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Abstract
Background/Aims: It is a common concern in the research field and the community that 
habitual violent video gaming reduces empathy for pain in its players. However, previous 
fMRI studies have only compared habitual game players against control participants cross-
sectionally. However the observed pattern of results may be due to a priori differences in 
people who become gamers and who not. In order to derive the causal conclusion that 
violent video game play causes desensitisation, longitudinal studies are needed. Methods: 
Therefore we conducted a longitudinal fMRI intervention study over 16 weeks. Participants 
were randomly assigned to 1) play a violent video game (Grand Theft Auto 5), 2) perform a 
social life simulation game (The Sims 3) 30 min/day for 8 weeks, 3) serve as passive control. To 
assess empathy processing, participants were exposed to painful and non-painful stimuli (e.g. 
someone cutting a cucumber with or without hurting herself) either as real photographs or 
video-game like depictions in a 3T MRI scanner before and after the training intervention as 
well as two months after training. Results: We did not find any evidence for desensitization in 
the empathy network for pain in the violent video game group at any time point. Conclusions: 
The present results provide strong evidence against the frequently proclaimed negative 
effects of playing violent video games and will therefore help to communicate a more realistic 
scientific perspective of the effects of violent video gaming in real life.   

Introduction

The public concern that violent video games may promote aggressive behaviour or 
reduce empathy in its players is pervasive and given the popularity of these games, their 
psychological impact is an important question for society at large. Unfortunately the research 
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field seems to be divided into two camps, one postulates a direct causal role of violent video 
gaming in aggression [1, 2]. In the light of this so-called General Aggression Model (GAM) 
desensitization against violent content and a decrease of empathy and prosocial behaviour 
has been posited as a result of playing violent video games [3, 4]. The other camp criticizes 
this theory and argues based on discrepancies between its resulting predictions and actual 
statistics on violence [5, 6]. They suggest that the conclusions of the GAM are the result of 
selective reporting and publication biases [7]. 

Another major critique is the study design that has commonly been used to test the 
GAM. Many of the studies exploring changes in aggression or prosocial behaviour due to 
video gaming expose participants to only short durations of video game play ranging from 
four minutes to maximally two hours (mean=22 min, median=15 min, when considering 
all experimental studies reviewed in two of the recent major meta-analyses in the field [8, 
9]). In addition to this, the crucial research question in our view is not whether people are 
more aggressive or less empathic after a few minutes to hours of game play, but rather what 
the long-term effects of video game playing are. Unfortunately, such longitudinal studies, in 
which participants are exposed over extensive periods of time, are rare.  However, these 
studies are urgently needed in particular if one intends to inform the general public about 
real-life consequences of violent video game play. 

Within the scope of the present study we wanted to fill this gap and aimed at investigating 
whether there are effects of long-term violent video gaming on brain activation that would 
resemble the pattern predicted for desensitization. Previous behavioural studies that 
trained only for minutes to hours reveal an inconsistent picture, with some demonstrating 
desensitization of heart rate, galvanic skin response [10, 11] or event related potentials 
(P300) [12] in response to violent stimuli and others not demonstrating these desensitization 
effects albeit using very similar outcome measures and stimuli [13, 14]. 

To our knowledge there are no studies that investigated the effects of violent video 
games on desensitisation of brain responses that exposed participants to considerable 
training durations. Instead several studies investigated desensitization effects in habitual 
gamers compared to no-gamers, showing amplitude reductions in event-related potentials 
(P300) in response to violent pictures [15]. In the first fMRI study small differences were 
shown when comparing habitual violent video gamers and non-gamers who were confronted 
with images from the IAPS picture set and screenshots from a violent video game [16]. 
However, the effects observed on the game-specific stimuli are difficult to interpret since 
the familiarity of the stimuli differed between groups since gamers were more familiar with 
the game-related picture content. Two later fMRI studies with a similar design but using 
stimuli that were not related to video game play (IAPS, line drawings) did not show any 
evidence for desensitization in habitual violent video gamers [17, 18]. Similarly, a recent 
study using photographs of painful and non painful situations did not reveal any differences 
in empathy for pain [19]. Another fMRI study using virtual violent films and real violent 
films and compared violent video gamers against controls likewise did not find evidence for 
desensitization nor did they find specific differences in processing between virtual and real-
life violence in gamers [20].

A major problem of these prior study designs comparing habitual violent video gamers 
against control participants cross-sectionally is that they do not allow any causal conclusions. 
It is unclear whether potential differences in processing of violent stimuli are caused 
by the habitual video gaming itself or whether these differences in processing of violent 
stimuli predisposed the participants to start and/ or maintain the violent game play habit. 
Conceivably participants who are not very sensitive to violent stimuli and seeing somebody 
else in pain may enjoy violent video games more. The only study design that can unravel the 
directionality of the effects and demonstrate that violent video game playing actually causes 
desensitization are intervention studies. 
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We wanted to fill this gap by conducting a longitudinal interventions study. We randomly 
assigned non-gamers to play one of two types of video games, either the violent video game 
Grand Theft Auto or the socially oriented life simulation game Sims every day for a period of 
two months. A passive control group was assessed with a similar battery of tests before and 
after this interval but received no video game intervention. Before and after as well as after 
another two months interval in which participants stopped playing the game, we assessed 
empathy for pain by means of fMRI measurements in response to photographs and video-
game-like graphic depictions of the same photographs showing people hurting themselves, 
e.g. while cutting a cucumber. The assessment using fMRI at a later follow-up time point allows 
us to investigate potential long-lasting effects of violent video game exposure. According 
to the desensitization hypothesis decreased fMRI signal would have been anticipated in 
brain areas involved in processing empathy for pain [21]. Another hypothesis was that this 
effect may be specific for stimuli that depict pain in video-game like graphics and may not 
generalize to real photographs of the same scenes.

Materials and Methods

Participants
Ninety healthy participants (mean age=28 years, SD=7.3, range 18-45, 48 females) were recruited by 

means of flyers and internet advertisements. The advertisement did mention that we were recruiting for a 
longitudinal study on video gaming but did not specify whether we would offer an intervention and did not 
mention that we were expecting training effects. Participants were randomly assigned to one of the three 
groups ruling out self-selection effects. The sample size was based on estimates from a previous study with 
a similar design [22]. After complete description of the study, the participants’ informed written consent 
was obtained. The local ethics committee of the Charité University Clinic, Germany, approved of the study. 
Participants reported little, preferably no video-game usage in the past six months (none of the participants 
ever played the game Grand Theft Auto (GTA) or Sims in any of its versions before). The participants received 
financial compensation for the testing sessions (200 Euros) and performance-dependent additional 
payment for two behavioural tasks detailed below, but received no money for the gaming itself.

Training Procedure
The violent video game group (4 participants dropped out between pre and posttest, resulting in a 

group of n=26, mean age=27.0, SD=6.1, 14 females) played the violent video game Grand Theft Auto V on a 
Playstation 3 console over a period of eight weeks. The active control group played the non-violent video 
game Sims 3 on the same console (6 participants dropped out between pre and posttest, resulting in a group 
of n=24, mean age=26.1, SD=6.9, 13 females). The passive control group (no one dropped out between pre 
and posttest, resulting in a group of n=30, mean age=30.8, SD=8.3, 13 females) was not given a gaming 
console and had no task but underwent the same testing procedure as the two other groups. The passive 
control group was not aware of the fact that they were part of a control group for other participants that 
received active treatment, in order to prevent that they started training themselves to compensate for being 
randomized into the control group.

Both intervention groups were asked to train the game for approximately 30 min a day. However, 
we intentionally financially compensated the participants only for the sessions in which they came to the 
lab for testing. Our previous research, suggested that the perceived fun while engaging in an intervention 
is positively associated with outcome [22] and we therefore speculated that enforcing longer sessions 
and therewith forcing participants to engage longer than they felt like, might impair motivation and the 
potential effects of the intervention. Participants underwent a testing session before (Baseline) and after 
the intervention period of two month (Posttest 1) and then a follow-up testing sessions two month after the 
intervention period (Posttest 2). Between Posttest 1 and 2 more participants dropped out (leaving n=22 in 
the GTA group, n=23 in the Sims group, n=29 in the Control group), but we decided to base the sample on all 
participants that participated at Baseline and Posttest 1 to obtain maximal power in the analysis of change 
between Baseline and Posttest 1.
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Grand Theft Auto (GTA) 
GTA V is an action-adventure video game situated in a fictional highly violent game world in which 

players are rewarded for their use of violence as a means to advance in the game. The single-player story 
follows three criminals and their efforts to commit heists while under pressure from a government agency. 
The gameplay is situated in on an open world (sandbox game) where the player can choose missions to 
progress an overall story, as well as engage in side activities consisting of action-adventure, driving, third-
person shooting, occasional role-playing, stealth and racing elements. The open world design lets players 
freely roam in the fictitious city and countryside so that gamers could in principle decide not to commit 
violent acts.  

The Sims 3 (Sims)
Sims is a life simulation game and also classified as a sandbox game because it lacks clearly defined goals. 

The player creates virtual individuals called “Sims”, and customizes their appearance, their personalities 
and places them in a home, directs their moods, satisfies their desires and accompanies them in their daily 
activities and by becoming part of a social network. It offers opportunities, which the player may choose to 
pursue or to refuse, similar as GTA but is generally considered as a prosocial and clearly non-violent game. 

Scanning Procedure
Images were collected on a Siemens Tim Trio 3T scanner (Erlangen, Germany) with a 12-channel 

head coil. Functional images were acquired using a T2*-weighted echo planar imaging (EPI) sequence 
sensitive to blood oxygen level dependent (BOLD) contrast (TR=2000ms, TE=30ms, image matrix=64×64, 
FOV=216 mm, flip angle=80 º, voxel size 3×3×3mm3, 36 axial slices). Structural images were obtained using 
a three-dimensional T1-weighted magnetization prepared gradient-echo sequence (MPRAGE) based on the 
ADNI protocol (www.adni-info.org) (repetition time=2500 ms; echo time=4.77ms; TI=1100ms, acquisition 
matrix=256×256×176, flip angle=7˚; 1x1x1mm3 voxel size). 

Stimuli
We used 28 real photographs in which two hands of a female person are shown while interacting with 

a tool (e.g. a knife, a hammer, a stapler). In half of the pictures one hand is being hurt, in the other half this 
is not the case. In order to create very similar comic versions of the photographs we reworked the pictures 
using Adobe Photoshop in order to look similar to the graphics used in the violent video game GTA V (Fig. 
1A).

fMRI data analysis
Functional imaging data was analyzed using Statistical Parametric Mapping software package (SPM8). 

EPIs were corrected for slice timing and head motion and transformed into the stereotactic normalized 
standard space of the Montreal Neuroimaging Institute (MNI) using the unified segmentation algorithm. 
Finally, EPIs were resampled (voxel size=3x3x3mm3) and spatially smoothed with a 3D Gaussian kernel of 
8 mm full width at half maximum.

On the single subject level, event-related separate regressors were included for the painful photographs, 
the painful comic picture as well as for the not painful photographs and the not painful comic pictures. 
Finally, the six rigid body movement parameters were also included in the single subject GLM. Differential 
t-contrasts for painful versus not painful pictures across both conditions real photographs as well as video-
game-like graphics at Baseline were calculated and taken to group level analysis. On the second level, these 
differential t-contrast images were entered into a one-sample t-test. Whole brain results were corrected 
for multiple comparisons using a family-wise error threshold of p < 0.05 and a cluster threshold of 50 
voxels. The resulting maps were overlaid onto a normalized T1 weighted MNI template (colin27) and the 
coordinates reported correspond to the MNI coordinate system. From the significant clusters of the whole 
brain contrast painful vs. not painful stimuli across both picture categories (real photographs and video-
game-like graphics) of all participants at Baseline we extracted BOLD signal using MATLAB. In these brain 
regions that are involved in empathy for pain at Baseline we computed Condition (painful vs. not painful) x 
Group x Time and Condition x Group x Time x Stimulus category (real photographs vs. game-like graphics) 
interaction analyses in a repeated-measures ANOVA on the extracted values to unravel whether violent 
video game play influences empathy for pain. 
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Our analysis resulted in 40 statistical tests. Setting the alpha value to 0.05 means that by pure chance 
two analyses should become significant. To account for this multiple testing problem and the associated 
alpha inflation we conducted a Bonferroni correction. According to Bonferroni the alpha value for the entire 
set of n tests is set to an alpha value of 0.05 by taking alpha/n = 0.00125. 

Since the Bonferroni correction has been criticised as overly conservative and since the two interactions 
of interest were not independent of one another we additionally conducted a false discovery rate (FDR) 
correction [23]. FDR correction also determines adjusted p-values for each test, however, it controls only for 
the number of false discoveries in those tests that result in a discovery (namely a significant result). 

Results

In order to define a-priori regions of interest we computed a whole brain contrast of 
all painful vs. not painful stimuli (pooling across real photographs and video-game-like 
graphical depictions) in all participants at Baseline. In line with prior research we found 
a network of brain regions that have been associated with empathy for pain [21], namely 
bilateral anterior insula extending into inferior frontal gyrus, anterior cingulate cortex 
(ACC), dorsal medial prefrontal cortex (dmPFC), and posterior cingulate cortex (PCC) (Table 
1, Fig. 1B). 

Then we conducted interaction analyses in each of the ROIs of the empathy for pain 
network. Once focussing on the Condition x Time x Group interaction and once on the 
Condition x Time x Group x Stimulus type interaction. Separately for Baseline vs. Posttest 
1 and Baseline vs. Posttest 2 and separately comparing GTA vs. Sims and GTA vs. Controls 

Fig. 1. A) Examples of the stim-
uli used in the fMRI task. B) Sig-
nificant clusters resulting from 
a whole brain contrast of real 
photographs and video-game-
like graphics pooled comparing 
harmful and harmless stimuli 
across all participants at Base-
line (PCC = posterior cingulate 
cortex, ACC = anterior cingulate 
cortex, dmPFC = dorsal medial 
prefrontal cortex).
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(Table 2). Neither of the results survive Bonferroni correction, nor FDR correction with a 
corrected threshold of p=0.05. 

Interestingly, even the most likely randomly occurring effects with an uncorrected 
significance threshold do not reflect the hypothesized pattern of decreases in the empathy 
for pain network in the GTA training group.  

The effect in left anterior insula for GTA vs. Sims in Baseline vs. Posttest 1 in the Condition 
x Time x Group interaction is driven by a change in the Sims group in which the not painful 
stimuli are processed with stronger insula activity at Posttest 1 compared to Baseline. This 
would – if  anything – argue for an increase in sensitisation in the active control group rather 
than a decrease in the violent video game group GTA. 

The effect in ACC for GTA vs. Sims in Baseline vs. Posttest 1 in the Condition x Group x 
Time x Stimulus category was mainly driven by the fact that actually all Time x Condition 
interaction plots show a similar pattern, namely higher activity during pain compared to 
no-pain with an almost equivalent difference at Baseline vs. Posttest 1 with the exception of 
the real photography condition in the Sims group where the activity during pain processing 
decreases over time and the activity during no-pain stimuli increases over time. This pattern 
of the effect is likewise not in line with a desensitization in the GTA group.  

In order to show that we have an adequate sensitivity to detect relevant effects we 
computed the effect size that we would have been able to detect. The information we used 
consisted of alpha error probability=0.05, power=0.95, our sample size, number groups 
and of measurements occasions and the correlation between the repeated measures at 
Posttest 1 and Posttest 2 of on average r=0.40. According to G*Power [24] our present study 
would enable us to detect small to medium effect sizes of 0.206 in each separate test. When 
accounting for the conservative Bonferroni corrected p-value of 0.00125, still a small to 
medium effect size of 0.27 would have been detectable.

Table 1. Painful > not pain-
ful stimuli across all par-
ticipants at Baseline (fam-
ily-wise error corrected  
p < 0.05, cluster threshold 
k > 50)

Table 2.  Results of the statistical ROI analysis controlling for the confounding variables age and sex.  dmPFC 
= dorsomedial prefrontal cortex, ACC = anterior cingulate cortex, PCC = posterior cingulate cortex, AI= anterior 
insula
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Discussion

To our knowledge this is the first study investigating whether long-term violent video 
game play (8 weeks) causes desensitization effects in the empathy for pain network of the 
brain. Previous studies have either focused on the effects of playing violent games for several 
minutes to hours only, or compared habitual game players against controls cross-sectionally. 
Based on the latter database of studies a task force of the American Psychological Association 
recently summarized the findings on violent video games as indicating that they pose a risk 
factor for adverse outcomes, including increased desensitization, and decreased empathy 
[25]. The present findings of this study clearly contradict this conclusion. Our longitudinal 
interventional study design allows us to draw causal conclusions and does not show any 
evidence for a desensitization effect in brain signal during empathy for pain.

We randomly assigned participants, who did not report to be frequent gamers, to one 
of two video games that we asked them to play for 30 min/day for a period of two months. 
One group played the violent video game Grand Theft Auto V and the other group played the 
comparably social simulation game The Sims 3. A third passive control group was recruited 
and tested at the same points in time but received no intervention. Before (Baseline) the 
two months training intervention and afterwards (Posttest 1), as well as at a follow-up 
appointment two months after the training intervention ended (Posttest 2) participants 
performed a passive viewing task in an fMRI scanner where they were confronted with 
painful (e.g. someone cutting herself with a knife) and non-painful stimuli either as real 
photographs or adapted to resemble the video-game like graphics of GTA. In order to derive 
the overall empathy of pain network we compared painful against non-painful stimuli at 
Baseline, pooling participants across all three groups. The network consisted of dmPFC, ACC, 
PCC and bilateral anterior insula extending into inferior frontal gyrus. This is very much in 
line with a previous meta-analysis on fMRI data summarizing studies of perceived pain and 
empathy for pain [21], where activation was most consistently observed in ACC, bilateral 
insula extending into inferior frontal gyrus and the dmPFC. The PCC/precuneus was also 
mentioned in this meta-analysis but interestingly in an analysis that focussed on study 
contrast where others are in pain vs. not in pain and this pain was signalled cue-based rather 
than based on pictures. Maybe we find PCC with our picture set because it is less explicit then 
the stimuli used in previous studies to depict pain.  We did e.g. not show blood as a result of 
cutting or any bruises etc., so that participants needed to infer that the situation was painful 
for the observed other. 

According to the desensitization account we would have expected a decrease of BOLD 
signal in the identified empathy of pain network over time, that is caused by the training 
intervention, exclusively in the group that played the violent video game. Whether these 
effects would be expected to occur between Baseline and Posttest 1 immediately after the 
training intervention, or with a delay of two months after the intervention was unclear. 
Moreover we speculated that the effect could be different depending on stimulus type, namely 
whether the stimulus was a real photography or looked more like a cartoon taken from a 
video game. Therefore we computed the following two interactions of interest: Condition 
(painful vs. not painful) x Group x Time as well as Condition (painful vs. not painful) x Group 
x Time x Stimulus type (real photographs vs. game-like graphics). We did this separately 
comparing the GTA group once against the active control group (Sims) and the passive 
control group. In the resulting 40 (5 ROIs x 2 interactions x 4 Time/Group combinations) 
statistical tests we did not find any significant interaction that survived multiple comparison 
correction. This result fits well to several previous studies referred to in the introduction 
that have shown no desensitization effects when comparing habitual violent video gamers 
against control participants using fMRI [17-20] or electroencephalography [15]. Moreover 
the result is in line with at least some previous findings in studies examining the effects of 
short-term violent video gaming [13, 14]. However, to our opinion these studies using short-
term interventions only reflect short-lived priming effects that are observable minutes after 
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game play and what research and society should be more interested in are more persistent 
effects of long-term violent video gaming. 

Conclusion

To summarize, our study is the first longitudinal long-term intervention study 
investigating potential desensitization effects in empathy for pain caused by long-term violent 
video game play. The present evidence argues against the desensitization account proposed 
by the General Aggression Model [3] and clearly stands against the recent conclusions of 
a task force by the American Psychological Association that violent videogames increase 
desensitization and therefore pose a risk factor for adverse outcomes [25]. 
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