
conducted a whole-brain exploratory search for differential
average signal changes in response to both reappraisal goals
to determine regions that may have been missed in our
more constrained masked analysis, but no significant effects
were found for this contrast outside the GERN.

Third, to locate regions that might have been missed in
our constrained masked analysis, we applied the same
pattern classification analysis to all other brain regions,
sparing the GERN, using a searchlight approach (for
details see Methods). This approach controlled for the pos-
sibility that other regions, which did not show an overall
increase in signal change in response to reappraisal, could
still be involved in emotion regulation. Crucially, however,

TABLE V. MVPA Results

Accuracy

Pattern classification Region M SE t-value p-value Bonferroni

IAPS to IAPS L_SFG 56.44 2.42 2.65 0.01
L_IFG 56.10 2.41 2.52 0.01
L_IPL 58.13 2.11 3.84 0.0001 0.001
L_MidFG 57.79 2.08 3.74 0.0001 0.001
L_MTG 57.11 2.63 4.35 0.009
L_SPL 58.81 2.02 2.69 0.0001 0.001
R_IFG 57.79 2.58 3.02 0.004 0.05
R_MidFG 56.10 2.44 2.49 0.01

Film Clips to Film Clips L_SFG 64.40 2.45 5.86 0.0001 0.001
L_IFG 60.50 2.50 4.19 0.0001 0.001
L_IPL 60.84 2.40 4.50 0.0001 0.001
L_MidFG 58.81 2.54 3.45 0.001 0.01
L_MTG 58.81 2.85 3.09 0.003 0.05
L_SPL 57.28 2.09 3.48 0.001 0.01
R_IFG 56.27 2.36 2.64 0.01
R_MidFG 58.47 2.41 3.50 0.001 0.01

Cross Prediction L_SFG 57.54 1.69 4.45 0.0001 0.001
(IAPS to Fim Clips; L_IFG 54.32 1.94 2.22 0.03
Film Clips to IAPS) L_IPL 55.67 1.59 3.55 0.001 0.01

L_MidFG 55.84 1.90 3.07 0.003 0.05
L_MTG 53.55 1.36 2.60 0.01
L_SPL 52.20 0.81 2.70 0.009
R_IFG 56.27 2.04 3.07 0.003 0.05
R_MidFG 55.84 1.58 3.68 0.001 0.01

One sample t-tests against chance level (50%).
Bonferroni correction for 8 tests within each pattern classification.
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no regions carrying representational information about
reappraisal goals were found outside the GERN.

Fourth, we tested for group differences according to
sports experience. We performed a whole-brain analysis
using a threshold of FWE p< 0.05 (k> 100) for all relevant
contrasts (Increase>Look, Decrease> Look, Increase>Decrease,
Decrease> Increase) between groups (Control, Novice, Experts)
and for each stimulus category (IAPS, film clips). Only
one contrast revealed a significant result, [(Increasefilm-clips>

Lookfilm-clips)novice> (Increasefilm-clips> Lookfilm-clips)controls], in
the SMA (x 5 6, y 5 29, z 5 52; t 5 6.69, k 5 111).

DISCUSSION

Several models for the neural mechanisms underlying
emotion regulation have been put forth, all of them based
on the notion that prefrontal regions modulate amygdala
activity [Ochsner et al., 2012; Ochsner and Gross, 2005; Phil-

lips et al., 2008; Quirk and Beer, 2006; Wager et al., 2008].
Two important questions remain unanswered, however:
First, which brain regions exactly build the core within the
emotion regulation network, linking cortical control and
subcortical affective systems? Second, which brain regions
contain reappraisal goal-specific information?

This study used a combination of mean activation-based
and information-based analyses to identify the general
emotion regulation network (GERN) and regions that
encoded information of reappraisal goals. We found that
the different reappraisal goals were indeed represented in
distinct spatial neuronal patterns within the GERN, and
that the distinctness of those spatial patterns of brain acti-
vation further predicted individual differences in partici-
pants’ ability to successfully regulate their emotions.

The basic characterization of the GERN extends previ-
ous findings in two main aspects regarding stimulus mate-
rial and emotion regulation abilities. We included film
clips as stimulus material that created a more realistic

Figure 6.

Partial correlations between emotion regulation success and

decoding accuracies controlled for age and total number of

jumps. Each data point represents a measurement from one par-

ticipant (standardized residuals). The solid black lines indicate

the linear regression for each panel. Correlation coefficients and

statistical significance are denoted in the lower right corner of

each panel. *Indicates significant a significant correlation at

p< 0.05 and *** at p< 0.001.

TABLE VI. Conjunction Analysis: Emotion Regulation versus Look (Whole Brain Univariate Analysis)

Coordinates

Contrast Region L/R Size t-value p (FWE-corr.) x y z

IAPS: (Increase>Look)1
(Decrease>Look)

Supplementary Motor Area L 131 5.69 0.001 26 11 64

Film Clips: (Increase>Look)1
(Decrease>Look)

Cerebellum R 259 5.32 0.001 6 282 226

Inferior Frontal Gyrus L 492 5.04 0.001 248 35 25
Precuneus L 199 4.97 0.001 29 264 64
Supplementary Motor Area L 233 4.90 0.001 26 8 61
Hippocampus L 313 4.86 0.001 227 243 1

L, left. R, right. Coordinates refer to MNI coordinate system. p< 0.05 FWE corrected (k> 100).
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experience of highly salient emotional situations, and by
doing so we demonstrated the involvement of a broad net-
work of brain regions in emotion regulation. Furthermore,
our sample of participants had a wide range of experience
in emotion regulation in real-life situations similar to the
scenes depicted in the film clips, as we deliberately
included novice and experienced extreme sports athletes
as well as nonsports participants. Our findings can there-
fore be considered a robust demonstration of the GERN
across levels of experience and different stimulus catego-
ries, extending previous studies (e.g., Morawetz et al.,
2015; Drabant et al., 2009; Eippert et al., 2007; Kim and
Hamann, 2007; McRae et al., 2010; Ochsner et al., 2002,
2004a; Urry et al., 2009; Wager et al., 2008). Our results
align well with findings of prior studies on reappraisal
that consistently reported the recruitment of broad areas
of the PFC, including bilateral dorsolateral and ventrolat-
eral PFC (more left-lateralized), and regions of dorsal ACC
and MPFC [Buhle et al., 2013; Morawetz et al., 2015; Ochs-
ner et al., 2012; Ray and Zald, 2012]. Dorsolateral and
MPFC regions have been implicated in cognitive control,
strategy selection, implementation, monitoring, selective
attention, and working memory [Ochsner et al., 2012;
Ochsner and Gross, 2005]. Those PFC regions in conjunc-
tion with left ventrolateral PFC, appear to modulate the

neural processing of intensity and salience of emotional
responses in limbic brain regions [Goldin et al., 2008;
Ochsner et al., 2004a, 2012] via temporal and inferior pari-
etal lobe regions, which are involved in linguistic process-
ing [Geva et al., 2011a; Jones and Fernyhough, 2007], e.g.,
labeling affective stimuli [Iacoboni and Wilson, 2006].

Only very few studies so far examined different goals in
reappraisal [Ochsner et al., 2012]. Two studies directly
contrasted Increase versus Decrease [Eippert et al., 2007;
Ochsner et al., 2004b] and showed incoherent results.
Ochsner et al. [2004b] found enhanced responses in left
rostral MPFC and the posterior cingulate cortex during
Increase, whereas right DLPFC and lateral orbital PFC
were associated with greater signal changes during
decreasing emotions. In contrast, Eippert et al. [2007]
reported only significant activation for the Increase versus
Decrease contrast in the amygdala, right DLPFC, ACC and
right orbitofrontal cortex. Our findings are partly in accord
with both studies: a greater recruitment of left frontal
regions was found during upregulation [Ochsner et al.,
2004b], while there was no significant activation difference
for Decrease versus Increase [Eippert et al., 2007]. It has to
be noted, however, that we did not use the exact same
contrast as previous studies, which used a masking proce-
dure (e.g., Increase>Decrease was masked inclusively with

TABLE VII. Conjunction Analysis: Emotion Regulation versus Look across Stimulus Material (Whole Brain Univari-

ate Analysis)

Coordinates

Contrast Region L/R Size t-value p (FWE-corr.) x y z

(Increase>Look)1
(Decrease>Look)

Supplementary Motor Area L 875 13.34 0.001 23 11 64

Inferior Frontal Gyrus R 550 9.82 0.001 245 14 22
Cerebellum L 611 9.34 0.001 42 264 229
Superior Temporal Gyrus L 513 8.25 0.001 251 234 22
Angular Gyrus L 183 8.02 0.001 245 252 25
Inferior Frontal Gyrus L 157 7.87 0.001 51 14 1

L, left. R, right. Coordinates refer to MNI coordinate system. p< 0.05 FWE corrected (k> 100).

TABLE VIII. Contrast between Task Conditions in Respect to Stimulus Type (Whole Brain Univariate Analysis)

Coordinates

Contrast Region L/R Size t-value p (FWE-corr.) x y z

(Increase>Decrease)Film Clips>
(Increase>Decrease)IAPS

Medial Superior Frontal Gyrus R 440 7.87 <0.001 6 35 52

Angular Gyrus R 209 7.14 <0.001 57 252 34
Middle Frontal Gyrus R 175 6.77 <0.001 39 20 46
Inferior Frontal Gyrus L 121 5.77 <0.001 248 29 25

(Decrease>Increase)Film Clips>
(Decrease>Increase)IAPS

No sign. regions

L, left. R, right. Coordinates refer to MNI coordinate system. p< 0.05 FWE corrected (k> 100).
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Increase> Look). Furthermore, the differences in task condi-
tions in our study were only observed in the film clips
condition, while the other two studies used IAPS pictures.
Our study demonstrates that when realistic, highly engag-
ing stimulus material is used, pronounced differences in
activation between up- and downregulation of emotion
can be observed throughout the entire GERN. This is sup-
ported by the observation that the response to film clips
compared to the pictures was not only stronger at the neu-
ral level, but also at the level of subjective experience, as
expressed in higher arousal ratings and higher physical
arousal, as reflected in enhanced skin conductance
responses [Eippert et al., 2007; Urry et al., 2009].

Most regions involved in emotion regulation in our
study were activated in a goal-specific way. Importantly,
however, some brain regions within the GERN were likely
to be engaged in reappraisal processes in general, as they
showed an overall increase in activation, but no differen-
ces between reappraisal goals in average activation. These
regions, including several frontal (SFG, MidFG/DLPFC,
IFG), temporal (MTG), and parietal (IPL, SPL) regions,
nonetheless encoded information about the reappraisal
goal, which can be interpreted as reflecting systematic dif-
ferences in underlying neuronal population activity [Mur
et al., 2009]. Fine-grained neural activation patterns for
reappraisal goals in all these regions were further highly
stable and allowed accurately predicting reappraisal goals
across stimulus material, as demonstrated by our cross-
condition classification analysis (Bode et al., 2013). This
implies that reappraisal goals were encoded in an abstract
fashion, independent of the coding of specific stimulus cat-
egories. These are coding principles that could be expected
from higher level control regions that might modulate the
use of emotion regulation strategies.

A remaining possibility is that decoding in these regions
might reflect other correlated aspects of the task in addi-
tion to the reappraisal goals that the mass-univariate anal-
ysis was not sensitive for Todd et al. [2013]. However,
such potential confounds would be the same for the mass-
univariate analysis and all reported comparisons between
these goals. Reappraisal goals are complex and cannot be
fully decomposed based on any of our analyses alone.
However, meaningful differences in the neural patterns
underlying the representation of the up- and downregula-
tion of emotion that are not linked to strong differences in
overall activation, as demonstrated here, are likely to
reflect more abstract intrinsic properties of reappraisal
[Woolgar et al., 2014]. It has to be kept in mind that the
up- and downregulation of emotion investigated in this
study are complex processes and naturally involve differ-
ent subprocesses, e.g., different mental imagery. This
means, we cannot rule out that the representation of up-
and downregulation of emotion might be driven by these
different components rather than reflecting an abstract
code. However, with the current methodology, these sub-
processes appear inseparable from the specific strategies

and can be regarded as an integral feature of their repre-
sentation [Woolgar et al., 2014].

We further found that the same neural patterns in some
of these regions were predictive of participants’ reap-
praisal success. Specifically, a direct link between strategy
encoding and reappraisal success was found for left IFG,
IPL and MTG: The more separable participants’ neural
representations for Increase and Decrease were, the better
their ability to up- or downregulate emotions. Such a
direct link between the distinctness of neural spatial acti-
vation patterns and individual differences in behavior so
far has been restricted to perceptual discrimination [Rai-
zada et al., 2010] and has not been demonstrated for emo-
tion regulation before. This provides additional strong
evidence that left IFG, IPL, and MTG are involved in proc-
esses functionally highly important for emotion regulation
and that they form the core regions of the brain’s emotion
regulation network.

Conceptually, our findings align well with the recently
revised MCCE [Ochsner et al., 2012], which comprises
three neural systems involved in reappraisal: the first sys-
tem implicated in the cognitive modulation of emotional
responses based upon prefrontal and parietal areas; the
second system implicated in generating emotion repre-
sented by ventral striatum, amygdala, ventromedial PFC,
and insula; the third system implicated in representing the
perceptual and semantic properties of stimuli and playing
an intermediary role between both aforementioned sys-
tems based on temporal regions [Ochsner et al., 2012]. We
identified regions within the first system (SFG, MidFG/
DLPFC, IFG, IPL, SPL) and the third system (MTG) that
contained representational information about both reap-
praisal goals, supporting the idea that emotion regulation
processes are instantiated in those regions. Moreover, we
demonstrated that behavioral success in emotion regula-
tion depends upon the properties of neural representations
in a subset of these regions, namely the left IFG, MTG,
and IPL. One likely account for these results might be the
involvement of inner speech [Geva et al., 2011b; Girbau,
2007; Shergill et al., 2003] and semantic memory [Badre
and Wagner, 2007; Binder and Desai, 2011; Thompson-
Schill, 2003], which have been associated with activity in
all three regions.

The ability of silent self-directed inner speech appears to
be tightly connected to emotion regulatory processes as
reappraisal can be thought of as an intrinsically linguistic
strategy [Bronowski, 1977, 1979; Luria, 1962; Vygotsky,
1962]: it comprises a set of cognitive processes which help
to re-evaluate the experienced emotion [Gyurak et al.,
2011], which include the active reinterpretation of the
meaning, cause, consequence, or personal significance of
the emotion-inducing stimulus by means of verbal labeling
[Ochsner and Gross, 2008]. Left IFG, MTG, and IPL are
implicated in the generation of inner speech [Geva et al.,
2011b; Girbau, 2007; Jones and Fernyhough, 2007; Morin
and Hamper, 2012; Shergill et al., 2003], especially during
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emotion tasks (e.g., evaluating one’s emotional response to
a stimulus) [Morin and Hamper, 2012; Morin and
Michaud, 2007]. Inner speech as a central underlying
mechanism for emotion regulation might serve not only
the accurate identification of one’s current emotions through
verbal labeling [Morin, 2005; Ochsner et al., 2004a] but also
the effective modulation of one’s current emotions in terms
of cognitive reappraisal. In line with our proposal of inner
speech processes as underlying mechanism of emotion reg-
ulation, a recent meta-analysis highlighted the role of IFG in
language processing during emotion regulation [Kohn et al.,
2014]. A meta-analytic connectivity modeling approach
showed that the functional role of IFG during emotion regu-
lation is most likely associated with language and that IFG
is primarily involved in tasks including word generation,
reading, and episodic recall [Kohn et al., 2014]. In support of
this account, the observed regions have also been implicated
in semantic memory, that most likely represents a prerequi-
site for inner speech processes. While left IFG has been
involved in the effortful selection of semantic information,
IPL and MTG have been associated with the storage of the
actual content of semantic knowledge [Binder and Desai,
2011]. In terms of emotion regulation this means that IFG
might be implicated in the selection of the appropriate reap-
praisal content, while parietal and temporal regions could
provide the semantic information retrieved from the emo-
tional stimulus that is needed for the reinterpretation of the
meaning of the stimulus. Thus, inner speech and related
semantic memory processes may serve as potential basic
mechanisms underlying successful emotion regulation.

Consequently, we suggest extending the MCCE by add-
ing another subsystem that underlies inner speech and
semantic memory, comprising left IFG, MTG, and IPL. Fur-
ther support for the hypothesis of a sub-system comprising
these areas stems from diffusion tensor imaging studies
(DTI) demonstrating a high interconnectivity between IFG,
MTG, and IPL [Geva et al., 2011a]. Moreover, a DTI study
demonstrated projections from left IFG to temporal and
frontal regions via dorsal and ventral pathways, the latter
encompassing the basal forebrain including the amygdala
complex [Anwander et al., 2007]. The left IFG might there-
fore link the prefrontal control system to the affective
appraisal system to orchestrate emotion regulatory proc-
esses. This refinement of the MCCE may shed light on how
prefrontal cortex downregulates limbic regions during reap-
praisal processes.

Note that the goal of the study was not to investigate indi-
vidual differences of particular subregions of the GERN,
recruited for different regulation goals in people with differ-
ent experiences. We deliberately included participants with
a wide range of experience, as well as different materials
(film clips and pictures) and different goals (up- and down
regulation) to capture the maximal extent of the GERN
rather than different core configurations. This, of course,
also means that the network as revealed here cannot easily
be generalized to be representative for every person in all

possible scenarios. The inclusion of such a wide range of
experience, however, allowed us to ensure that novice and
professional “regulators” were equally represented and no
group was overlooked, which would have led to an inad-
equate characterization of the GERN. The absence of behav-
ioral differences in emotion regulation and in regulation
success between the participant groups with different expe-
rience further points to the possibility that other factors than
experience alone might be important for understanding
individual differences in emotion regulation. These ques-
tions, however, were beyond the scope of this study.

It has to be noted that, as we did not obtain valence rat-
ings during scanning, we cannot rule out that the film clips
sometimes might have induced a positive instead of a nega-
tive valence, although SCRs indicate effects of increased
arousal and ratings indicate changes in emotional state. If
the film clips were not perceived as negative, then the sub-
jects’ emotional state ratings should be more positive during
the Look and Decrease condition, an account which is contra-
dicted by our behavioral results. A previous study [Kim and
Hamann, 2007] investigated the up- and downregulation of
emotions in response to positive and negative pictures and
found that similar regions were activated independent of
the valence of the stimuli. This indicates that the valence of
the stimuli might not affect emotion regulation processes to
a great extent. Furthermore, Ochsner et al. [2012] showed in
a meta-analysis that reappraisal of both negative and posi-
tive stimuli depends upon left-hemispheric regions and that
activation patterns are highly overlapping. Thus, even if the
subjects perceived some of the stimuli as slightly positive,
this does not invalidate our manipulation and also does not
affect the interpretation of the results.

Furthermore, it is important to note that the IAPS pic-
tures and the film clips differed in various aspects such as,
e.g., the size of the stimuli, the motion component, content,
valence, and arousal. However, both stimulus categories
induce various kinds of emotions, ranging from anxiety,
fear, disgust to thrill, allowing participants to regulate the
negative aspect of these emotions in both cases. In conse-
quence, the cognitive processes underlying the reappraisal
of all these emotional stimuli can be assumed to be highly
similar. In support, all regions that were found to be acti-
vated by emotion regulation for IAPS pictures were also
activated when film clips were used. The definition of the
core network of emotion regulation is based upon both
stimuli sets and the stimulus-independence of the GERN is
further supported by the cross-condition classification of
the MVPA which showed that both reappraisal goals are
represented in the identified ROIs independent of the stim-
ulus set used. The identification of the core emotion regula-
tion network of emotion regulation is consistent with
previous literature [Buhle et al., 2013; Frank et al., 2014;
Kohn et al., 2014; Ochsner et al., 2012] and extends previ-
ous process models [Kohn et al., 2014; Ochsner et al., 2012;
Phillips et al., 2008]. It is important to note, however, that
this network is restricted to the used stimulus sets.
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Importantly, however, as the core regions exhibited goal-
unspecific and stimulus-independent activity, we assume
the generalizability of this network to other kinds of emo-
tional stimuli.

CONCLUSIONS

In summary, our study provides evidence for a distrib-
uted network of lateral frontal, temporal, and parietal
regions implicated in reappraising emotional events. Fur-
ther, we identified a core system of emotion regulation
that represents strategies for up- and downregulation of
emotion in an abstract, stimulus-independent fashion. The
neural pattern-separability in a subset of these brain
regions (left IFG, MTG, and IPL) was directly related to
the success in emotion regulation. This direct association
between the distinctness of neural spatial activation pat-
terns and individual differences in behavior has only been
demonstrated in the perceptual domain so far. Given their
strong association with inner speech functions and seman-
tic memory, we conclude that those cognitive mechanisms
may be used for orchestrating emotion regulation. On a
neural level, we suggest that those brain regions, in which
reappraisal is represented, link the prefrontal regions
involved in cognitive control with the subcortical regions
involved in affective processes.
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