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Highlights

- The study tested inhibitory control in online gamers playing MOBA, MMORPG, or FPS.
- The study controlled for the effect of age, impulsivity, and psychopathology.

- Online FPS gamers displayed accelerated motor responses.

- Online FPS gamers displayed reduced abilities to cancel a prepotent response.

- Game genres have differential impacts on executive control.
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Abstract

Studies have shown that regular video games udet inigprove cognitive and social skills. In
contrast, other studies have documented the negatittomes of excessive gaming vis-a-vis
health and socioprofessional spheres. Both positivenegative outcomes of video game use
were linked to their structural characteristics.(features that make the game appealing or
are inducements for all gamers to keep playinglegty). The current study tested whether
active video gamers from main genres (massiveltiplayer online role-playing games,
online first person shooter, multiplayer onlinetleaarena) differed in a laboratory task that
measured inhibitory control. Eighty-one gamers @enied the Hybrid-Stop Task, assessing
restraint (go/no-go trials) and cancellation (ssignal trials) processes of a prepotent
response. They completed additional self-reportestionnaires measuring demographics,
problematic video game use, impulsivity traits, a@egressive symptoms. Results showed
that when confounding variables were controlled participants whose favorite game is
online first person shooter were characterizeddogkerated motor responses yet reduced
abilities to cancel a prepotent response. No diffees between groups were identified
regarding the restraint process. The findings isfpilot study might have clear implications
for video gaming research by supporting the ciificgportance of distinguishing between

video game genres when considering their speaifiergial benefits and detrimental effects.

Keywords: online video games, MMORPG, MOBA, FPjliition, inhibition control
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1. Introduction

Video games have always benefitted from technodgidvancements, mostly since the
arrival of Internet, which allows gamers to cooper@nd to compete against each other all
over the world. Online gaming is nowadays a maure activity that enrolls millions of
players on a regular (most often daily) basishmlast two decades, a growing number of
studies have explored the potential positive oue®e.g., improvement of social and
interactive skills, promotion of positive affectdawell-being, optimization of attentional and
executive functions) (Griffiths, Davies, & Chappe&D04; Zhong, 2011) and negative
outcomes (e.g., social conflicts and academic gigrn, loss of control, compromised health)
(Achab et al., 2011; Longman, O’Connor, & Obst, 208tetina, Kothgassner, Lehenbauer, &
Kryspin-Exner, 2011associated with addictive use of video games irctimtext of constant
development and popularization of these gamesvatrkwide level. In 2013, Internet
gaming disorder was included in Section 3 of thté edition of theDiagnostic and Statistical
Manual of Mental Disorderas a potential new psychiatric condition (i.e.ta¢ime condition
deserving attention for future research) (AmeriPagchiatric Association, 2013ince then,
research on Internet gaming disorder has bloss@kesk & Billieux, 2016).

A caveat about studies conducted on video gamemds (especially those that
considered negative outcomes and excessive usatigtithey largely failed to take into
account game genres. Indeed, it is known that gaste genre possesses its own structural
characteristics (Billieux, Deleuze, Griffiths, & Ks, 2015; King, Delfabbro, & Griffiths,
2011). Accordingly, game genre can diverge in maspects, including (but not limited to)
addictive potential, underlying motives (e.g., @eiment, immersion, socialization), and
mobilization of distinct cognitive processes (esmistained attention, inhibitory control).

Most studies conducted on the positive and negafieets of video games were

performed with players of massively multiplayerioalrole-playing game@MORPGS),
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this game genre long being the most popular. éeemt years saw a growing interest in other
types of online games, namely, online first perslbooter(FPS) and multiplayer online battle
arena (MOBA). Their growing popularity was espdgialipported by the development of
eSport through the popularization of internatiomants (e.g., international championships or
tournaments) simultaneously broadcasted worldwodwitlions of viewers (Kollar, 2015).

1.1. Online game genres

Insert Table 1 about here

The main structural characteristics of MMORPG, MQBAd online FPS are
summarized in Table 1. MMORPGs take place in pensisvirtual worlds continuing to exist
independently of the player’s presence. Gamer'saaves to constantly progress (e.g., to
gain levels and items) through in-game achievemevtigeh are generally favored by
successful collaborations and/or competitions witker players. The most famous
MMORPG isWorld of Warcraftreaching peaks of 12 million daily players in 2@$@atista,
2014). An important aspect of MMORPGs is that thgw different gaming styles,
including competition and cooperation with otheay@rs, immersion in huge and consistently
evolving virtual worlds, and role-playing compore(Billieux et al., 2013; Yee, 2006).

In contrast, MOBA consists of intensive, short gagnsessions (30-45 minutes), in
which teams of players have to destroy the oppémé&meadquarters” in battles requiring
both strategic abilities (e.g., knowing the stréisgind weaknesses of the various game
elements) and reactive skills (e.qg., to attaclo@avoid confrontation). The most famous
MOBA is League of Legenda free-to-play game that currently attracts adol®0 million
active gamers monthly (Statista, 2016).

For their part, online FPSs require motor coordamatrapidity, and reactive skills for

ultimately “shooting before being shot.” In FPSs &ction is generally centered on a gun (or
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other similar weapons) and involves confrontati@fights) through a first-person perspective
in which the player has to kill enemies (other playor computer generated), or perform
other types of missions (e.g., controlling spedfieas or territories, capturing a flag).

1.2. Self-control and online gaming

The multidimensional construct of self-control leen extensively investigated in
relation to video game involvement, mostly in relatto “dysfunctional,” “harmful,” or
“addictive” video game use (D’Hondt, Billieux, & Mieage, 2015; King, Haagsma,
Delfabbro, Gradisar, & Griffiths, 2013). This focas self-control-related processes is mainly
because problematic video game use has for a déeateconceptualized as a “behavioral”
addiction(Lopez-Fernandez, 201#)which impaired self-control (e.g., executive ¢tion
impairment, poor decision making and delay discogntimpulsive personality traits) is a
central etiological factor (Grant, Potenza, Weimst& Gorelick, 2010; Groman, James, &
Jentsch, 2009). The available literature indeedsstg relatively similar alterations in
cerebral areas underlying self-control in video medisorders in comparison to other types
of addictive disorders (Fauth-Buhler & Mann, 201Gase-control studies also showed that
problematic online gamers display poor decisionimgkbilities (Bailey, West, & Kuffel,
2013; Pawlikowski & Brand, 2011) and impaired premd response inhibitory control (Littel
et al., 2012). An important finding is that impuwisy traits also have a predictive role in the
onset and perpetuation of the disorder (Gentidd.e2011).

Nevertheless, the types of games in which partitgpwere involved were generally not
considered in existing studies. Notable exceptammprised reports that showed impaired
decision making under risk in a case-control stngplving MMORPG problematic gamers
(Pawlikowski & Brand, 2011), impaired inhibitory miwol (assessed with a go/no-go task) in
another case-control study conducted with probleniRS players (Metcalf & Pammer,

2014), and a tendency toward compromised rewawmbdiging in excessive MOBA gamers
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(Nuyens et al., 2016). Moreover, violent video ganespecially FPSs, have for some time
been targeted in studies that challenge the idgatiese games favor violent and aggressive
behaviors, with, to date, mixed and controversmalatusions (Anderson et al., 2010;
Ferguson, 2011).

In contrast, a growing body of evidence convergedemonstrating that video game
use is susceptible to improvement of specific ctdigmiprocesses (Anguera et al., 2013),
which notably opens up promising avenues for dgiepgame-based interventions in
various populations, including elderly individuatenditions marked by impaired self-control
(e.g., neuropsychological, impulse control, or atidé disorders) (Thorens et al., 2016), and
psychiatric disorders characterized by severe tiwgralterations (e.g., schizophrenia,;
Amado et al., 2016). To date, among the video ggemees described above, demonstrated
cognitive benefits were limited to studies conddaie FPSs. More precisely, several reports
highlighted that FPS players, in comparison toviatlials with little or no gaming experience,
display improved top-down guidance of attention (&/8pence, 2013), optimized
monitoring and updating of working memory (Colzatan den Wildenberg, Zmigrod, &
Hommel, 2013), improved visuomotor controls (Li,édh& Chen, 2016), faster reaction
times (Colzato et al., 2013), and better cognitieribility (Colzato, van Leeuwen, van den
Wildenberg, & Hommel, 2010). It is, however, wortbting that a study focusing on
inhibitory control (measured with a stop-signakjashowed identical inhibition capacities
between experienced and non-experienced FPS plggeizato et al., 2013). Nevertheless, to
date, no study has compared the effect of regslaoi different types of video games on

cognitive performances.

1.3. Current study
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The current study was designed as a pilot studyaiin@ed at testing whether video
gamers favoring different game genres (i.e., MMORNMGBA, or online FPS) differed in
terms of (1) reaction time and (2) inhibitory caitdefined as the capacity to refrain or
suppress prepotent motor responses (Friedman &Kdjy2004). We decided to focus on
inhibitory control, as this executive mechanisra isey aspect of self-control involved in the
proactive control of goal pursuit (Braver, GrayB&irgess, 2008; Strack & Deutsch, 2004)
and advantageous decision making (Billieux, Gay;Ha, & Van der Linden, 2010).
Moreover, inhibitory control impairment is a hallrkaf addictive and impulsive disorders
(Groman et al., 2009; Smith, Mattick, Jamadar, &dale, 2014). On the basis of previous
studies that showed a potential positive effed¢t® use on a wide range of cognitive
processes, we postulated that FPS gamers wouldnresiuced reaction time compared to
MOBA and MMORPG gamers. This impact on reactivibylcl be encouraged by the nature
(and structural characteristics) of FPSs, whichrtes impulsive choices, i.e., “shooting”
more quickly and more accurately than the opposeitlyers. We also expected reduced
inhibitory controls among online FPS gamers becafisecompromised trade-off between
speed and accuracy (Heitz, 2014). To test thesethgpes, we decided to control for
confounding variables (i.e., variables known tduehce reaction time and/or inhibitory
control), namely, age, gender (only males wereuthetl in the study), symptoms of
disordered video game use, impulsive personaliysirand depressive symptoms (Billieux et

al., 2010; Cross, Copping, & Campbell, 2011; d’Acoat & Van der Linden, 2007).

2. Method

2.1.Participants and procedure

Inclusion criteria for this study were being 18 igear over, a native or fluent French
speaker, and currently and regularly (i.e., alnevstry day) playing either MMORPGs,
MOBAs, or online FPSs. The sample was compose® eb8inteer gamers recruited on the

7



147  campus of Université catholique de Louvain (in ¢hg of Louvain-la-Neuve), through a

148  Facebook announcement, and by word of mouth. Thexe all males, aged between 18 and
149 39 yearsiM = 21.91,SD= 3.84). Participants were informed about the anutyof the study
150 and gave their prior consent. They received amitee of 10 euros at the end of the

151  experiment. The ethical committee of the Psychalmlgbcience Research Institute of the
152  Université catholigue de Louvain (Belgium) approvid study protocol.

153 A series of items were used to measure video gaprmefgrences (listing of video games
154  played, preferred type of video game genre). Gatdtrfbution was determined from self-

155  reported preferred video games. Participants wieteasked to estimate the mean time (in
156  hours) spent playing their preferred genre on alydgasis. One subject failed to report a
157  preferred type of video game and was thus excl@idend the analyses. The proportion of
158  participants playing MOBA was 52% (n = 45), whereane FPS and MMORPG games
159  were practiced by 41% (n = 35) and 29% (n = 28hefparticipants, respectively. Part of the
160 sample (15%, n = 13) also reported playing viden@mthat do not fall under the above-
161  mentioned categories (e.g., online simulation al-tieme strategy game). Regarding the

162 favored video game genre, the majority of partiotpg43%, n = 37) indicated MOBA as

163  their preferred genre, whereas 32% (n = 27) indit#tat it was FPS and 25% (n = 21) that it
164 was MMORPG. Part of the sample played more thangenee at the time of the experiment
165  (38% among MOBA players, 11% among FPS players 488 among MMORPG players).
166 After signing the consent form and reading the ag@anying information, participants
167  performed a laboratory task that measured diffesspéects of inhibitory control: The Hybrid-
168  Stop Task (Schachar, Forget-Dubois, Dionne, Bo&iRRobaey, 2011). After completing the
169  task, participants filled self-reported scaleshia tollowing fixed order: The Problematic

170  Online Gaming Questionnaire (POGQ; Demetrovicd.ef12), the UPPS-P Impulsive

171 Behavior Scale (UPPS-P; Billieux, Rochat, et @12), and the Beck Depression Inventory-
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[l (BDI-1I; Beck, Steer, & Brown, 1998). Table 2 filees the various constructs measured by
the self-reported scales and reports their intezoasistencies. Participants also completed

other measures unrelated to the current study @hbendescribed elsewhere.

Insert Table 2 about here

2.2.Behavioral task

The Hybrid-Stop Task is a computerized task dewaddpy Schachar et al. (2011) to
assess two distinct components of inhibitory cdntancellation (i.e., interrupting an
ongoing automatized action) and restraint (i.eeyenting an action when required). The
Hybrid-Stop Task comprises three types of tridl$:go trials (a measure of reaction time),
(2) no-go trials (a measure of the restraint pregesd (3) stop-signal trials (a measure of the
cancellation process). An initial training sesstomposed of 16 trials aims at automatizing
the association between target stimuli and respkege The task then begins, composed of
320 trials divided into five blocks. In go trials60 trials), the participant has to indicate as
quickly as possible the direction in which a wtidteow points as it appears in the middle of
the screen by pressing specific key buttons. ligmdrials (80 trials), the arrow appears blue,
requiring the participant to avoid answering (ps=cef restraint). In stop-signal trials (80
trials), the arrow first appears black before tngiblue after a varying quick delay, requiring
the participant to interrupt the ongoing actiorof@ss of cancellation). The first stop-signal
delay of the Hybrid-Stop Task is based on the nteaation time measured during the
training session. A dynamic algorithm continuouslgdifies the delay on the basis of the
participant’s performance in each stop-signal:t88l ms shorter in the case of failed
inhibition (making the next trial easier to inhjpind 50 ms faster in the case of successful

inhibition (making the next trial harder to inhipbit
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Participants were instructed to answer as quicklga@ssible, no matter the type of trial,
and to avoid answering when a blue arrow appeathiel instructions, participants were
warned that they must not anticipate the poteapigearance of the stop signal, which implies
that making errors is inevitable. The efficiencytlod restraint process is measured through
the percentage of errors at go/no-go trials. Tineekation process is measured through the
number of stop-signal errors and the calculatiothefstop-signal reaction time (SSRT)
(Logan, 1994), which represents the mean time iichwthe participant is able to perceive a
stop signal and to interrupt his/her answer. Thegration method was used to determine the
SSRT (Logan & Cowan, 1984), this method being recy as the most accurate SSRT
estimation (Verbruggen, Chambers, & Logan, 2018)n§ in which participants made errors
were removed before the calculation of the meacti@atime. To limit the impact of late
responses, we suppressed every no-stop trial gmtomger than the mean for no-stop trials
plus 2.5 standard deviations on a subject-by-stibgsis and did not take it into account in

the analyses.

3. Reaults

3.1.Data reduction

Four participants were excluded from the analydese were considered outliers in
terms of time spent playing video games and ondéwthical problems with the stop-signal
task (two FPS gamers, one MOBA gamer, and one MM®B&mer). The final sample was
thus composed of 81 male volunteer gamers agecebatd8 and 39 yeardl(= 22.07,SD=

3.83).

3.2.Control variables

Before comparing the groups (MOBA, online FPS, MM&R on the Hybrid-Stop Task

measures, we ran a set of analyses of variancemify potential group differences within

10
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the control variables retained, namely (1) demdyi (2) time spent playing per week, (3)
impulsivity traits (UPPS-P), (4) video game excessise symptoms (POGQ), and (4)
depressive symptoms (BDI-Il), using Bonferroni-emted post hoc tests when significant
differences were identified. On the basis of reckatié questioning the utility of
distinguishing between positive and negative urgéBerg, Latzman, Bliwise, & Lilienfeld,
2015) and the high correlation between these tvmstcocts in the current study £ .53,p <
.001), we used a unigue score of general urgenesndgraphics for the final sample are
reported in Table 3. A significant difference apeebregarding the mean hours of playtime
(online FPS players reported less weekly time spkying than did MMORPG and MOBA
gamers). However, this variable is not significauctbrrelated with the Hybrid-Stop Task

variables and was thus not considered as a cosariat

Insert Tables 3 and 4 about here

3.3.Inhibitory control

One-way analyses of variance were computed to caergexformances in the Hybrid-
Stop Task (reaction time, cancellation process,rasttaint process) between groups, while
applying Bonferroni-corrected post hoc tests. AHults are reported in Table 4. Post hoc
comparisons revealed that gamers favoring onlire @Bplayed faster reaction times to go
trials and presented a reduced ability to cancelldomatic motor response (higher SSRT)
than did gamers favoring MOBA. Although the resudts marginally significantp(= .068),
gamers favoring online FPS also displayed redueadtion time in comparison to gamers
who preferred MMORPG. Gamers favoring online FE® ahade more errors in stop-signal
trials compared with those who preferred to playBACand MMORPG. No difference in

reaction time and inhibitory control was demonsttdbetween gamers whose preferred genre

11
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was either MOBA or MMORPG. No group differences svhrghlighted regarding the

restraint process (go/no-go trials).

Insert Figure 1 about here

4. Discussion

This study was designed as a pilot study devotelet@omparison of inhibitory control
performances in regular video game players basedesnpreferred game genre (MMORPG,
MOBA, or online FPS) while controlling the influemof potential confounding factors
(demographics, weekly hours of playing, symptomdisbérdered gaming, impulsivity traits,
and depressive symptoms). A Hybrid-Stop Task was &rs measure reaction time, along
with two components of inhibition: the cancellatimd the restraint processes. On the whole,
the results showed that individuals favoring onliS games were characterized by
accelerated reaction times and reduced abilitieancel a prepotent motor response in
comparison to individuals favoring MOBA or MMORP@rges. Although it clearly appeared
that individuals who preferred online FPS made neorers than did gamers who favored
MOBA and MMORPG, the picture seems a bit more nadmehen it comes to reaction time,
as gamers favoring online FPS are faster than M@8whers but not faster than MMORPG
gamers. Notably, however, the difference in reactime between gamers favoring online
FPS and MMORPG can be considered a nonsignificantltp = .068). Regarding SSRT (an
index of inhibitory restraint depending on bothatian time and errors), it appears that
gamers favoring online FPS present lower inhibittontrol than do gamers favoring MOBA.
An important finding is that 20% of the gamers whdicated that they favor MMORPG also
play online FPS, whereas only about 11% of gaméis favor MOBA also play online FPS,

which could explain why the differences observetiveen MMORPG and online FPS are
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less marked than those observed between MOBA aimkedfPS. No differences between
groups were identified regarding the restraint pfepotent motor response.

Confirming our hypotheses and the work of Colzadtale(2013), online FPS gamers
displayed decreased mean reaction times. Integhgtithhe observation in Table 4 of the
standard deviations for reaction times revealedrg small variability within online FPS
gamers, giving further support to the view thatutaginvolvement in this particular game
genre boosts the reactivity of motor responsess &tiect can reasonably be attributed to the
nature of FPSs (i.e., their structural charactesgseported in Table 1), which puts players
into the perspective of fighters who need to reaate quickly than their opponents to
survive, and eventually win, in the game. In costir®MORPGs are more contemplative and
less demanding in terms of attention focus andiinggg alternating between strategic action
(combats) and immersive exploration, and MOBAsdadtmobilize quick and strategic
decision making and collaborative playing,

The analyses also revealed that gamers favoringeoRPS make more errors when they
need to restrain an automatized prepotent resptinsehus likely that when playing online
FPS, an impulsive gamer who is characterized neased reactivity and diminished
inhibition will perform well, with limited direct ssociated risks (e.g., a failed cancellation
process resulting in “friendly fire” will not hawensequences in the real life of gamers). Yet,
we cannot exclude the possibility that in the té@] this impulsive style is susceptible to
engendering negative outcomes. Indeed, reducesheyfiof the cancellation process reflects a
poor capacity to inhibit prepotent (or automatigjtar responses (Friedman & Miyake,
2004), which is a core etiological factor of marsyghiatric disorders, including addictive
disorders (Billieux, Lagrange, et al., 2012; LawrenLuty, Bogdan, Sahakian, & Clark,

2009; Noél et al., 2009). Individuals with impairnediibition of prepotent response have also

been shown to be more prone to making detrimeiziktbns in the long term to obtain
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immediate gratification (Billieux et al., 2010). #nd this risk, reduced inhibitory control has
also been linked to other hazardous or problenhataviors, including aggressive and
antisocial behaviors (Plutchik & Van Praag, 19@3)r study findings are also congruent with
Dickman’s conceptualization of impulsivity (Dickmat090), which posits that depending on
the context, an impulsive behavior can be eithectional or dysfunctional. Indeed, from the
evidence presented above, the impulsive stylealygpl by online FPS players in our study is
probably adaptive in the gaming context, but likeyssfunctional to a certain extent in the
context of real-life daily living.

Several limitations have to be acknowledged. Rivstdid not include a non-gamers
group as required in any attempt to document aibitoiny control impairment in certain
types of video game players. This choice was, heweleliberate, as our aim was to test the
influence of game genre on inhibitory control, tmshow impairments in video gamers
versus non-gamer participants, as in traditionaéezontrol studies. Second, even though all
but one participant successfully identified a pnefée type of video game, the study design did
not allow us to consider that some participantshiniige involved in more than one type of
video game genre, and we measured only the tinme pfgying weekly for the preferred
gaming genre. Accordingly, subsequent studies regheuld be conducted with “pure
gamers” (i.e., gamers involved in only one type&idko game genre), or should control for
the involvement in each type of gaming genre bpgisechniques such as tracking- or diary-
based methods. Finally, future studies should @swsider individuals who play “casual
games” (i.e., simple and short video games playablemartphones or web browsers, such as
Candy CrustandPokémon GQ which were not considered here, despite thewarg
popularity. Nonetheless, we can suppose that theses, because of their simple and

repetitive nature, will not engender an effect tiargional and executive processes.
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In conclusion, although preliminary, our resultéa@led neuropsychological differences
among gamers that can be understood on the baisis beterogeneous structural
characteristics of online video games. These figglimay have clear implications for video
gaming research and support the critical importarickstinguishing between video games
genres, whether focusing on their benefits (eguetbpment of “games for health” or use in
neuropsychological rehabilitation) or on their dagntal effects (e.g., development of

addictive patterns of use, promotion of maladaptivgulsive behaviors).
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Table 1. Comparison of structural characteristics of the three main online video game genres

Massively multiplayer online role-playing Multiplayer online battle arena (M OBA) Onlinefirst person shooter (online FPS)
game (MMORPG)
Persistent virtual worlds Achievement (with rankings) Action, precision, reflexes
Advancement system Social aspects (cooperation and battles Competition and cooperation
Achievement (quests, battles, events) PvP) Achievement (defeating the enemy, accomplishing
Exploration and immersion (virtual worlds, Short and intense play sessions missions, reaching objectives)
lore, stories) Necessity to play regularly (to maintain Rewards (better items and weapons)
Social aspects (competition, cooperation, level/ranking)
creation of guilds, virtual life) e-Sport (broadcast of international

tournament, millions of viewers)

Note: PvP = player versus player.



Table 2. Study variables

Questionnaire Scale Scale description Cronbach’s
a
Problematic Online Gaming Total score Symptoms of problematic online video game use .82
Questionnaire
Short UPP-P Impulsive Behavio  Urgency Tendency to acrashly inintense positive or negativemotional .83
Scale contexts
Lack of Difficulties taking into accounthe consequences of an ac .87
premeditation
Lack of Difficulties remaining focused on a boring and/dficult task 91
perseverance
Sensation seeking Preference for new experiemzkpatentially risky activities .78
Beck Depression Inventory-l Total score Dimensl@tare of depressive symptoms .79

Hours of playtime per week

Hybrid-Stop Tas

Mean estimation

GO RT:
SSRT:
SST error
GNG errors

Reported estimation of the mean hours devotedaty thle preferred
genre per week

Mean reaction time for go tri

Mean sto-signal reaction time

Percentage of errors for s-signal trial:

Percentage of errors for go/no go trials




Table 3. Comparison of demographics and questionnaires between genres of favorite online game

MMORPG MOBA Online FPS
(N =20,24.7%) (N=36,44.4%) (N =25, 30.9%)
M (SD) M (D) M (SD) F p

Demographic measures

Age 22.90 (3.39) 21.06 (1.79) 2288 (5.69) 2366 .101

Hours/week 15.50 (9.22) 16.82 (6.74) 9.98(5.21)° 7.309 .001**
Online video game use

POGQ-Total 42.25 (9.46) 46.36 (8.53) 4452 (6.82) 1597 .209
Psychopathol ogical measures

UPPS-Total urgency 18.15 (5.35) 20.75 (4.03) 19.80(3.85) 2.307 .106

UPPS-Lack of premeditation 6.35 (2.18) 7.78 (2.47) 7.08 (2.23) 2463 .092

UPPS-Lack of perseverance 7.30 (2.56) 8.25(3.00) 6.92 (2.29) 1966 .147

UPPS-Sensation seeking 11.75 (2.65) 11.50 (2.32) 11.76 (2.63) 104 901

BDI-II 7.20 (3.59) 8.56 (5.70) 7.80 (6.08) 428  .653

Note. Hours/week = mean hours of online game per week; MMORPG = massively multiplayer online role-playing game; MOBA = multiplayer
online battle arena; online FPS = online first person shooter; POGQ = Problematic Online Gaming Questionnaire; UPPS = UPPS-P Impulsive
Behavior Scale; BDI-II = Beck Depression Inventory - 11. **p < .005.

Statigtically significant in comparison to MMORPG and MOBA players at p < .05 using Bonferroni post hoc tests.



Table 4. ANOVAs on Hybrid-Stop Task scores of online video game genres

MMORPG MOBA Online FPS

M (D) M (D) M (D) F P
GORTs  501.71(220.88) 525.04 (243.42) 363.85(43.81)° 5259 .007*
SSRTs 250,54 (51.82) 249.83(53.28) 291.86 (59.21)° 4.477 .014*
SSTerors  59.62(15.23) 59.23(14.62) 72.95(16.44)° 6.765 .002**
GNGerrors  3.06 (3.15) 2.64 (6.78) 355(5.37) 192 .825

Note. ANOVAs = one-way analyses of variance; MMORPG = massively multiplayer online role-playing game; MOBA = multiplayer online
battle arena; online FPS = online first person shooter; GO RTs = mean reaction time for go trials; SSRTs = mean stop-signal reaction times; SST
errors = percentage of errors for stop-signal trials; GNG errors = percentage of errors for go/no go trials. *p < .05; **p < .005.

®Statistically significant in comparison to MOBA players at p < .05 using Bonferroni post hoc tests. The difference between online FPS and

MM ORPG can be considered a nonsignificant trend at p = .068.

*Statistically significant in comparison to MOBA players at p < .05 using Bonferroni post hoc tests.

‘Statitically significant in comparison to MOBA and MMORPG players at p < .05 using Bonferroni post hoc tests.
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Fig. 1. Mean reaction times, SSRTs, and errorsin the Hybrid-Stop Task. *p < .05; **p < .005; °p = .068. Error bars represent standard errors of
the mean. GO RTs = mean reaction timesfor go trials;, SSRTs = mean stop-signal reaction times; GNG errors = go/no-go errors; SST errors =
stop-signal task errors; MMORPG = massively multiplayer online role-playing game; MOBA = multiplayer online battle arena; online FPS =
online first person shooter.



