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ABSTRACT

The present case-control study investigated the processing of emotional pictures in excessive first-
person-shooter-video-players and control persons. All participants of the fMRI experiment were
confronted with pictures from four categories including pleasant, unpleasant, neutral content and pic-
tures from the first-person-shooter-video-game ‘Counterstrike’. Compared to controls, gamers showed
a significantly lower activation of the left lateral medial frontal lobe while processing negative emotions.
Another interesting finding of the study represents the higher activation of frontal and temporal brain
areas in gamers when processing screen-shots from the first-person-shooter-video-game ‘Counterstrike’.
Higher brain activity in the lateral prefrontal cortex could represent a protection mechanism against
experiencing negative emotions by down-regulating limbic brain activity. Due to a frequent confronta-
tion with violent scenes, the first-person-shooter-video-gamers might have habituated to the effects of
unpleasant stimuli resulting in lower brain activation. Individual differences in brain activations of the
contrast Counterstrike > neutral pictures potentially resemble the activation of action-scripts related to

the video-game.

© 2011 Published by Elsevier B.V.

1. Introduction

Young adolescents spend many hours playing violent video
games every day. The nature of these games and their potential
consequences on psychological functioning are a matter of strong
and often emotional public debate. In particular, both mass media
reports and diverse research studies focus almost exclusively on
so called first-person-shooter-video-games, in which the player
moves through warlike scenarios and shoots enemies from a first-
person-perspective. Some researchers hypothesized that playing
violent video games has an effect on the gamer’s real life, e.g.
the confrontation with aggression in the video game leads to
aggressive behavior in the real world (Gentile and Gentile, 2007).
This view was corroborated with meta-analytic studies (Anderson
and Bushman, 2001; Anderson et al., 2010) based on behavioral
and questionnaire data showing a moderate link between violent
video game use and aggressive behavior. While questionnaire and
behavioral studies are of importance, new technologies such as

* Corresponding author at: University of Bonn, Department of Psychology, Kaiser-
Karl-Ring 9, D-53111 Bonn, Germany. Tel.: +49 228 73 4309; fax: +49 228 73 62331.
E-mail address: christian.montag@uni-bonn-diff.de (C. Montag).
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functional magnetic resonance imaging (fMRI) are able to draw
a more fine-tuned picture with respect to potential influences of
violent video games by providing a link between altered brain
activity and violent video gaming. fMRI techniques offer the pos-
sibility to test the hypothesis that excessive ego-shooter-gaming
results in a blunted response to negative emotional stimuli, thereby
preventing empathy and lowering the threshold for aggressive
behavior. Interestingly, studies in this important research field
are rather scarce. A study by Ko et al. (2009) found that pic-
tures taken from the role-playing game ‘World of Warcraft’ (WoW)
elicit brain activity in excessive gamers which was comparable
to activation patterns observed in drug abusers upon confronta-
tion with their drug. Recently, Regenbogen et al. (2010) reported
that action video gamers are able to distinguish between real
life and virtual scenarios when confronted with images from a
first-person-shooter-video-game and similar scenarios set up with
actors. Earlier it has been shown that media violence exposure
explains individual differences in frontal lobe activation upon par-
ticipation in a counting stroop task (Mathews et al., 2005). Two
other seminal study (Mathiak and Weber, 2006; Weber et al., 2006)
recorded brain activity of trained action video gamers when being
confronted with different scenarios from an action video game.
Even though these studies made significant contributions to the
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field, they did not address a crucial point in the ongoing debate: do
the violent events experienced in the virtual world affect behav-
ior by an altered neuronal response to emotional stimuli of high
ecological validity? Answering this question is important, because
dysfunctions in neuronal circuits linked to emotional regulation
have been considered to lay ground for violent behavior (Davidson
et al., 2000).

The present study aims to investigate the influence of excessive
first-person-shooter-video-gaming on the processing of emotions.
Several studies have shown before that the presentation of pic-
tures from the International Affective Picture System, briefly called
IAPS (Lang et al., 1999) is a simple but effective design to elicit
pleasant and unpleasant emotions in and out the fMRI setting (e.g.
Montag et al., 2008a,b). If long term excessive gaming is really
associated with altered emotional processing, this should lead to
changes of the brain response in reaction to such ecological valid
emotional stimuli (e.g. a weaker response to unpleasant stimuli)
with potential consequences for real life. Furthermore, we included
original images from one of the most popular first-person-shooter-
video-games called ‘Counterstrike®’ as a fourth picture category
(besides pleasant, unpleasant, and neutral pictures). Since WoW
pictures elicited addiction-like brain activity in WoW gamers, we
were interested to see if these patterns would also be observable
in the present study when confronting ‘Counterstrike’ gamers with
screen-shots from the ‘Counterstrike’ game. Only males were con-
sidered for participation in the present study, because of the low
prevalence of female first-person-shooter-video-gamers.

2. Methods and materials
2.1. Participants

In total N=40 healthy male participants were included in our fMRI study. Of
the 40 subjects, 21 were experienced first-person-shooter-computer-gamers and
19 participants had no history of first-person-shooter-gaming and only little expe-
rience with other games (mainly card and sport games). The sample was matched
for age and several personality dimensions. The personality questionnaires EPQ-
R (Eysenck and Eysenck, 1968) and the anger scale of the ANPS (Davis et al.,
2003) were administered (for more information, see supplementary material). The
first-person-shooter-video-players were recruited via a prominently placed adver-
tisement on the website of Turtle Entertainment GmbH (http://www.esl.eu/de),
which is the most prominent online platform for first-person-shooter-computer-
gaming in Germany with 2.5 million registered users. The mean age of the sample
was 23.33years (SD=4.45). We only included males in the present study due to
the extremely low prevalence of female first-person-shooter-video-game-players in
the general population. Participants were screened for psychopathological or neu-
rological disorders, which led to exclusion from the study (one participants was not
recruited because of Cannabis use). Furthermore, all participants were free of drug
use (with the exception of smoking).

One individual in the control group reported having played a first-person-
shooter game two or three times seven years ago, which did not lead to exclusion
from the control group. Nine of the nineteen participants described themselves as
non-players of computer games (i.e. no kind of video-gaming at all). More informa-
tion on the participants, personality and computer-related variables can be found in
Table S1 of the supplementary material. All participants gave written consent to par-
ticipate in the study. The study was approved by the local medical ethics committee
of the University of Bonn, Germany.

2.2. Experimental design

30 images from four picture categories were chosen for a block design fMRI
experiment. Altogether, participants saw 24 blocks (four image categories x six
repeats) — each block consisting of five pictures. The picture categories are labeled
‘unpleasant,’ ‘pleasant,” ‘neutral’ and ‘Counterstrike.” We used visual material from
the IAPS catalogue (Lang et al., 1999). In order to elicit pleasant emotions, we
chose relevant stimuli for males including laughing and cheerful people, holiday
scenarios with beaches, and erotic depictions of females. Unpleasant images con-
sisted of disaster and accident scenes, disfigured faces and scenes where humans
are attacked. Neutral images included mosaic scenes and objects from everyday
life such as a chair or cup. The fourth picture category consisted of ‘Counterstrike’
images depicting scenarios from the game in which the player is attacked or shoots
another person. Although we are aware of the fact that many players use the blood-
less version of ‘Counterstrike’, we used images showing spilled blood after inflicted
injuries.

Each picture was presented for 4s. The pictures in each category were randomly
assigned. The same was true for the administration of block order. In order to make
sure that participants viewed the pictures and did not close their eyes, each block
was followed by a single control picture, where the participants had to push a but-
ton to decide if the present control picture had been shown in the preceding picture
block or not. Out of 24 possible clicks (as 24 control pictures were shown), partici-
pants clicked a mean of 23.31 (SD=0.60) times. Gamers did not differ significantly
from controls, here. Participants did not differ significantly in their recognition per-
formance either (mean correct answers of all participants: 22.38 (SD=1.14)), too.
Behavioral data of one person is missing. Thereby, both groups equally viewed and
recognized the presented pictures.

2.3. Statistical analyses

2.3.1. Description of sociodemographic variables and MRI analysis

We performed a series of ANOVAs to search for significant differences in person-
ality, sociodemographic variables, computer and action/horror movie consumption
between ego-shooter-computer-gamers and controls. As stated previously, age
did not differ significantly between first-person-shooter-computer-gamers and
controls. Education scores differed significantly (Chi?=9.46, p=0.03) with higher
education scores in the non-player group. Given the number of tests conducted for
personality and sociodemographic variables (see Table S1 in supplementary mate-
rial), this difference was not significant after correction for multiple testing. Of much
greater interest in the context of the present study, is the fact that there were no
significant differences in the personality variables of neuroticism, extraversion, psy-
choticism and anger, which are all known to influence the processing of emotional
pictures.

2.3.2. Description of fMRI preprocessing and fMRI analyses

We used an echoplanar imaging (EPI) sequence with the following proper-
ties: number of slices=31, TR=2.5s, TE=45ms, slice thickness=3 mm and a 90°
flip orientation. The slices were acquired in an AC-PC orientation, with a FOV of
192 mm and were acquired in an ascending manner with a standard 8 channel head
coil. The MRI scanner was a Siemens (Erlangen, Germany) Avanto with 1.5T field
strength. Preprocessing of the functional images was implemented using the Mat-
lab based (The MathWorks, Inc.) software SPM8 (http://www.fil.ion.ucl.ac.uk/spm)
and included realignment, coregistration, slice timing correction and smoothing
with an 8 mm filter as well as normalization on MNI standard (Evans et al., 1993,
http://www.bic.mni.mcgill.ca). General linear models (GLMs) were estimated using
a hemodynamic response function (HRF) and a high pass filter of 128 Hz as well
as correction for autocorrelations. For the analysis, we defined four regressors of
interest per subject in addition to six movement regressors: one for each condition
(see above for details). They were entered into a 2nd level random effects model. All
results presented were thresholded at p <0.05 FWE-corrected for main effects and
p<0.001 uncorrected for group comparison with an extent-threshold of 10 voxels.

3. Results

As a first step, we contrasted the brain activity of the emo-
tional picture conditions with the neutral conditions in the entire
sample. The contrasts pleasant > neutral, unpleasant > neutral, and
emotion (pleasant and unpleasant taken together) > neutral yielded
significant results after conservative FWE correction (p<0.05).
Brain activity in limbic areas was especially significant. Please see
Tables S3-S5 in supplementary material for exact information on
activation clusters. In this context we also contrasted the ‘Counter-
strike’ picture condition with the neutral picture category. Among
others, activation clusters in the left and right fusiform gyrus, right
medial temporal lobe and left occipital lobe could be observed
(FWE corrected, p<0.05). A full description of all significant brain
clusters for this contrast can be found in Table S6 of the supple-
mentary material.

The focus of our statistical analyses was to test for differ-
ences between the groups of first-person-shooter-video-gamers
and control persons regarding the processing of the four pic-
ture categories. Here, significantly higher activations could be
observed in control persons compared to the first-person-shooter-
video-gamers for the processing of negative emotions (contrast
unpleasant > neutral, but not the contrast neutral > unpleasant) (see
Table 1 and Fig. 1). The largest significant clusters in the control per-
sons could be observed in the left medial frontal lobe, the left medial
temporal lobe and the left superior parietal lobe (the complete
activation clusters are reported in Table 1; p<0.001, uncorrected,
k>10). No group differences in both directions (gamers > controls;
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Fig. 1. Significantly higher brain activation in controls compared to first-person-shooter-video-gamers in the contrast unpleasant > neutral pictures (p <0.001, uncorrected,
k>10).

Fig. 2. First-person-shooter-video-gamers had significantly higher brain activations compared with controls in the contrast Counterstrike > neutral pictures in the dorsolateral
prefrontal cortex (p <0.001, uncorrected, k> 10).
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Table 1
Group differences for the contrast negative >neutral pictures (p<0.001, uncor-
rected, k>10).

Coordinates of Clustersize Z-score

peak (MNI) of peak
Control > Gamer
Right inferior temporal lobe 60/31/17 25 5.00
Left medial frontal lobe —33/47/-2 72 4.61
Left superior parietal lobe —33/-58/58 49 4.51
Left medial temporal lobe —60/-46/-14 46 4.51
Left medial frontal lobe —48/14/49 5 3.64
Left inferior parietal lobe —48/-49/52 5 3.56

controls > gamers) for the contrasts pleasant>neutral could be
observed. In Table 2, individual differences are shown for the
contrast Counterstrike > neutral picture condition. Gamers showed
significantly higher activation of several brain clusters in the tem-
poral and frontal lobe (p<0.001, uncorrected, k>10), while the
opposite contrast did not show significantly stronger activation in
the control group. Please also see Fig. 2.

4. Discussion

The aim of the present study was to investigate the processing
of emotions in trained action video players and control persons. We
showed that excessive first-person-shooter-video-gamers exhibit
differences in the neural processing of unpleasant emotions, likely
involving top-down effects on emotional control. A significantly
higher activation of the left lateral frontal cortex turned up in
the non-gamer group. This brain region is involved in the inte-
gration of emotion and cognition (Gray et al.,, 2002). Thus, the
unpleasant IAPS pictures might not have only produced negative
emotions in all participants of our study but also triggered a cogni-
tive defense mechanism in the control persons to repress unwanted
negative emotions. Recently, a study (Levy and Anderson, 2008)
corroborated this idea by showing that activity of the lateral pre-
frontal cortex is able to suppress unwanted memories. Probably, the
stronger brain activity of the lateral prefrontal cortex in the con-
trols compared to gamers reflects the same psychological process
in the present picture perception paradigm. Another recent study
demonstrated that the lateral prefrontal cortex is also involved
in the regulation of attention and awareness processes (Asplund
etal,, 2010). Given the difference of activity in the lateral prefrontal
cortex between our investigated experimental groups, gamers
and non-gamers might differ in the experienced salience of the
administered unpleasant stimuli. This might be a consequence of
a psychological habituation process because the gamer group is
confronted with violent scenes more frequently in their daily life.
This new finding of a stronger activity of the lateral prefrontal cor-
tex in control persons can be interpreted as a potential resilience
factor when dealing with emotional stress (Hooker et al., 2010).

Table 2
Group differences for the contrast Counterstrike > neutral pictures (p <0.001, uncor-
rected, k>10).

Coordinates of Clustersize Z-score

peak (MNI) of peak
Gamers > Controls
Left calcarine —6/-55/4 405 5.39
Left insula -33/-10/22 21 4.88
Right medial occipital cortex 42/-76/37 101 435
Left medial temporal lobe —63/-49/7 9 4.21
Right superior temporal lobe 51/-37/7 16 3.99
Left inferior temporal lobe -57/-58/-8 15 3.95
Right supramarginal cortex 66/—-37/40 7 3.77
Right olfactory cortex 3/17/-2 9 3.75
Right inferior frontal cortex 48/35/13 6 3.72
Right frontal inferior cortex 42/14/37 13 3.65

Alternatively, the lower activity of the lateral prefrontal cortex in
gamers can be interpreted as a dampening of experienced empathy
elicited by the harm of a third person. In line with this, several stud-
ies demonstrated that the lateral prefrontal cortex is also involved
in the evaluation and labeling of emotions (Lieberman et al., 2007;
Ochsner et al., 2002), and therefore serves psychological functions
of high importance in social interactions. In line with our findings
are also the observations (Mathews et al., 2005) reporting lower
frontal activations in participants with high media violence expo-
sure in a cognitive counting stroop task.

The findings are also of interest in the context of Gray and
McNaughton’s revised reinforcement sensitivity theory (2000).
Both authors argue that a behavioral inhibition system (BIS) is trig-
gered in situations of high uncertainty leading to careful approach
behavior. This careful approach behavior is shown by the organ-
ism to gain more insights on the possible dangerousness of the
uncertain situation. It could be argued that experienced first-
person-shooter-video-players are characterized by a habituated
BIS circuit in response to unpleasant (and violent) scenes with the
consequence of disinhibited behavior towards such stimuli. This
idea clearly warrants more research in the future, because the BIS
system is strongly anchored in the hippocampal-amygdala circuit
and the present findings refer to differences in the top-down reg-
ulation of emotions linked to the prefrontal cortex.

A second aim of the study was to investigate the brain
activity when gamer and control persons are confronted with
images from the ‘Counterstrike’ first-person-shooter-video-game.
The group of first-person-shooter-gamers showed significantly
higher activation of both frontal and temporal areas for the contrast
‘Counterstrike’ vs. neutral pictures. This was not in line with our
hypothesis, because we hypothesized addiction-like brain activity,
as observed in WoW players (Ko et al., 2009). The observed higher
activity in the dorsolateral prefrontal cortex and temporal lobe
areas in first-person-shooter-video-gamers might reflect the plan-
ning of game moves related to the ‘Counterstrike’ computer game
which is accompanied by an activation of both working memory
as well as the processing of game-relevant information from long
term memory. Therefore, higher activity in the dorsolateral pre-
frontal cortex and temporal lobe areas in the experimental group
reflects automatized neuronal processing relevant for a successful
outcome in ego-shooter games.

In sum, to our knowledge the present study for the first time
investigated the influence of excessive first-person-shooter-video-
gaming on the processing of emotions by using emotional pictures
of high ecological validity. Control persons showed a significantly
higher activation of the lateral prefrontal cortex potentially reflect-
ing a repression strategy with regard to unpleasant stimuli, which
is missing in the computer gamers. Moreover, the expert ‘Coun-
terstrike’ gamers showed a stronger activation of dorsolateral
prefrontal cortex and temporal areas of the brain in reaction to
‘Counterstrike’ pictures, which might reflect the activation of action
scripts related to the first-person-shooter-video-game. A limitation
of the present study is its correlational nature; longitudinal stud-
ies or action video training studies such as reported in the context
of cognition (Green et al., 2010) are needed in order to establish
causality in the hypothesis that gaming leads to differences in brain
activity. However, given the careful selection of the participants
in the present study (excessive gamers vs. controls not differing
in gender, age or personality variables) and the corroborating evi-
dence from other studies, it is likely that the observed effects are a
consequence of gaming.

Acknowledgment

We thank Ralf Reichert, Ibrahim Mazari and Matthias Flierl
from the Turtle Entertainment GmbH for helping in recruiting

Please cite this article in press as: Montag, C., et al., Does excessive play of violent first-person-shooter-video-games dampen brain activity in
response to emotional stimuli? Biol. Psychol. (2011), doi:10.1016/j.biopsycho.2011.09.014

297

298
299


dx.doi.org/10.1016/j.biopsycho.2011.09.014

300
301
302
303
304
305
306
307
308

309

310

311

312

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333

G Model
BIOPSY 6458 1-5

C. Montag et al. / Biological Psychology xxx (2011) XXx—-xXx 5

first-person-shooter-video-gamers for the present study. More-
over, we would like to thank Justin Priem and Christian Hellrung
from the Turtle Entertainment GmbH for providing stills from the
Counterstrike computer game for the present study. None of the
here named persons influenced the scientific results in any way.
We thank Magdalena Jurkiewicz for editing the manuscript with
respect to language issues.

Bernd Weber is supported by a Heisenberg-Grant of the DFG
(WE 4427/3-1).

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.biopsycho.2011.09.014.

References

Anderson, C.A., Bushman, B.J., 2001. Effects of violent video games on aggres-
sive behavior, aggressive cognition, aggressive affect, physiological arousal, and
prosocial behavior: a meta-analytic review of scientific literature. Psychological
Science 12, 353-359.

Anderson, C.A., Shibuya, A., lhori, N., Swing, E.L., Bushman, BJ., Sakamoto, A.,
Rothstein, H.R., Saleem, M., 2010. Violent video game effects on aggression,
empathy, and prosocial behavior in eastern and western countries: a meta-
analytic review. Psychological Bulletin 136, 151-173.

Asplund, C.L, Todd, ]JJ., Snyder, A.P., Marois, R., 2010. A central role for the lat-
eral prefrontal cortex in goal-directed and stimulus-driven attention. Nature
Neuroscience 13, 507-512.

Davidson, RJ., Putnam, K.M., Larson, C.L., 2000. Dysfunction in the neural circuitry
of emotion regulation—a possible prelude to violence. Science 289, 591-594.

Davis, K.L., Panksepp, J., Normansell, L., 2003. The affective neuroscience personality
scales: normative data and implications. Neuro-Psychoanalysis 5, 57-69.

Eysenck, H.J., Eysenck, M.\W., 1968. The Manual to the Eysenck-Personality Inven-
tory. Educational and Industrial Testing Service, San Diego.

Gentile, D.A., Gentile, ].R., 2007. Violent video games as exemplary teachers: a con-
ceptual analysis. Journal of Youth and Adolescence 37, 127-141.

Gray, J.R., Braver, T.S., Raichle, M.E., 2002. Integration of emotion and cognition in
the lateral prefrontal cortex. Proceedings of the National Academy of Sciences
of the United States of America 99, 4115-4120.

Gray,].A., McNaughton, N.,2000. The Neuropsychology of Anxiety. Oxford University
Press, Oxford, England.

Green, C.S., Pouget, A., Bavelier, D., 2010. Improved probabilistic inference as a
general learning mechanism with action video games. Current Biology 20,
1573-1579.

Hooker, C.I., Gyurak, A., Verosky, S.C., Miyakawa, A., Ayduk, O., 2010. Neural activity
to a partner's facial expression predicts self-regulation after conflict. Biological
Psychiatry 67, 406-413.

Ko, C.H,, Liu, G.C,, Hsiao, S., Yen, ].Y., Yang, M ]., Lin, W.C,, Yen, C.F., Chen, C.S., 2009.
Brain activities associated with gaming urge of online gaming addiction. Journal
of Psychiatric Research 43, 739-747.

Lang, P.J., Bradley, M.M., Cuthbert, M., 1999. International Affective Picture System
(IAPS): Technical Manual And Affective Ratings. University of Florida Center for
Research in Psychophysiology, Gainesville.

Levy, BJ., Anderson, M.C., 2008. Individual differences in the suppression of
unwanted memories: the executive deficit hypothesis. Acta Psychologica 127,
623-635.

Lieberman, M.D., Eisenberger, N.I., Crockett, M.J., Tom, S.M., Pfeifer, ].H., Way, B.M.,
2007. Putting feelings into words: affect labeling disrupts amygdala activity in
response to affective stimuli. Psychological Science 18, 421-428.

Mathews, V.P., Kronenberger, W.G., Wang, Y., Lurito, ].T., Lowe, M.J., Dunn, D.W.,
2005. Media violence exposure and frontal lobe activation measured by func-
tional magnetic resonance imaging in aggressive and nonaggressive adolescents.
Journal of Computer Assisted Tomography 29 (3), 287-292.

Mathiak, K., Weber, R., 2006. Toward brain correlates of natural behavior: fMRI
during violent video games. Human Brain Mapping 27, 948-956.

Montag, C., Buckholtz, ].W., Hartmann, P., Merz, M., Burk, C., Hennig, ]., Reuter, M.,
2008a. COMT genetic variation impacts fear processing: psychophysiological
evidence. Behavioural Neuroscience 122, 901-909.

Montag, C., Reuter, M., Newport, B., Elger, C., Weber, B., 2008b. The BDNF Val66Met
polymorphism affects amygdala activity in response to emotional stimuli: evi-
dence from a genetic imaging study. Neurolmage 42, 1554-1559.

Ochsner, K.N., Bunge, S.A., Gross, J.J., Gabrieli, ].D., 2002. Rethinking feelings: an FMRI
study of the cognitive regulation of emotion. Journal of Cognitive Neuroscience
14,1215-1229.

Regenbogen, C., Herrmann, M., Fehr, T., 2010. The neural processing of voluntary
completed, real and virtual violent and nonviolent computer game scenarios
displaying predefined actions in gamers and nongamers. Social Neuroscience 5,
221-240.

Weber, R, Ritterfeld, U., Mathiak, K., 2006. Does playing violent video games
induceaggression? Empirical evidence of a functional magnetic resonance imag-
ing study. MediaPsychology 8, 39-60.

Please cite this article in press as: Montag, C., et al., Does excessive play of violent first-person-shooter-video-games dampen brain activity in
response to emotional stimuli? Biol. Psychol. (2011), doi:10.1016/j.biopsycho.2011.09.014

334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375


dx.doi.org/10.1016/j.biopsycho.2011.09.014
http://dx.doi.org/10.1016/j.biopsycho.2011.09.014

	Does excessive play of violent first-person-shooter-video-games dampen brain activity in response to emotional stimuli?
	1 Introduction
	2 Methods and materials
	2.1 Participants
	2.2 Experimental design
	2.3 Statistical analyses
	2.3.1 Description of sociodemographic variables and MRI analysis
	2.3.2 Description of fMRI preprocessing and fMRI analyses


	3 Results
	4 Discussion
	Acknowledgment
	Appendix A Supplementary data
	Appendix A Supplementary data


