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Abstract Exposure to video game violence (VGV) is

known to result in desensitization to violent material and

may alter the processing of positive emotion related to

facial expressions. The present study was designed to

address three questions: (1) Does the association between

VGV and positive emotion extend to stimuli other than

faces, (2) is the association between VGV and affective

picture processing observed with a single presentation of

the stimuli, and (3) is the association between VGV and the

response to violent stimuli sensitive to the relevance of

emotion for task performance? The data revealed that

transient modulations of the event-related potentials (ERPs)

related to attentional orienting and sustained modulations of

the ERPs related to evaluative processing were sensitive to

VGV exposure.
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Video games represent one of the most pervasive forms of

leisure activity in modern culture, being played in 68% of

American households (Entertainment Software Association,

2010). Eighty-eight percent of individuals 8–18 years of

age have reported that they occasionally play video games,

and 23% have reported playing video games at least once

per day (Gentile, 2009). Exposure to video game violence

(VGV) that involves shooting, stabbing, punching, kicking,

and blunt trauma to characters within a game is associated

with an increase in aggressive thoughts, feelings, and

actions (Anderson, Gentile, & Buckley, 2007; Anderson,

Shibuya, Ihori, Swing, Bushman, Sakamoto, & Saleem,

2010) and a decrease in prosocial or helping behavior

(Anderson et al., 2010; Bushman & Anderson, 2009;

Gentile, Anderson, Yukawa, Ihori, Saleem, Ming, &

Sakamoto, 2009). These effects, together with the extensive

use of video games beginning in childhood and continuing

through adulthood, lead one to wonder what impact this

media has on the emotional life of the individual. The

present study addressed this question by examining the

association between individual differences in exposure to

VGV and the neural correlates of affective picture process-

ing, using event-related brain potentials (ERPs).

Video games and desensitization to violence

One consequence of exposure to VGV is that individuals

may become desensitized to violence (Anderson et al.,

2007; Barlett, Anderson, & Swing, 2009; Bushman &

Anderson, 2009; Carnagey, Anderson, & Bushman, 2007;

Funk, Baldacci, Pasold, & Baumgardner, 2004). As

Carnagey et al. noted, the term desensitization has been

used in many different ways in the social, clinical, and

media violence domains, a practice that has led to

considerable confusion. Theoretically, desensitization can

be defined as “a reduction in emotion-related physiological

reactivity to real violence” (Carnagey et al., 2007, p. 490).

Other common usages of the term usually refer to measures

of behavior, attitudes, or self-reported emotions that

theoretically result from desensitization, such as reductions

in helping behavior or in empathy toward victims of

violence or injury.

Several studies have linked VGV to physiological

indicators of desensitization. For example, Carnagey et al.

(2007) demonstrated that brief exposure to VGV influences
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activation of the autonomic nervous system. In that study,

individuals played a violent or a nonviolent video game for

20 min. Immediately after playing the game, individuals

viewed a 10-min video clip of real-world violence (e.g., a

prison beating) while heart rate and skin conductance were

measured. Those who played the violent video game

demonstrated reduced cardiac reactivity and a diminished

skin conductance response while watching the video,

relative to those who played the nonviolent video game.

Bushman and Anderson (2009) tested one consequence of

physiological desensitization, using the same games.

Specifically, these investigators sought to determine wheth-

er desensitization was associated with a decrease in the

likelihood of aiding a victim of violence in those exposed to

VGV. In this study, individuals played one of the video

games before a fight was staged outside of a laboratory

toward the end of the study. Participants who had played

the violent video game were less likely to report hearing the

fight, judged the fight as less serious, and were slower to

respond when they did offer help than those participants

who had played the nonviolent video game (Bushman &

Anderson, 2009).

Bartholow, Bushman, and Sestir (2006) used ERPs to

examine the neural basis of desensitization associated with

individual differences in chronic exposure to VGV. To

assess exposure to VGV, participants listed their top five

favorite video games and rated the level of violent content

and amount of time spent playing each game. On the basis

of these measures, individuals were classified as either

violent video gamers or nonviolent video gamers. Then

individuals viewed neutral (e.g., man riding a bicycle),

negative violent (e.g., man holding a knife to a woman’s

throat), and negative nonviolent (e.g., decaying dog corpse)

pictures from the International Affective Picture System

(IAPS; Lang, Bradley, & Cuthbert, 2005) while ERPs were

recorded from the scalp.

The investigators were particularly interested in the

association between individual differences in exposure to

VGV and the amplitude of the P3 component elicited by

violent and negative nonviolent pictures. The amplitude of the

P3 was taken as an index of the amount of evaluative

processing directed to the content of the pictures, with the

expectation that desensitization to violence would result in an

attenuation of the amplitude of the P3 for violent pictures in

the violent video gamers. Consistent with this prediction, the

amplitude of the P3 for violent pictures was attenuated in

violent video gamers, relative to nonviolent video gamers. In

contrast, the amplitude of the P3 for nonviolent negative

pictures was similar for the violent and nonviolent video

gamers. The present study builds on the findings of Bartholow

et al. (2006) by examining a broader range of ERP

components related to early attentional and later evaluative

processes in high- and low-violent video gamers.

The influence of VGV on positive affect

Some evidence indicates that exposure to violent media may

alter the experience of positive emotion, as well as desensitiz-

ing individuals to violence. This effect was reported in two

studies by Kirsh and colleagues (Kirsh & Mounts, 2007;

Kirsh, Mounts, & Olczak, 2006) that investigated the

association between exposure to media and video game

violence and the happyface advantage (i.e., the finding that

people are typically faster to respond to happy than to angry

facial expressions; Billings, Harrison, & Alden, 1993;

Leppanen, Tenhunen, &Heitanen, 2003) in a change detection

task. In the study by Kirsh et al., a neutral face morphed into a

happy or angry face, and participants pressed a key when the

change was noticed. Individuals low in media violence

exposure were faster to identify a neutral face morphing into

a happy face than a neutral face morphing into an angry face,

demonstrating the happyface advantage. In contrast, individ-

uals high in media violence exposure were faster to identify a

neutral face morphing into an angry face than a neutral face

morphing into a happy face. Kirsh and Mounts extended this

finding in a study where participants played a violent or

nonviolent video game for 15 min before completing the face-

morphing task. Individuals who played a violent video game

were slower to identify neutral faces morphing to happy than

were individuals who had played a nonviolent video game.

The findings of these studies demonstrate that both chronic

and acute expose to violent media can decrease one’s

sensitivity to the expression of positive emotion in the face.

The present study was designed to determine whether the

association between exposure to VGV and the processing of

positive information extends to stimuli other than faces.

The neural correlates of affective picture processing

The literature using ERPs to investigate the neural correlates

of affective picture processing has revealed differential neural

activity related to the affective valence of pictures beginning

as early as 100 ms after stimulus onset and persisting for the

next 1,000–2,000 ms (for reviews, see Codispoti, Ferrari, &

Bradley, 2007; Olofsson, Nordin, Sequeira, & Polich, 2008).

The early posterior negativity (EPN) and late positive

potential (LPP) represent two components of the ERPs that

are commonly modulated by the valence of pictures. The

EPN reflects a transient negativity over the posterior region

of the scalp between 200 and 300 ms after stimulus onset.

The EPN distinguishes emotionally valenced pictures from

neutral pictures (Codispoti et al., 2007; Schupp, Junghofer,

Weike, & Hamm, 2003) and is greater in amplitude for

highly arousing pictures than for less arousing pictures that

have the same valence (Schupp et al., 2003). On the basis of

these findings, the EPN is thought to reflect the allocation of
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attention to emotionally arousing stimuli (Schupp, Junghofer,

Weike, & Hamm, 2004).

The LPP reflects a sustained positivity, extending from the

central to the parietal region of the scalp, that is greater in

amplitude for negative and positive pictures than for neutral

pictures beginning around 300 ms after stimulus onset

(Carretie, Hinojosa, Albert, & Mercado, 2006; Hajcak,

Dunning, & Foti, 2009; Ito, Larsen, Smith, & Cacioppo,

1998; Olofsson et al., 2008) and appears to overlap the P3

component in time. The amplitude of the LPP is greater for

affectively valenced pictures than for neutral pictures and is

thought to result from a tendency for stimuli that are

motivationally or evolutionarily significant to capture atten-

tion (Keil et al., 2002; Schupp et al., 2000; Schupp et al.,

2004). Some investigators have reported that the amplitude

of the LPP is greater for negative pictures than for positive

pictures (Ito & Cacioppo, 2005; Ito et al., 1998), a finding

that is thought to reflect the negativity bias that has been

described in various domains of social cognition (Baumeister,

Bratslavsky, Finkenauer, & Vohs, 2001). Recent work using

temporal–spatial principal components analysis (PCA) has

revealed that the LPP reflects the activity of multiple

components of the ERPs whose distribution extends from

the central to the occipital-parietal regions of the scalp

between 400 and 2,000 ms after stimulus onset (Foti, Hajcak,

& Dien, 2009). Some of these components reveal similar

neural activity for positive and negative pictures, reflecting a

general sensitivity to affective information. In contrast, other

components reveal a stronger response to negative than to

positive pictures, possibly reflecting the expression of the

negativity bias.

The present study

The present investigation was designed to extend the findings

of previous research by examining the association between

individual differences in chronic VGV exposure and the

neural correlates of affective picture processing. In two

experiments, participants viewed positive, negative nonvio-

lent, negative violent, and neutral pictures from the IAPS

(Lang et al., 2005). In Experiment 1, participants rated the

pictures for colorfulness; in Experiment 2, participants rated

the pictures for colorfulness, pleasantness, and how threat-

ening the pictures were. Positive pictures were included to

determine whether the findings of Kirsh et al. (2006) using

faces would extend to scenes eliciting positive emotion.

Varying the rating task across blocks of trials in Experiment

2 allowed us to determine whether the association between

individual differences in VGV exposure and affective picture

processing observed in Experiment 1 was sensitive to the

degree that the emotional content of the pictures was relevant

to task performance. This approach can be contrasted with

that of Bartholow et al. (2006), where individuals performed

a single orienting task that did not require an overt response.

This element of the design makes it impossible to know

whether violent and nonviolent video gamers engaged in

similar processing during picture viewing.

Work demonstrating that the LPP reflects the activity of

multiple components of the ERPs that are differentially

sensitive to various aspects of emotion (Foti et al., 2009)

highlights the need to incorporate a statistical technique that

allows one to integrate information related to time course,

topography, and task conditions in a single analysis. To

address this issue in the present study, partial least squares

(PLS) analysis was used to analyze the ERP data (Lobaugh,

West, & McIntosh, 2001; McIntosh & Lobaugh, 2004). PLS

analysis is a multivariate statistical technique that is similar to

PCA (Gorsuch, 1983) and allows one to decompose the full

time course and topography of the scalp-recorded ERPs into a

set of orthogonal latent variables that capture differences in

mean amplitude between task conditions across time and

space. For instance, in a recent study using ERPs in

combination with PLS analysis and the picture-rating task

incorporated in the present experiments, we observed a pair of

significant latent variables (Bailey, West, & Olson, 2011). One

latent variable appeared to capture the expression of the

negativity bias, reflecting a contrast of negative and violent

pictures with positive pictures of people and erotic pictures.

The second latent variable appeared to capture the neural

correlates of processing erotic pictures,since it contrasted

erotic pictures with neutral pictures and other positive pictures.

These findings indicate that PLS analysis can be used to

identify patterns of neural activity that are differentially

sensitive to various aspects of affective picture processing.

Experiment 1

In Experiment 1, individuals high or low in chronic exposure

to VGV rated the colorfulness of neutral, positive, negative

nonviolent, and negative violent pictures. In the study by

Bartholow et al. (2006), each of the pictures was presented

15 times, making it impossible to determine whether the

reduction in the amplitude of the LPP elicited by violent

pictures resulted from a general reduction in the sensitivity to

these materials or from faster habituation within the

experiment to these stimuli. To address this issue, each

picture was presented only once in the present experiment.

On the basis of the findings of Bartholow et al., the

amplitude of the LPP for violent pictures was expected to

be attenuated in high gamers, relative to low gamers, and the

amplitude of the LPP for negative nonviolent pictures was

expected to be similar for high and low gamers. In the PLS

analysis, this association could be expressed on the latent

variable capturing the negativity bias, reflecting a contrast
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between negative violent and negative nonviolent pictures,

and positive and neutral pictures. In low gamers, the

magnitude of the brain scores should be similar for negative

violent and negative nonviolent pictures, and in high gamers,

the magnitude of the brain scores for negative violent

pictures should be reduced relative to the negative nonviolent

pictures. If the findings of Kirsh et al. (2006) extend to

positive stimuli other than faces, the amplitude of the ERPs

that are sensitive to processing positive pictures should be

attenuated in high gamers, relative to low gamers. In the PLS

analysis, this association could be expressed on a latent

variable that contrasts positive pictures with neutral pictures,

and the magnitude of this contrast should be reduced in high

gamers, relative to low gamers.

Method

Participants

Forty-twomales from Iowa State University participated in this

experiment. Participants were recruited on the basis of their

responses to a media usage questionnaire that they completed

twice:once at least 2 weeks prior to participation in the

laboratory session, as part of a larger screening exercise, and

once at the end of the laboratory session. On the basis of

responses from the laboratory session, the sample included 21

high gamers (M = 33 h per week, range = 9–64 h per week)

and 21 low gamers (M = 3 h per week, range = 0–9 h per

week). The high gamers (M = 2.23, SD = 0.64) reported

greater familiarity with a set of four popular violent video

games than did the low gamers (M = 1.26, SD = 0.31), t(39) =

2.71, p < .01. The high gamers (M = 19.2, SD = 1.75) and

low gamers (M = 20.71, SD = 3.18) were similar in years

of age and in their distribution of handedness (high

gamers, right = 17, ambidextrous = 1, left = 3; low

gamers, right = 17, ambidextrous = 3; Oldfield, 1971).

Materials

Media usage questionnaire This questionnaire included

three higher order questions. Two questions asked the

individual to indicate the number of hours spent playing

video games on a typical weekday (Question 1, Monday

through Friday) or weekend (Question 2, Saturday and

Sunday) for each of four time periods (6 a.m. to noon, noon

to 6 p.m., 6 p.m. to midnight, and midnight to 6 a.m.). The

third question asked the participant to indicate how often he

played any version of each of four popular video games (i.e.,

Counterstrike, Grand Theft Auto, Resident Evil, and Unreal

Tournament) on a 5-point scale (1, indicating have never

played, to 5, indicating play very often). Participants who

reported playing 10 or more hours of any video games per

week and indicated greater experience (i.e., responded with a

3, 4, or 5 on the scale) with the four video games in the

screening session were recruited as high gamers. Participants

who reported playing less than 5 h of any video games per

week and indicated little experience (i.e., responded with a 1

or 2 on the scale) with the four video games in the screening

session were recruited as low gamers. The internal reliability

was high for the number of hours played (screening

coefficient α = .85, laboratory session coefficient α = .83),

and the test–retest reliability was acceptable (r = .76). The

internal reliability was acceptable for the level of action

game exposure (screening coefficient α = .71, laboratory

session coefficient α = .72), as was the test–retest reliability

of this measure (r = .77).

Affect measures The Behavior Inhibition/Behavior Activa-

tion Scales (BIS/BAS; Carver & White, 1994) and the Beck

Depression Inventory (BDI; Beck, Ward, Mendelson,

Mock, & Erbaugh, 1961) were administered to measure

individual differences in trait affect. The BIS/BAS scale

contained 19 statements that were rated on a 4-point scale

with 1 being strong agreement and 4 being strong

disagreement with the statement. On the BDI, participants

selected which of 4 statements in each of 19 groups of

statements best described how he had felt over the last 2

weeks. Items related to thoughts of suicide and loss of

interest in sex were omitted from the BDI.

Picture-rating task The stimuli were pictures from the IAPS

(Lang et al., 2005). Valence ratings from the normative dataset

were used to divide the pictures into those representing

negative, neutral, and positive emotion. The pictures were

further divided so that negative (M = 6.2, SD = 0.57, range =

5.04–7.29) and positive (M = 5.9, SD = 0.71, range = 3.55–

7.35) pictures would have overlapping arousal ratings. One

hundred twenty pictures were selected for the task and

included 40 neutral, 40 positive, and 40 negative pictures;

the negative picture were further divided into 20 violent (M =

6.3, SD = 0.52) and 20 nonviolent (M = 6.1, SD = 0.62)

pictures with similar arousal ratings, t(38) = 0.93, p = .36.1

All the pictures contained people. Neutral pictures contained

1 Neutral (IAPS numbers: 2102, 2104, 2191, 2215, 2221, 2235, 2305,

2383, 2393, 2396, 2397, 2410, 2440, 2480, 2485, 2487, 2499, 2513,

2514, 2516, 2518, 2579, 2580, 2593, 2595, 2597, 2620, 2635, 2745.1,

2830, 2840, 2850, 2870, 4605, 7493, 7496, 7506, 8010, 8311, 8465).

Positive (IAPS numbers: 2058, 2071, 2160, 2209, 2216, 2345, 2346,

4599, 4626, 4640, 4641, 5460, 5470, 5621, 5623, 5629, 5833, 7325,

7502, 8030, 8034, 8080, 8090, 8180, 8185, 8186, 8190, 8200, 8210,

8300, 8350, 8370, 8380, 8400, 8420, 8470, 8490, 8496, 8499, 8540).

Negative violent (IAPS numbers: 2683, 3500, 3530, 6212, 6250,

6312, 6313, 6315, 6350, 6360, 6530, 6540, 6550, 6560, 6571, 6821,

9423, 9424, 9427, 9428). Negative nonviolent (IAPS numbers: 2710,

2730, 2751, 3005.1, 3168, 3170, 3230, 3261, 3266, 6834, 8485, 9050,

9410, 9421, 9635.1, 9800, 9810, 9903, 9910, 9925).
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images of people with neutral expressions or groups of people

in public places. Positive pictures contained children, families,

and athletes. Erotic pictures were not included, in order to

make more direct comparisons with the findings of Bartholow

et al. (2006). Violent pictures were defined as those that

included at least two people where one person either held a

weapon or was attacking the other person (e.g., a man

choking a woman). Nonviolent pictures included images of

grief, loss, and accidents and did not include mutilations. The

label "negative" is used to refer to the negative nonviolent

pictures, and the label "violent" is used to refer to the negative

violent pictures. Pictures were 512 × 384 pixels and were

presented on a white background.

Procedure

All stimuli were presented using E-Prime 1.2 software

(Psychology Software Tools, Pittsburgh, PA). Pictures were

displayed on the screen until the participant responded,

followed by a blank screen for 500 ms. Participants were

instructed to rate how colorful he found each picture, using

the keys “v,”“b,”“n,” and “m,” with “v” labeled as least

colorfuland “m” labeled as most colorful. After instructions

had been given, participants were shown 3 practice

pictures, 1 picture from each valence category, that were

not included in the 120 pictures, to practice the rating task.

The pictures were presented in a different random order for

each participant.

The fitting of the electro-cap was briefly described to the

participant when he arrived for the study. The participant

then gave informed consent and completed the Edinburgh

Handedness Inventory (Oldfield, 1971), the BIS/BAS

scales (Carver & White, 1994), and the BDI (Beck et al.,

1961). After the cap had been fitted, participants were

moved to the testing room and were asked to sit

comfortably in front of the computer monitor. Participants

were asked to limit eye and head movements during

recording. Following testing, participants completed the

media usage questionnaire.

Electrophysiological recording and analysis

The electroencephalogram (EEG;bandpass, 0.02–150 Hz;

digitized at 500 Hz; gain, 1,000; 16-bit A/D conversion)

was recorded from an array of 68 tin electrodes on the basis

of a modified 10–10 system using an electro-cap (Electro-

Cap International, Eaton, OH). Vertical and horizontal eye

movements were recorded from electrodes placed beside

and below the right and left eyes. During recording, all

electrodes were referenced to electrode Cz, then rereferenced

to an average reference for data analysis. A 0.1- to 8-Hz

zero-phase shift filter was applied before averaging.

Ocular artifacts associated with blinks and saccades were

removed from the data, using a covariance-based technique

including empirically derived estimates of the EEG associated

with artifact and artifact-free data (Electromagnetic Source

Estimation; Source-Signal Imaging, SanDiego). ERP analysis

epochs were obtained offline with -200 ms of prestimulus

activity and 1,000 ms of poststimulus activity for each picture

type.

Partial least squares (PLS) analysis

PLS analysis was applied to an ERP data matrix represent-

ing the data for participants and conditions in the rows, and

the amplitudes for time points between 0 and 1,000 ms at

64 channels (excluding the four ocular electrodes) in the

columns. The input (deviation) matrix for the PLS analysis

was obtained by mean-centering the columns of the data

matrix with respect to the grand mean. Singular value

decomposition (SVD) was performed on the deviation

matrix to identify the structure of the latent variables. Eight

latent variables were extracted from the deviation matrix,

with the first six capturing mean differences in amplitude

across groups and/or conditions and the seventh and eighth

capturing the grand mean for the low and the high gamers,

respectively. Three outputs were obtained from the SVD

that were used to interpret the relationships between ERP

amplitude, task design, and gaming status. The first was a

vector of singular values that are similar to eigenvalues and

represent the unweighted magnitude of each latent variable.

The singular values were used to calculate the percentage of

task-related variance attributable to each latent variable.

The second and third outputs represent the structure of the

latent variables and are orthogonal pairs of vectors that are

similar to component loadings in PCA. One vector defines

the contrasts among conditions scaled for amplitude (brain

scores), and the other vector represents the electrode

saliences that reflect the spatial–temporal distribution of

the latent variable across the scalp. The electrode saliences

reflect components or modulations of the ERP waveforms

that differ in amplitude across task conditions (e.g., an

effect on the P3 might reflect stable saliences over the

parietal region of the scalp between 400 and 600 ms).

The significance of the latent variables’ singular values

was determined using a permutation test (500 replications)

that provided the exact probability of observing the latent

variable singular value by chance (e.g., p = .01); the

stability of the electrode saliences at each time point and

location on the scalp and the brain scores for the task

conditions were established through bootstrap resampling

(500 replications), which provided a standard error for each

of the electrode saliences and brain scores. The ratio of the

salience or brain score to its bootstrapped standard error

was approximately equivalent to a z-score; therefore,

Cogn Affect Behav Neurosci (2011) 11:259–276 263



bootstrap ratios greater than 3.0 could be taken to indicate

saliences that differed from zero at the p < .001 level.

MATLAB code to perform the PLS analyses can be

obtained at http://www.rotman-baycrest.on.ca.

Results

Affect measures

To examine the association between trait affect and video

game experience, the scores of the low and high gamers on

the BIS/BAS scales and the BDI were compared. Low

gamers (M = 19, SD = 3) and high gamers (M = 18, SD = 3)

reported similar scores on the BIS scale, t(40) = -1.44, p =

.16. Low gamers (M = 40, SD = 4) and high gamers (M =

37, SD = 5) were not significantly different on the BAS

scale, t(40) = -1.85, p = .07. There was no difference

between the low gamers (M = 7, SD = 7) and high gamers

(M = 7, SD = 5) on the BDI, t(40) = 0.45, p = .66. These

data indicate that the levels of trait affect were similar for

the two groups.

Picture-rating data

Mean ratings of colorfulness (Table 1) were analyzed in a 2

(gamer status: low, high) × 4 (picture type: neutral,

negative, violent, positive) ANOVA. The main effect of

picture type was significant, F(3, 117) = 48.99, p = .001,

ηp
2 = .55. This reflected significant differences in the

colorfulness ratings of all picture types except negative and

violent pictures. The main effect of gamer status and the

gamer status × picture type interaction were not significant,

Fs < 1.56, ps > .64, ηp
2 = .04.

ERP data

The grand-averaged ERPs at select electrodes for the high and

low gamers are presented in Figs. 1 and 2. These data reveal a

small EPN over the occipital-parietal region at around

250 ms after stimulus onset that appears to distinguish

negative pictures from the other pictures in low gamers and

negative and violent pictures from neutral pictures in the

high gamers (Fig. 2). Beginning at around 500 ms after

stimulus onset, the LPP can be seen in both groups at the

parietal and central-parietal electrodes. There was also slow

wave activity over the frontal region of the scalp that

distinguished the four types of pictures from one another.

Table 1 Mean pictures ratings for Experiments 1 and 2

Experiment 1

Neutral Negative Violent Positive

Color M 2.56a,b,c 2.31e 2.37f 2.95

SD 0.23 0.33 0.37 0.30

Experiment 2

Neutral Negative Violent Positive

Color M 2.65b,c 2.20d,e 2.35f 3.03

SD 0.25 0.38 0.41 0.32

Pleasant M 2.80a,b,c 1.26e 1.22f 3.49

SD 0.49 0.29 0.30 0.48

Threat M 1.28a,b,c 3.22d,e 3.52f 1.44

SD 0.28 0.58 0.40 0.41

Posthoc paired contrasts using a Bonferroni adjustment of p = .008.(a)

Neutral vs. negative.(b) Neutral vs. violent.(c) Neutral vs. positive.(d)

Negative vs. violent.(e) Negative vs. positive.(f) Violent vs. positive

PO3

CP3

F9

C3

Oz

Pz

Fpz

FCz

PO4

CP4

F10

C4
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F9
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Fpz
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C4
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Violent
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High Gamers

+2µV

-200 1000ms

Fig. 1 Grand-averaged ERPs at select electrodes for Experiment 1,

demonstrating the time course of the EPN (open arrows) and LPP

(filled arrows) in the high and low gamers. The taller bar marks the

onset of the stimulus, while the shorter bars represent 200-ms

increments, and positive is plotted up
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The permutation test for the PLS analysis revealed two

significant latent variables (p = .01, p = .04) that accounted

for 48.49% and 22.17% of the cross-block covariance,

respectively. The first latent variable represented a contrast

of negative and violent pictures with neutral and positive

pictures (Fig. 3, top panel). The magnitude of the brain

scores was similar for negative pictures for the high and low

gamers, while the magnitude of the brain scores for the

violent pictures was reduced in the high gamers relative to

the low gamers. These findings are consistent with those of

Bartholow et al. (2006) and may reveal desensitization to

violence in the high gamers. The electrode saliences revealed

three stable time periods of neural activity. The first reflected

a transient negativity over the midline frontal region around

125 ms after stimulus onset (electrode FCz). The second

reflected a transient negativity over the occipital region

around 280 ms after stimulus onset, likely reflecting the EPN

(electrode Oz). The third reflected a sustained positivity over

the parietal region and a negativity over the left lateral frontal

region between 500 and 1,000 ms after stimulus onset, likely

reflecting the LPP (electrodes PO4, F9).

The pattern of brain scores for the second latent variable

differed in the low and high gamers. For the low gamers, this

latent variable represented a contrast between positive pictures

and neutral pictures (Fig. 3, bottom panel). In contrast, for the

high gamers, this latent variable contrasted positive and

violent pictures with neutral pictures. The electrode saliences

revealed two stable time periods of neural activity. The first

reflected a transient modulation over the frontal-polar region

around 100 ms after stimulus onset (electrode Fpz), and the

second reflected a sustained positivity over the central-

parietal region and negativity over the occipital region

between 400 and 900 ms (electrodes C3, CP3, Iz).

Discussion

The behavioral data revealed that chronic VGV exposure was

not associated with individual differences in trait emotion or

colorfulness ratings in the picture-rating task. These results of

the PLS analysis reveal a number of interesting findings related

to the association between chronic VGV exposure and the

neural correlates of affective picture processing. The pattern of

brain scores for the first latent variable reveals that desensiti-

zation to violence can be observed with a single presentation of

the stimuli (i.e., the brain score for violent pictures was reduced

in the high gamers, relative to the low gamers). These data

provide a conceptual replication of the findings of Bartholow et

al. (2006), indicating that the previous findings likely do not

reflect faster within-task habituation to the violent pictures.

The second latent variable appeared to capture the neural

correlates of processing positive pictures in the low gamers.

Additionally, the magnitude of the contrast between the

positive and neutral pictures in the brain scores was similar

in the two groups or greater for high gamers. This result is

inconsistent with the findings of Kirsh et al. (2006) and may

indicate that the association between chronic VGV exposure

and positive emotion does not extend to stimuli other than

faces. Another interesting finding related to the second latent

variable was the clustering of positive and violent pictures in

the high gamers, but not the low gamers. Within the general

aggression model (Anderson & Bushman, 2002), this

association could reflect the high gamers’ extensive history

of being rewarded for engaging in violence during game play,

resulting in positive and negative stimuli taking on similar

hedonic value. However, the novel and unexpected nature of

this association suggests that it should be replicated. Finally,

the pattern of electrode saliences for both latent variables

reveals that chronic VGV exposure is associated with the

modulation of a broadly distributed set of neural generators

that support relatively transient attentional processing of

valence or arousal (i.e., the EPN) and more sustained

evaluative processes (i.e., the LPP).

Experiment 2

Experiment 2 was designed to replicate and extend the findings

of Experiment 1. In this experiment, high and low gamers rated

the four types of pictures for colorfulness, pleasantness, or level

Low Gamers

High Gamers

-200 600ms

+5µV

Oz 

Oz 

Neutral

Violent

Negative

Positive

Fig. 2 Grand-averaged ERPs at electrode Oz, demonstrating the EPN.

The taller bar marks the onset of the stimulus, while the shorter bars

represent 200-ms increments, and positive is plotted up
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of threat in separate blocks of trials. Varying the orienting task

across blocks of trials allowed us to determine whether the

association between VGVexposure and the neural correlates of

affective picture processing observed in Experiment 1 was

relatively automatic or was moderated by the degree that the

emotional content of the pictures was relevant to task

performance. If the association between VGV and affective

picture processing is relatively automatic (Codispoti et al.,

2007), differences in neural activity between high and low

gamers should be similar across the three orienting tasks (i.e.,

the magnitude of the brain scores in the PLS analyses for

violent pictures should be reduced in high gamers, relative to

low gamers, across all three tasks). In contrast, if the

association between VGV and affective picture processing is

sensitive to variation in motivational or attentional factors

(Schupp et al., 2004), differences between the high and low

gamers may vary with the demands of the orienting tasks

(e.g., the magnitude of the brain scores for violent pictures

could be increased in high gamers, relative to low gamers, for

the threat-rating task, given their experience in detecting

threatening stimuli during game play). Additionally, we

examined whether the association between VGVand affective

picture processingmight be related to individual differences in

state emotion at the time of testing.

Method

Participants

Forty-eight males from Iowa State University participated in

this experiment. The recruitment procedure was identical to

that in Experiment 1. The sample included 24 high gamers

(M = 26 h per week, range = 9–58 h per week at the time of

the laboratory session) and 24 low gamers (M = 4 h per

week, range = 0–14 h per week at the time of the laboratory

session). The high gamers (M = 2.50, SD = 0.79) reported

greater familiarity with the four violent video games than did

the low gamers (M = 1.24, SD = 0.32), t(46) = 2.69, p<

.01. The high gamers (M = 19.87, SD = 3.52) and low

gamers (M = 19.73, SD = 1.28) were similar in years of

age and in their distribution of handedness (high gamers,

right = 20, ambidextrous = 3, left = 1; low gamers, right =

18, ambidextrous = 4, left = 2; Oldfield, 1971).

Materials

Media usage questionnaire The same questionnaire as that

used in Experiment 1 was administered during a screening

session and at the end of the laboratory session. The

internal reliability was good for the number of hours played

(screening coefficient α = .86, laboratory session coeffi-

cient α = .83), and the test–retest reliability of this measure

was acceptable (r = .75). The internal reliability was

acceptable for the level of violent video game exposure

(screening coefficient α = .70, laboratory session coeffi-

cient α = .71), as was the test–retest reliability of this

measure (r = .80).

Emotion scale The emotion scale required participants to rate

how strongly each of eight adjectives (bored, sad, energetic,

amused, calm, angry, happy, and anxious) described his

current emotional state by placing a mark on a 10-cm line

that was bounded by the labels “not at all” to “extremely.”

FCz

0

2.0

-2.0

F9

OzPO4

0

2.0

-2.0

C3

0

1.0

-1.5

CP3

0 500 1000

Fpz

0

1.0

-1.5
Iz

0 500 1000

Low Gamers High Gamers

First Latent Variable

-100

0

100

B
ra

in
 S

c
o
re

s
 

B
ra

in
 S

c
o
re

s
 

Low Gamers High Gamers

Second Latent Variable

-100

0

100

milliseconds milliseconds

µ
V

µ
V

µ
V

µ
V

0 500 1000 0 500 1000

milliseconds milliseconds
Negative ViolentPositiveNeutral

Negative ViolentPositiveNeutral

Fig. 3 Results of the PLS anal-

ysis for Experiment 1. The top

panel portrays the brain scores

(left) and electrode saliences

(right) for the first latent vari-

able. The bottom panel portrays

the brain scores and electrode

saliences for the second latent

variable. The error bars for the

brain scores represent the 95%

confidence intervals derived

from the bootstrap distribution

266 Cogn Affect Behav Neurosci (2011) 11:259–276



Picture-rating task The stimuli were identical to those used

in Experiment 1. Each of the 120 pictures was presented

once in three different blocks of trials, so that the

participants saw and rated each picture on three dimensions.

In separate blocks, participants rated the pictures for

pleasantness, level of threat, or colorfulness.

Procedure

Instructions were presented at the beginning of each block

indicating how the participants were to rate the pictures for

that block (e.g., “Rate how threatening each picture is on a

scale from 1 (least) to 4 (most)”), using the keys

“v,”“b,”“n,” and “m,” with “v” being least and “m” being

most. After instructions were delivered, participants were

shown three practice pictures, not included in the pictures

used for the experimental block. Pictures were presented in

a different random order for each participant within a block,

and the order of the blocks was counterbalanced across

participants. Participants completed the emotion scale prior

to beginning the picture-rating task. The procedure was

otherwise identical to that in Experiment 1.

Electrophysiological recording and analysis

The EEG recording was identical to that in Experiment 1.

ERP analysis epochs were obtained offline and included -

200 ms of prestimulus activity and 1,000 ms of poststim-

ulus activity. Averages were obtained for each of the picture

types separately for each rating task. The PLS analyses

were identical to those in Experiment 1, with a separate

analysis performed for each of the rating tasks.

Results

State emotion

The emotion scale was used to assess current emotional

state. A MANOVA with rating of the eight adjectives as

dependent measures (Table 2) revealed that the main effect

of group was not significant, F < 1. This indicates that the

groups were similar in their emotional state when they

began the picture-rating task.

Picture-rating data

Mean ratings of the pictures for the three tasks (Table 1)

were analyzed in a set of 2 (gamer status: low, high) × 4

(picture type: neutral, negative, violent, positive) ANOVAs.

In the analysis of the colorfulness-rating task, the main

effect of picture type was significant, F(3, 138) = 78.31, p =

.001, ηp
2 = .63. This reflected significant differences in the

colorfulness ratings of all picture types except the neutral

and negative pictures (Table 1). The gamer status × picture

type interaction was significant, F(3, 138) = 5.01, p = .01,

ηp
2 = .10, and reflected higher colorfulness ratings for

violent pictures by the high gamers (M = 2.47, SD = 0.29)

than by the low gamers (M = 2.23, SD = 0.48), t(46) = 2.08,

p = .04, and no differences between the two groups for the

other picture types.

In the analysis of the pleasantness-rating task, the main

effect of picture type was significant, F(3, 138) = 405.55, p =

.001, ηp
2 = .90. This effect reflected significant differences in

the pleasantness ratings of all picture types except negative

and violent pictures (Table 1). The main effect of gamer

status and the gamer status × picture type interaction were

not significant, Fs < 1, ηp
2 < .03.

In the analysis of the threat-rating task, the main effect of

picture type was significant, F(3, 138) = 573.16, p = .001,

ηp
2 = .93. This reflected significant differences in the threat

ratings of all picture types, with the mean ratings increasing

from neutral to positive, from positive to negative, and from

negative to violent pictures (Table 1).The main effect of

gamer status and the gamer status × picture type interaction

were not significant, Fs < 1, ηp
2< .02.

ERP data

The grand-averaged ERP data for the four types of pictures

and the three rating tasks at four midline electrodes for the

high and low gamers are presented in Fig. 4. Consistent

with the results of Experiment 1, one can see a small EPN

over the occipital-parietal region around 250 ms after

Table 2 Mean ratings on the emotion scale in Experiment 2

Low Gamers High Gamers

Bored M 27.83 33.54

SD 20.22 22.75

Sad M 5.63 5.29

SD 9.05 9.29

Energetic M 38.05 28.54

SD 15.87 18.47

Amused M 56.96 49.29

SD 19.46 17.89

Calm M 66.25 68.29

SD 12.25 12.18

Angry M 2.88 5.21

SD 4.33 11.53

Happy M 54.21 53.92

SD 10.59 20.24

Anxious M 32.71 41.04

SD 23.25 22.57
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stimulus onset, the LPP beginning around 400 ms after

stimulus onset, and slow wave activity over the frontal

region of the scalp distinguishing the four types of pictures.

Color-rating task The permutation test revealed three signif-

icant latent variables (p = .001, p = .001, p = .002) that

accounted for 44.59%, 24.99%, and 18.93% of the cross-

block covariance, respectively. The first latent variable

represented a contrast of negative and violent pictures with

neutral and positive pictures (Fig. 5, top panel), appearing to

capture the negativity bias. Unlike in Experiment 1, the

magnitude of the brain score for violent pictures was not

smaller in the high gamers than in the low gamers. The

electrode saliences for the first latent variable revealed two

stable time periods of neural activity. The first reflected a

transient effect over the occipital region that peaked around

280 ms after stimulus onset and may reflect the EPN

(electrode Oz). The second reflected a sustained modulation

over the parietal and lateral frontal regions between 400 and

800 ms after stimulus onset, reflecting the LPP (electrodes

Pz, F10).

The second latent variable represented a contrast

between positive and neutral pictures in the high gamers

and between positive and neutral and negative pictures in

the low gamers (Fig. 5, middle panel). This latent variable

may capture the neural correlates of processing positive

affective information. The electrode saliences revealed two

time periods of stable neural activity. The first reflected a

transient modulation over the parietal-occipital region that

peaked around 150 ms after stimulus onset (electrode PO4).

The second reflected a sustained modulation over the

occipital and right lateral frontal regions between 400 and

800 ms after stimulus onset (electrode F3, PO4). As was the

case for the second latent variable in Experiment 1, the

pattern of brain scores for this latent variable seems

inconsistent with the idea that there is an association

between VGV exposure and positive affect.

The third latent variable represented a contrast between

negative and violent pictures, with this difference appearing

to be stronger in low gamers than in high gamers (Fig. 5,

bottom panel). The electrode saliences revealed one stable

time period of neural activity that reflected a negativity

extending from the midline central-parietal to the frontal-

central region over the left hemisphere (electrodes FC5,

CP1) and a positivity extending from the parietal to the

lateral frontal region over the right hemisphere between 300

and 700 ms after stimulus onset (electrode FT10).

Pleasantness-rating task The permutation test revealed two

significant latent variables (p = .001, p = .001) that accounted

for 65.02% and 22.23% of the cross-block covariance,

respectively. The first latent variable represented a contrast

between the negative and violent pictures and the neutral and

positive pictures (Fig. 6, top panel), appearing to capture the

negativity bias. The difference in the magnitude of the brain

scores for negative and violent pictures was smaller in high

gamers than in low gamers, possibly indicative of desensi-

tization to violence in the high gamers. The electrode

saliences revealed one period of stable neural activity for

this latent variable, reflecting a sustained parietal positivity

and lateral frontal negativity between 400 and 1,000 ms after

stimulus onset, reflecting the LPP (electrodes Pz, F9, F10).

Low Gamers High Gamers

Color

Low Gamers High Gamers

Pleasant

Low Gamers High Gamers

Threat

+2µV

-200 1000ms

FCz

Fpz

Oz  

CPz

FCz

Fpz

Oz  

CPz

FCz

Fpz

Oz  

CPz

Neutral

Violent

Negative

Positive

Fig. 4 Grand-averaged ERPs at select electrodes for Experiment 2,

demonstrating the time course of the EPN (open arrows) and LPP

(black arrows) in high and low gamers across the three tasks. The

taller bar marks the onset of the stimulus, while the shorter bars

represent 200-ms increments, and positive is plotted up
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The second latent variable represented a contrast

between positive pictures and neutral pictures (Fig. 6,

bottom panel), appearing to represent the processing of

positive information. The magnitude of the brain scores for

positive pictures was similar in low and high gamers,

indicating that VGV exposure was not associated with

positive affect. The electrode saliences revealed a sustained

modulation over the frontal-central and parietal regions

over most of the analyzed epoch (electrodes Fpz, Fz, Oz).

Threat-rating task The permutation test revealed three

significant latent variables (p = .001, p = .001, p = .03)

that accounted for 71.25%, 16.70%, and 7.03% of the

cross-block covariance, respectively. The first latent vari-

able represented a contrast between negative and violent

pictures and neutral and positive pictures (Fig. 7, top

panel), appearing to capture the negativity bias. The

magnitude of the brain scores was greater for violent

pictures than for negative pictures, and this difference was

similar for low and high gamers. This finding may indicate

that directing attention to the level of threat represented in

the pictures increases the salience of the violence portrayed

in the pictures. The electrode saliences for the first latent

variable revealed a sustained positivity over the parietal

region and negativity over the lateral frontal regions

between 400 and 1,200 ms after stimulus onset, reflecting

the LPP (electrodes Pz, F9, F10).

In the low gamers, the second latent variable contrasted

neutral and violent pictures with negative and positive

pictures (Fig. 7, middle panel), and in the high gamers, this

latent variable contrasted only neutral pictures with positive

pictures. The electrode saliences revealed a single stable

time period of neural activity that reflected a sustained

negativity extending from the frontal to the central-parietal

region (electrodes Fz, CPz) and a positivity over the

occipital region between 400 and 1,200 ms after stimulus

onset (electrode Iz).

The third latent variable reflected a contrast of negative

and violent pictures in the high gamers (Fig. 7, bottom

panel). In the low gamers, only the brain score for negative

pictures was different from zero. The electrode saliences

revealed a single time period of stable neural activity that

reflected a sustained negativity over the left central region

(electrode C5) and positivity that extended from the

temporal to the lateral frontal region over the right

hemisphere between 600 and 800 ms after stimulus onset
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(electrodes F8, TP8). The pattern of stable brain scores for

this latent variable is somewhat consistent with the third

latent variable for the colorfulness-rating task. Differences

between the two analyses may indicate that the effect is

attenuated, particularly in low gamers, when attention is

directed to the level of threat represented in the stimuli.

Discussion

Experiment 2 reveals a number of interesting findings

related to the association between chronic VGV exposure

and the neural correlates of affective picture processing. For

each task, the first latent variable appeared to capture the

negativity bias, reflecting a contrast of negative and violent

pictures with positive and neutral pictures. Focusing

individuals on the level of threat represented in the pictures

appears both to enhance the neural response to violent

pictures and to eliminate differences between high and low

gamers in the expression of the negativity bias that may

exist for the other rating tasks. This finding may indicate

that the association between VGV exposure and affective

picture processing is moderated by the goals of the

individuals, rather than reflecting an automatic response

that influences affective information processing uniformly

across task contexts.

The second latent variable appeared to reflect the neural

correlates of processing positive emotion. For the

pleasantness-rating task, the pattern of brain scores was

similar for high and low gamers. In contrast, for the other

tasks, the contribution of negative pictures in the low

gamers varied with task demands. Within the context of

work by Kirsh et al. (2006), the results of the present

analyses fail to reveal a consistent association between

VGV exposure and the neural correlates of processing

positive affect.

In the colorfulness- and threat-rating tasks, the third

latent variable generally reflected a contrast between

negative and violent pictures. For the colorfulness-rating

task this contrast appeared to be stronger for low gamers

than for high gamers; in contrast, the opposite was true for

the threat-rating task. Together, these findings may indicate

that differences in the neural response to negative and

violent pictures interact with the attentional orientation of

the individual and individual differences in VGV.

Combined analysis of color-rating task

In Experiments 1 and 2, we observed a number of

associations between chronic VGV exposure and the neural

correlates of affective picture processing. One limitation of

these results is that VGV exposure was treated as an extreme

group variable, making it impossible to determine whether or

not these associations are linear in nature. To further examine

the nature of the association between VGV exposure and the

neural correlates of affective picture processing, the ERP

data for the color-rating task for the two experiments were

combined. A median split was performed on the hours

played per week for the high gamers, creating a group of 23

mid gamers (M = 16 h per week, SD = 5) and 22 high

gamers (M = 42 h per week, SD = 14). A group of low

gamers was formed by randomly selecting 23 or the 45 low

gamers from across the two experiments (M = 3 h per week,

SD = 4).

The grand-averaged ERPs at four midline electrodes are

presented in Fig. 8. The permutation test for the PLS

analysis revealed three significant latent variables (p = .001,

p = .001, p = .002) that accounted for 42.37%, 24.45%, and

15.32% of the cross-block covariance, respectively. The

first latent variable represented a contrast between negative

and violent pictures and neutral and positive pictures

(Fig. 9, top panel), appearing to capture the negativity bias.

As in Experiment 1, the magnitude of the brain score for

negative pictures was similar for the low and high gamers,

while the size of the brain score for violent pictures was

reduced in the mid and high gamers, relative to the low

gamers. The electrode saliences revealed two stable time

periods of neural activity. The first reflected a transient

negativity over the occipital region around 280 ms after

stimulus onset, likely reflecting the EPN (electrode Oz).

The second reflected a sustained positivity over the central

and parietal regions 500–1,000 ms after stimulus onset,

likely reflecting the LPP (electrodes CP3, Pz).

The second latent variable represented a contrast

between positive pictures and neutral pictures (Fig. 9,

middle panel) and revealed a quadratic association with

gaming status (i.e., it increased from low to mid gamers and

then decreased from mid to high gamers). The electrode

saliences revealed one stable time period of neural activity,

reflecting a sustained negativity over the frontal-central

region between 500 and 800 ms and a positivity over the

parietal-occipital region between 400 and 1,000 ms (elec-

trodes FCz, PO10, Oz).

The third latent variable represented a contrast between

negative pictures and violent pictures (Fig. 9, bottom

panel), with the strength of the contrast decreasing in a

linear fashion from low gamers to high gamers. The

electrode saliences revealed two stable time periods of

neural activity. The first reflected a sustained negativity

over the lateral frontal region and positivity over the central

parietal region that persisted for most of the epoch

(electrodes F9, TP8). The second reflected a transient

positivity over the parietal-occipital region that peaked

around 300 ms (electrode PO9).
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Following the findings of Bartholow et al. (2006), the

first and third latent variables appear to indicate that VGV

exposure is associated with changes in one’s sensitivity to

violent stimuli. The results of the combined analysis also

indicate that there may be both linear and nonlinear

associations between the level of chronic VGV exposure

and the neural correlates of affective picture processing.

General discussion

The present study examined the association between

chronic VGV exposure and affective picture processing.

Past research indicates that VGV exposure is associated

with desensitization to violent stimuli (Anderson et al.,

2010; Bartholow et al., 2006) and changes in the processing

of facial expressions (Kirsh et al., 2006). The present

investigation was designed to extend previous work,

examining the association between VGV exposure and the

processing of positive emotion in stimuli other than faces,

to determine whether desensitization to violence is ob-

served with a single presentation of the stimuli and to

ascertain whether the association between VGV exposure

and desensitization to violent stimuli was sensitive to the

relevance of emotion for task performance. The data extend

previous research by demonstrating that VGV exposure is

associated with differences in early transient processing

associated with attentional orienting (i.e., transient frontal

modulations and the EPN) and more sustained activity

related to evaluative processing (i.e., LPP).

The negativity bias

The negativity bias was clearly seen in the first latent

variable of each of the PLS analyses, reflecting a contrast of

negative and violent pictures with neutral and positive

pictures. This finding is consistent with previous research

using ERPs to examine the neural correlates of the

negativity bias (Ito & Cacioppo, 2005; Ito et al., 1998)

and recent work from our laboratory using PLS analysis to

identify the ERP correlates of the negativity bias (Bailey et

al., 2011). Two aspects of the data lead to the suggestion

that the negativity bias represents an effect of valence rather

than of arousal. First, normative arousal ratings overlapped

for the positive and negative pictures; second, there were no

systematic differences in the magnitude of the brain scores

for positive and neutral picture across the analyses, even

though these stimuli differed in arousal. Across the two

experiments, three distinct components of the ERPs were

sensitive to the negativity bias. The earliest expression of

the negativity bias reflected a transient modulation of the

ERPs over the frontal region between 100 and 200 ms after

stimulus onset. The next manifestation of the negativity

bias was seen as a modulation of the amplitude of the EPN

over the parietal-occipital region between roughly 200 and

300 ms after stimulus onset. Finally, the negativity bias

modulated the amplitude of the LPP over the parietal region

between 400 and 1,000 ms after stimulus onset. These data

are consistent with recent work by Foti et al. (2009)

demonstrating that multiple components of the ERPs are

sensitive to the affective information represented in pic-
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tures, with some of these components being differentially

sensitive to positive and negative valence.

The presence of the negativity bias in the present

experiments is inconsistent with recent work demonstrating

that this effect may represent an artifact of the nature of the

stimuli that are included in the design (Weinberg & Hajcak,

2010). Specifically, these investigators found that the

negativity bias was eliminated when erotic stimuli were

included in the comparison of negative and positive

pictures and that the effect was observed when negative

pictures were compared with positive nonerotic pictures.

Recent work from our laboratory replicated this pattern of

data when measures of mean voltage were used to quantify

differences in neural activity between positive and negative

pictures (Bailey et al., 2011). However, when PLS analysis

was applied to the same dataset,a latent variable was

observed that contrasted the violent and negative pictures

used in the present experiments with the positive pictures

used in the present experiments and a set of erotic pictures.

Given these findings, it seems that the negativity bias does

represent a robust attribute of affective information pro-

cessing (Baumeister et al., 2001). However, it also appears

that further research is required in order to gain a clearer

understanding of the impact of variation in stimulus

attributes on this effect.

Differences in the expression of the negativity bias in the

color-rating task, where emotion was not relevant to task

performance, and in the pleasantness- and threat-rating

tasks, where emotion was relevant to task performance,

reveals that this effect is sensitive to the attentional

demands of the orienting task, rather than reflecting a

relatively automatic effect (Ito & Cacioppo, 2005; Ito et al.,

1998; Smith, Cacioppo, Larsen, & Chartrand, 2003).

Specifically, when emotion was not relevant to task

performance in the colorfulness-rating task, the magnitude

of the brain scores for negative and violent pictures was

relatively similar in the PLS analysis. In contrast, the

magnitude of the brain scores was greater for violent

pictures than for negative pictures when emotion (i.e.,

pleasantness or level of threat) was relevant to task

performance. On the basis of these findings, it appears that

making an affective judgment about the pictures, regardless
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of the valence of the judgment, served to potentiate the

negativity bias for violent pictures. The present findings

lead to the suggestion that the relative importance of

various types of negative information—for instance, vio-

lence versus grief and loss—may be influenced by the

context in which the stimuli are presented (Baumeister et

al., 2001).

ERPs and positive emotion

The second latent variable from the PLS analyses appeared

to capture the ERP correlates of processing positive

emotion. In each of the analyses, this latent variable

contrasted positive pictures and neutral pictures. This

finding is consistent with some previous research revealing

differential neural activity for positive stimuli relative to

neutral stimuli (Carretie et al., 2006; Codispoti et al., 2007;

Weinberg & Hajcak, 2010). The contribution of negative

and violent pictures to the second latent variable varied

across the experimentsand rating tasks and with gamer

status (e.g., for Experiment 1, the second latent variable

contrasted neutral pictures with positive and violent

pictures in the high gamers, while in Experiment 2, the

second latent variable contrasted positive pictures with

neutral and negative pictures in the low gamers). It is not

clear what factors contributed to variation in the expression

of the second latent variable in the different analyses,

leading to the suggestion that this is one avenue for future

investigation.

If one focuses on the brain scores for positive and neutral

pictures in the second latent variable, there appears to be

relatively little association between chronic VGV exposure

and the neural correlates of processing positive affective

information, with the possible exception of the quadratic

association observed in the combined analysis of the

colorfulness-rating data. The present data reveal that the

negative association between VGV and processing positive

affective information observed by Kirsh and colleagues

(Kirsh et al., 2006; Kirsh & Mounts, 2007) may be limited

to emotion carried in the face.

VGV exposure and desensitization to violence

Consistent with Bartholow et al. (2006), the present study

showed some evidence for desensitization to violent

pictures in high gamers, relative to low gamers. There were

two latent variables that appeared to express the association

between VGVexposure and desensitization to violence. For

the first latent variable in Experiment 1, the magnitude of

the brain scores for negative pictures was similar for low

and high gamers, while the magnitude of the brain scores

for violent pictures was reduced in high gamers, relative to

low gamers. This general pattern was also observed for the

first latent variable of the combined analysis and appeared

to reflect differences between low, and mid and high

gamers. The interaction between gaming status and the

processing of negative and violent pictures was reduced or

eliminated when emotion was relevant to task performance

in the pleasantness- and threat-rating tasks, leading to the

suggestion that the expression of desensitization on the

negativity bias was sensitive to the attentional or processing

demands of the task.

The pattern of brain scores for the third latent variable in

the analysis for the colorfulness- and threat-rating tasks for

Experiment 2 and the combined analysis also provided

some evidence for desensitization to violence in high

gamers. For the color-rating task and in the combined

analysis, the magnitude of the difference between negative

and violent pictures decreased as VGV exposure increased,

as might be expected if VGV exposure is associated with

desensitization to violence. In contrast, for the threat-rating

task, the contrast between negative and violent pictures was

stronger for high gamers than for low gamers. This finding,

together with the lack of an association between VGV

exposure and affective picture processing for the first latent

variable in the threat-rating task, may again indicate that the

expression of desensitization to violence in high gamers is

dependent on the processing demands of the orienting task

that is being performed.

Limitations and conclusions

A limitation of the present study is that VGV exposure was

measured as an individual-difference variable, rather than

being induced in an experimental study. This makes it

possible that group differences other than VGV exposure

per se may drive the association between gamer status and

affective picture processing. One plausible alternative

would be that people who are already desensitized to

violence choose to spend more time playing violent video

games. While we cannot address this alternative in our data,

there is a large body of evidence demonstrating that

increased levels of aggression and desensitization to

violence are consistently observed in studies using a variety

of methods, including those involving individual differ-

ences (Bartholow et al., 2006), those examining the effect

of acute VGV exposure (Carnagey et al., 2007), and those

assessing longitudinal changes in aggression associated

with VGV exposure after controlling for baseline levels of

trait aggression and VGV exposure (Anderson et al., 2010).

Given the robustness of the association between VGV

exposure and desensitization to violence, it seems reason-

able to suggest that at least some of the association between

gamer status and the neural correlates of affective picture

processing observed in the present study resulted from

VGV exposure.

274 Cogn Affect Behav Neurosci (2011) 11:259–276



A second alternative may be that individuals with certain

personality traits are more susceptible to the effects of VGV

exposure. For example, anger and psychoticism have been

found to moderate the effect of VGVexposure on aggression,

such that individuals who are high on these traits display

greater aggression after VGV exposure than do individuals

who are low on these traits (Giumetti &Markey, 2007; Markey

& Scherer, 2009; Peng, Liu, & Mou, 2008). In the present

study, low and high gamers reported similar levels of anger

(Experiment 2); therefore, it seems unlikely that individual

differences in this variable account for the relationship

between gamer status and affective picture processing. In a

recent study, Markey and Markey (2010) demonstrated that

the individuals most susceptible to the effects of VGV

exposure on aggression were high on neuroticism and low

on conscientiousness and agreeableness. This cluster of

personality variables was not measured in the present study,

so considering the potential influence of these personality

characteristics represents one avenue of future research.

In conclusion, the present study demonstrates that VGV

exposure is associated with variation in the neural correlates of

affective picture processing. Consistent with the findings of

Bartholow et al. (2006), desensitization to violent pictures

was observed in high gamers, relative to low gamers, in

some task conditions. The nature of the association between

VGV exposure and the neural correlates of affective picture

processing reflected both linear and nonlinear effects,

meaning that it may be important to consider continuous in

addition to extreme group samples in future studies. The

association between VGV exposure and affective picture

processing was moderated by the orienting task being

performed, suggesting that care should be taken when

interpreting the results of a single comparison within this

area of research. In contrast to previous research using faces,

there appears to be little association between VGV exposure

and the neural correlates of processing positive affective

information.
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