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Abstract

In the present study, we attempted to investigate whether it is the game experience that

underlies processes leading to increased risk-taking while playing video racing games

(VRGs). The aim of the study was to examine the indirect effect of playing VRGs on risky

driving behaviour through various dimensions of the game experience. Thus, we examined

the subjective experience of participants playing various VRGs and questioned whether this

influenced subsequent driving behaviour. The results of the present study show that aspects

of the playing experience, in particular “flow” and “competence”, appear to be important in

the regulation of risk appetite. It can be assumed that, rather than the mere playing of

VRGs, the type of game experience during play is determinant for subsequent risk propen-

sity while driving.

Introduction

Digital media have established themselves as an integral part of our society. Given the wide-

spread use of devices such as smartphones, laptops, etc., they have become a major factor in

the leisure activities of children and adolescents. Engagement with the digital world starts at

increasingly younger ages. The term “digital natives” has been coined to refer to a generation

that has grown up with computers and the internet [1]. The consumption of video games plays

a particularly important role among this age group. According to a 2014 BITKOM study on

media consumption of children and young people in Germany [2], 93% of children aged 10 to

18 years regularly play computer and video games. On average, these children spend approxi-

mately 104 minutes a day playing these games, with boys playing longer than girls. Nearly one

of every five children aged 16 to 18 stated that they spend an average of three hours or more a

day using computers, gaming consoles, and smartphones, and over a third of 10-to 18-year-

olds stated that they prefer to play alone. This development raises the question of how the con-

sumption of video games affects children’s behaviour and, more especially, the development of

the irpersonalities. A common problem in this field of research is the creation of dichotomous

categories of “good” and “bad”. The complexity of the games and their impact on motivation,

feelings, and social interaction are often underestimated. The most popular and successful
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games today are characterised by innovation and continuous development in terms of the

playing experience. The variety of the games on offer is enormous and cannot be limited to

one or two genres. More classic games, such as racing games including “Need for Speed”,

party games such as “Mario Kart”, and sport games such as “FIFA” compete increasingly with

games involving role-playing and strategic elements.

To date, a considerable amount of research has been undertaken investigating the links

between media consumption, including that of video games, and elevated levels of violence

and aggressive behaviours, cognition, emotions, and arousal [3–5]. However, the effects of

risk-glorifying media content on subsequent engagement in risky behaviours has, as yet,

received less attention. One of the few, albeit extensive studies is the meta-analysis by Fischer

and colleagues [6], which looked at 88 studies including both correlative and experimental

designs. The consequences of consumption of various media formats were investigated.

Dependent variables included risk-taking behaviours (such as tobacco consumption, alcohol

consumption, risk-taking while driving, risk-prone sexual behaviours) as well as risk-positive

thoughts, emotions, and arousal. The results showed a significant positive correlation between

the consumption of risk-glorifying media and the tendency to engage in risk-tolerant behav-

iours. There was also a significant positive correlation between the use of risk-glorifying media

and risk-positive cognition, attitudes, emotions, and arousal. However, the overall effect was

deemed only minimal to moderate in size [6]. Research to further elucidate the consequences

of consuming risk-glorifying media content is needed. Risk-promoting video racing games

(VRGs) are particularly relevant since they are a common pastime among adolescents [7, 8]

and young adults today [9], and there are still relatively few studies on this subject. This type of

video game is characterised by aggressive driving, the risks of which are downplayed, and the

rewarding of risk-taking. Current VRGs are frequently designed in such a way that the player,

playing from the driver’s perspective, races at high speeds through cities and landscapes, pro-

voking accidents, and performing foolish overtaking manoeuvres [10]. The few studies on the

effects of risk-glorifying VRGs indicate that these games may increase players’ risk tolerance at

the levels of cognition, emotion and arousal both while playing and in real-world driving [7,

10–12].

According to Wilde [13], the level of risk people are willing to accept is dependent on both

the cost and benefit of the risky behaviour compared to safer choices. Wilde describes the risk

level with maximum benefit as the “target level”. People compare the perceived level of risk

with the target level at all times and try to minimise this difference by adjusting their behav-

iour. This adjustment, which also depends on the ability to make decisions and on driving abil-

ity, changes the probability of accidents. These factors together with information from friends,

family or the media about accidents, influences the perceived level of risk in a particular situa-

tion. The perceived risk level is also influenced by the person’s perceptual skills in general [13].

This theory is interesting in the context of the effects of risk-glorifying video games on behav-

iour since it explains one of the basic mechanisms underlying the readiness to assume risk on

the road. Several investigations have shown that risk-glorifying video games lead to an

increased propensity to take risks while driving [10, 11].

The General Learning Model (GLM) [14] is an extension of the General Aggression Model

(GAM), devised earlier by Bushman and Anderson [15]. As in the original model, the GLM

integrates various socio-cognitive approaches, including social learning [16], the cognitive

neo-association model [17], social information processing [18], and script theory [19]. The

GLM can also be applied to the playing of risk-glorifying video games and their impact on sub-

sequent behavioural intentions. The individual input variables that can influence the internal

state while playing risk-glorifying video games include prior experience with risk-promoting

video games, certain personality traits such as anxiety or thrill-seeking, as well as attitudes and

PLOS ONE The effects of video games on risk-taking

PLOS ONE | https://doi.org/10.1371/journal.pone.0240367 October 12, 2020 2 / 15

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0240367


habits in regard to risky actions. The playing of risk-promoting VRGs requiring the risky and

reckless driving of a car via a joystick or other controller. With the latest technology, many of

these games are graphically realistic, creating a perception of driving in the real world and rac-

ing cars at high speed with no negative consequences. Many of the games feature realistic

engine noise and music with fast rhythms. These personal and situational input variables influ-

ence the internal state by priming risk-seeking cognition, which, in turn, has an effect on affect

and the state of excitement or vice versa. Frequent playing of such games can result in long-

term changes in behaviour [11, 14].

In a series of studies, Fischer and colleagues [11] demonstrated that the consumption of

VRGs is associated with an increased risk tolerance in road traffic. In their correlation study,

they combined four variables to create a risk scale for real-world driving: (1) competitive road

traffic behaviour, (2) the need to show off, (3) cautious driving behaviour and (4) the number

of reported accidents, each recorded using specially constructed items. In addition, the partici-

pants were asked to indicate on a scale from “0” (never) to “5” (daily) how often they played

VRGs (e.g. “Need for Speed”) and other video games. A hierarchical regression analysis was

then used to evaluate the data. The results confirmed the connection between racing games

and increased risk-taking on public streets. In the second experimental study, the authors

examined whether racing game consumption resulted in greater accessibility of risk-related

cognition and affect. The participants played either one of three VRGs (“Burnout”, “Midnight

Racer”, or “Need for Speed”) or one of three neutral games (“Tak”, “Crash Bandicoot”, or

“FIFA 2005”) for 20 minutes. In all three racing games, participants competed against com-

puter-generated opponents and had to break traffic rules in order to win. The accessibility of

risk-favouring cognition was assessed with an implicit measure, the “homonymous decision

task”. Concepts had to be defined based on given words that had both a risk-oriented and a

non-risk-oriented meaning. Arousal was measured according to various adjectives on a scale

from “0” to “10”. Affect was recorded with the “Positive and Negative Affect Schedule”

(PANAS) [20]. Compared to the control group, those who played racing games found it easier

to access risk-related cognition and stronger arousal. No significant group differences were

observed with respect to affect. The third study sought to determine whether the players of

VRGs showed a greater willingness to take risks in typical traffic situations. The authors

expected the results of the second study to be replicated. After playing, the subjects completed

the “Vienna Risk-Taking Test Traffic” (WRBTV). The accessibility of risk-favouring cognition

was again measured with the “homonymous decision task”. The assumptions of the authors

were confirmed by the results. VRGs seem to have a potential effect on a wide range of mea-

sures, including risk tolerance and cognition.

Silberman [21] examined the relationship between the consumption of various forms of dif-

ferent and the driving habits of young people. The author’s initial assumption was that the more

young people use media such as risk-glorifying VRGs, the more likely they will be to pursue sim-

ilar actions in reality and engage in dangerous driving habits. Young adults (aged 17 to 25) were

asked how often they played the following risk-promoting games: “Grand Theft Auto”, “Need

for Speed” or “Burn-out” on a scale from “1” (“never”) to “4” (“more than once a week”). An

overall score was then calculated based on their responses. To record their driving habits, they

were asked to respond to 33 items, using a five-level Likert scale, assessing level of adherence to

traffic rules and care taken while driving. The consumption of video games involving risky driv-

ing manoeuvres proved to be a good predictor of the respondents’ driving habits. This supports

the view that VRGs can influence the real world behaviour of those playing them?

Deng and colleagues ([22]—experiment 1) used a student sample to determine whether

VRGs influence risk-favourable attitudes. The role of personality traits was also investigated.

The Eysenck Personality Profile and the WRBTV were used to measure respondents’ personality
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traits and risk-taking while driving. The subjects of the experimental group were asked to race

against the clock in a circuit racing game lasting 20 minutes. The control group played Poker

Solitaire. The subjects who played the racing game tended more towards risky behaviours in

road traffic scenarios than participants who had played neutral games. A lust for adventure as a

personality characteristic also showed a significantly positive correlation with risk propensity.

The more adventurous respondents were, the more likely they were to take risks on the road.

The studies detailed below demonstrate that video games may have both short- and long-

term effects on risk-tolerance, cognition, and arousal. The important question as to the source

of this effect at a psychological level remains unclarified.

According to the GLM, personal and situational factors act together to influence an individu-

al’s internal state, potentially inducing changes at the levels of cognition, emotion, and arousal

[4, 14]. The player experience is an important aspect of these game-induced experiential

changes. Research in a variety of disciplines is focusing on the player experience, representing

an increase in research on the part of the game industry, which sees this as an opportunity to

improve games by designing them to give players the optimal playing experience with maximum

enjoyment (for detail see [23]). In the field of media psychology, there has also been an increase

in the number of publications addressing the player experience in video games (for detail see

[24–26]). In light of the fact that so much of people’s lives is taken up with video games [7, 8], it

is becoming increasingly important to ascertain what effect certain video games have on players’

lives, thoughts, emotions and level of excitement, and whether the player experience differs

between different video games. This knowledge could help explain why some video games lead

to changes in behaviour and may help us understand the underlying processes.

Among the most important dimensions of the player experience discussed in the current

research are the level of immersion [25–31] and the level of presence, where the virtual world is

perceived to the same degree as the real world [31, 32]. Another aspect is flow, which describes

an intrinsically motivating state of pleasure [25, 33–37]. Added to this is the dimension of com-
petence or self-efficacy, i.e. the subjective confidence that a behaviour can successfully be car-

ried out in order to achieve a specific goal [38–42]. However, it is also apparent that the

players’ experiences of competence and flow are strongly interdependent [43]. Players experi-

ence flow mostly when there is a balance between their ability and the difficulty level [43]. Ten-
sion, which can be seen as a positive experience in the current literature [44–46], is, in this

context, seen as a negative emotional state [47–51]. Finally, there is challenge or competition,

representing the subjective sense of being challenged [43, 52–54].

The individual player experience can be seen as an important part of the player’s internal

state, as described in the GLM. As a result, players’ experiences while playing video games may

help explain changes in behaviour after repeated learning processes.

The subjective experience of people playing risk-glorifying VRGs has so far received little

attention. Few studies examining the effect of this kind of video game on the emotional state of

players have been conducted [10, 11]. Since the processes through which an increased risk-tol-

erance in real-world driving may result from the playing of VRGs remain unexplored, this

research gap should be closed. In order to discover the cause of increased risk-tolerance fol-

lowing the playing of certain video games, a detailed examination of which type of player expe-

rience is associated with which type of risk-promoting video game would be of interest.

Materials and methods

Participants and study design

One hundred and twenty participants, primarily students from the University of Regensburg

(57 men and 63 women; M = 23.59, SD = 3.33) aged between 18 and 34 years participated in
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this study. The age range of male participants was 19–34 years (M = 24.36, SD = 3.53) and of

female participants 18–30 years (M = 22.92, SD = 3.01). The participants were randomly

divided into one of two conditions, each comprising 60 persons. All played either risk-glorify-

ing VRGs, with the experimental group playing drive’em up games, or rule-compliant VRGs,
played by the control group. In both conditions, the participants played one of the games for

25 minutes on three consecutive days. The drive’em up games group comprised 30 men and 30

women, and the racing games group 27 men and 33 women. The age of the participants in the

experimental group had a mean value of M = 23.64 (SD = 2.85, age range = 19–30 years) and

the age in the control condition was between 18 and 34 years (M = 23.54, SD = 3.78).

Participants were excluded from participation for the following reasons: severe sensory

impairments (especially a reduced sense of hearing or sight), addictive disorders (excluding

nicotine), seizure disorders, neurological or psychiatric disorders or medication with drugs

affecting the central nervous system. Participants were rewarded by participation in a lottery

of three times 100 Euro.

The study was based on a one factorial between-subject design with the two-level led factor

“game condition”. The study received ethical approval from the University of Regensburg Eth-

ics Committee.

Procedure

The participants were recruited via a notice board at the University of Regensburg. Prior to the

commencement of the experiment, participants were required to sign a study information

sheet and to provide written consent to participation. At this stage, they were not informed of

the question to be determined in the investigation. On the first day of the experiment, which

took place in the game-laboratory at the University of Regensburg, the participants were given

a written instruction to the corresponding video racing games. This was followed by a 5-min-

ute practice period, during which the participants familiarised themselves with the game. Dur-

ing the following 20 minutes, the experimental group played one of three drive’em up games
and the control group played one of three racing games. The order of the games was rando-

mised in both groups. Participants playing the risk-glorifying VRGs were briefed that the aim

of the game is to drive as fast as possible and win the game. Participants in the control condi-

tion were informed that the goal is to win the game, but that driving behaviour norms should

be followed and collisions avoided. The car could be damaged by any collisions, which would

negatively affect the race. On completion of the game, participants were asked to fill in the

“Game Experience Questionnaire” (GEQ), German Version [26]. On the second and third day

of the experiment, the procedure was repeated (a 5-minute training period, followed by

20minutes of VRG playing and completion of the GEQ). After filling in the GEQ on the third

day, participants performed the WRBTV, which took approximately 20 minutes. Finally, the

participants were informed of the purpose of the experiment.

Materials

The following drive’em up games were selected for the experimental condition: “Need for

Speed—Hot Pursuit”, “Blur” and “Motor storm—Pacific Rift”. These VRGs were deemed

appropriate, since they reward players for fast driving and violation of road traffic rules. For

example, driving on the wrong side of the road, tailgating, and provoking near-accidents are

rewarded. The following rule-compliant VRGs were chosen for the control condition: “Need

for Speed Shift 2 unleashed”, “Formula 1 2010” and “Grand Turismo 5”. All three rule-compli-

ant games require a driving style in accordance with the norm, since they use a realistic
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damage model. In this kind of game, accidents with rivals lead to damage to the player’s own

car, which negatively affects subsequent driving performance.

The games were selected according to their popularity in internet forums (e.g. www.

gamespot.com and ww.metacritic.com) and good sales figures (www.vgchartz.com). All partic-

ipants played in the third-person perspective. The cars and the race circuits were selected by

the investigators and were identical for all participants.

All games were played on a Sony PlayStation 3 platform and a 50-inch TV flat-screen with

5.1 dolby-surround-systems.

Measures

Game Experience Questionnaire (GEQ). The various dimensions of the game experience

were assessed using the “Game Experience Questionnaire” (GEQ), German Version [26]. The

GEQ is divided into seven subscales: immersion (Cronbach’s α = .891 and factor loadings rang-

ing from .587 to .847), flow (Cronbach’s α = .866 and factor loadings ranging from .614 to

.821), competence (Cronbach’s α = .826 and factor loadings ranging from .474 to .755), tension
(Cronbach’s α = .811 and factor loadings ranging from .606 to .704), challenge (Cronbach’s α
= .745 and factor loadings ranging from .605 to .348), positive affect (Cronbach’s α = .797 and

factor loadings ranging from .430 to .728) and negative affect (Cronbach’s α = .712, all factor

loadings rather low). Except for the scale immersion, which consists of six items, each dimen-

sion has five items. Example statements are, “I felt that I could explore things” (immersion), “I

forgot everything around me” (flow), “I felt skillful” (competence), “I felt irritable” (tension), “I

felt stimulated” (challenge), “I enjoyed it” (positive affect), and, “I felt bored” (negative affect).
Responses were given on a Likert scale from 0 = “not at all” to 4 = “extraordinarily” [55]. The

seven factors solution proved to be the statistically most meaningful and explained 52% of vari-

ance [55].

In order to compare the differences between the video-racing groups in the GEQ, mean val-

ues for each of the seven subscales were calculated. Since the GEQ was applied three times per

subject (after playing each of the three different video games), the game-specific subscale

scores were collapsed (by summing) within each subject to form a total (sub)scale score reflec-

tive of respective game experience across the different games.

Vienna Risk-Taking Test Traffic (WRBTV). Risk prone driving behaviour was exam-

ined with the “Vienna Risk-Taking Test Traffic” (WRBTV) [56]. This method is used to mea-

sure the subjectively accepted level of risk in traffic situations according to the risk

homeostasis theory [57]. This test is employed in traffic psychology and is based on reaction

times. Written instructions on test procedure, displayed on a computer screen, were read by

participants, who then viewed a video depicting 23 dangerous road traffic situations. Each situ-

ation, which was preceded by a written description displayed on the screen, was viewed twice.

The first time, respondents were asked to observe carefully and the second time to press a

green button on the response panel at the point they would no longer perform the driving

maneuver (e.g. overtaking). For statistical analysis, the mean value of the time delay before

pressing the button (averaged a cross all 23 driving situations) is used. The longer the latency,

the more willing to take risks the participant is judged. According to calculations reported by

Hergovich and colleagues [57], the reliability of the WRBTV, as indicated by its internal con-

sistency, is good (Cronbach’s α = .924).

Statistical analysis

Mediation analyses were conducted with a parallel multiple mediator model. Mediation was

analysed by testing the significance of the indirect effect of playing different types of VRGs (X)

PLOS ONE The effects of video games on risk-taking

PLOS ONE | https://doi.org/10.1371/journal.pone.0240367 October 12, 2020 6 / 15

http://www.gamespot.com
http://www.gamespot.com
http://www.metacritic.com
http://www.vgchartz.com
https://doi.org/10.1371/journal.pone.0240367


on risky driving behaviour (Y) through several dimensions of the game experience (M). In the

path modeling framework, indirect effects can be conceptualised as the product of the effect of

the X on M (a path) and the effect of M on Y (b path) (see Fig 1).

The total effect of risky driving behaviour (c), could be expressed as the sum of its direct

effect (c’) and its indirect effects through each of the k mediator paths [58], which can be

expressed as a product of the form aibi (with i denoting the respective mediator path):

c ¼ c0 þ
Xk

i¼1

aibi

The direct effect, c’, can be interpreted as the effect of risky driving behaviour, controlling

for the effects of the assumed mediators, i.e. b1-b7. Significance of indirect effects was assessed

using bias-corrected bootstrap confidence intervals (CIs), based on a total of 1000 bootstrap

samples. Using the 95% percentile-based level of confidence, indirect effects were judged to be

significant when the bias-corrected bootstrap CI for a × b did not contain zero [58]. In order

to establish basic relationships between variables, bivariate correlations between the various

dimensions of the game experience and risky driving behaviour (WRBTV)were calculated

using the Pearson product-moment correlation coefficient.

The value of the mean latency until the button was pressed in the WRBTV was used as the

criterion measure (Y), indicative of risky driving behaviour. The scores of the GEQ, collapsed

across the three lab sessions within each of the subscales, were used as the mediating variables

(M). The experimental condition (“rule-compliant racing” games—coded ‘0’; “drive‘em up”
games—coded ‘1’.) served as the independent variable (X) influencing the criterion of the

regression equation (see also Fig 1).

The analyses were performed using the statistical package IBM SPSS Statistics 23 for Win-

dows with SPSS macro “PROCESS” ([58]; download: http://www.processmacro.org/).

Fig 1. Conceptual diagram presenting multiple mediator effects of dimensions of the game experience while

playing VRGs on risky driving behaviour.

https://doi.org/10.1371/journal.pone.0240367.g001
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Results

Descriptive statistics

All means, standards errors, standard deviation and Cronbach’s alpha, as well as the partici-

pants’ scores regarding the study variables are shown in Table 1. As can be seen from the table,

all of the scales had acceptable-to-excellent internal consistency values well above .700, as

assessed by Cronbach’s alpha. Therefore, all scales were included in the statistical analyses.

Correlational findings

Bivariate Spearman’s rank correlation analyses examining possible relationships between the

various dimensions of the game experience and risky driving were conducted. Analysis results

are presented in Table 2. Significant positive correlations were found between flow and the

other sub-scales, except with negative affect, which was significant and negative. The correla-

tions coefficient between competence and immersion, between competence and flow, and

Table 1. Descriptive statistics of the study variables.

N M SE SD Cronbach’s Alpha

WRBTV 120 7.84 0.142 1.551 -

GEQ immersion 116 4.41 .160 1.725 .835

GEQ flow 113 5.99 .207 2.202 .900

GEQ positive affect 117 6.85 .172 1.861 .864

GEQ competence 119 4.94 .205 2.238 .916

GEQ negative affect 118 3.75 .173 1.878 .847

GEQ challenge 116 6.15 .148 1.591 .694

GEQ tension 115 4.50 .171 1.838 .834

N: participant score; M: mean; SE: standard error of the mean; SD: standard deviation.

https://doi.org/10.1371/journal.pone.0240367.t001

Table 2. Correlation among study variables.

1. 2. 3. 4. 5. 6. 7. 8.

1. WRBTV -

2. Immersion r = .265��

n = 116

-

3. Flow r = .078

n = 113

r = .581��

n = 110

-

4. positive affect r = .309��

n = 117

r = .633��

n = 115

r = .423��

n = 111

-

5. Competence r = .281��

n = 119

r = .415��

n = 115

r = .202�

n = 113

r = .539��

n = 116

-

6. negative affect r = -.146

n = 118

r = -.432��

n = 114

r = -.470��

n = 111

r = -.566��

n = 115

r = -.292��

n = 117

-

7. Challenge r = .129

n = 116

r = .562��

n = 113

r = .656��

n = 110

r = .228�

n = 114

r = -.057

n = 115

r = -.269��

n = 114

-

8. Tension r = .089

n = 115

r = .296��

n = 111

r = .576��

n = 108

r = -.070

n = 112

r = -.195�

n = 114

r = .073

n = 113

r = .636��

n = 113

-

n-value: the number of persons; r-value: the Spearman’s rank correlation coefficients;

�p < .05;

��p < .01.

https://doi.org/10.1371/journal.pone.0240367.t002
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between competence and positive affect, were all significant and positive. Correlations between

competence and negative affect, as well as competence and tension were statistically significant

and negative. No significant relationship was found between competence and challenge. Risky

driving behavior (assessed using the WRBTV) was significantly and positively related to

immersion, positive affect and competence.

Mediation analyses

The parallel multiple mediator model provided the opportunity to elucidate the indirect effect

of the various dimensions of the game experience, while simultaneously controlling for the

other experiential dimensions. Results are shown in Tables 2 and 3.

As can be seen from the left side of Table 2, the experimental manipulation led to significant

differences in various dimensions of the game experience. Drive‘em up games led to signifi-

cantly increased feelings of immersion (aM1), flow (a2), positive affect (a3) and competence (a4),

which was associated with a significantly reduced level of negative affect (a5). There was no sig-

nificant effect of game condition for either the challenge (a6) or the tension (a7) dimension of

the GEQ.

In the model of risky driving behaviour (Y), both the paths from flow (b2) and competence
(b4) to risky driving were statistically significant. Direction of effects showed that higher levels

of competence feelings led to increased latency values in the WRBTV, indicative of more risk-

prone driving behaviour. In contrast, higher levels of flow experience led to reduced latency

values in the WRBTV, i.e. less risk-prone driving behaviour. No other dimension of the game

experience was significantly associated with the latency values in the WRBTV (see Table 3).

Additionally, the direct effect of the experimental condition (X) upon latency values in the

WRBTV was insignificant (c’ = .242, SE = .358, t = .677, p = .500). This is of importance, since

the total effect of the experimental manipulation was significant (c: r = .659, SE = .312,

t = 2.112, p = .037). Taken together, these findings imply that the effects of drive‘em up games
on risky driving were fully mediated by at least some of the experiential dimensions assessed

by the GEQ. In order to identify the indirect effects of statistical significance, 95% bias-cor-

rected bootstrap confidence intervals for each of the indirect effects aibi served as a statistical

test (see Table 4). These analyses revealed that the indirect effects of the experimental condi-

tion were significant both for the flow (a2b2 = -.326, SE = .210, LLCI = -.956, ULCI = -.043)

and the competence (a4b4 = .524, SE = .299, LLCI = .064, ULCI = 1.227) mediator paths. These

findings suggest that drive’em up games lead to stronger competence feelings, which may, in

turn, lead to higher risk driving behaviour. Conversely, those who experienced higher levels of

Table 3. Direct paths from video-racing games to mediators and direct effect of mediators on risky driving behaviour, examined with the WRBTV.

Mediators (M) GEQ Effects of X upon M (a) Effects of M upon Y (b)

Coeff SE T p Coeff SE t p
Immersion .710 .344 2.063 .042 -.054 .149 -.363 .717

Flow 1.184 .425 2.787 .006 -.276 .115 -2.396 .019

positive affect 1.402 .344 4.078 < .001 .080 .131 .610 .543

Competence 2.073 .388 5.338 < .001 .253 .096 2.649 .010

negative affect -1.302 .359 -3.626 < .001 -.137 .116 -1.184 .239

Challenge .153 .320 .477 .635 .194 .159 1.223 .225

Tension -.264 .369 -.715 .476 .237 .130 1.829 .071

Video-racing games = X; the risk-glorifying racing video games—drive’em up games: experimental group (X = 1); rule-compliant racing video games—racing games:

control group (X = 0); risky driving behaviour (WRBTV) = Y; various dimensions of the game experience (GEQ) = M.

https://doi.org/10.1371/journal.pone.0240367.t003
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flow demonstrated less risky behaviour in simulated road traffic situations. None of the other

mediator pathways showed significant indirect effects of the racing game condition, with all

corresponding CIs containing zero as a value (see Table 4).

Discussion

The parallel multiple mediator model provided an opportunity to examine the indirect effect

of the various dimensions of the game experience, while simultaneously controlling for the

other experiential dimensions. The experimental manipulation caused marked differences in

dimensions of the game experience. Drive’em up games led to significantly increased feelings

of immersion, flow, positive affect and competence, which was associated with a significantly

reduced level of negative affect. There was no significant effect of the game condition for either

the challenge or the tension dimension of the GEQ. This suggests that playing risk-promoting

video games led to significantly positive cognitive states and emotions. According to Boyle and

colleagues [24], the enjoyment experienced during play leads to positive expectations and a

positive attitude towards the video game, which, in turn, increases motivation to play.

Assessing the individual dimensions of the video gaming experience examined in their

work, Csikszentmihalyi [33] and Sherry [36], for example, postulate that the experience of flow
creates motivation to play video games, since flow is, in itself, rewarding. It can therefore be

assumed that individual aspects of the video gaming experience provide a motivation and

therefore a reason for the decision to play video games. A high level of motivation to play

video games induced by a strong sense of enjoyment derived from the experience could also

affect the amount of time spent playing [59]. More frequent gaming for longer periods can

influence the individual with what in the GLM are described as personal and situational input

variables. Yee [60], for example, shows how the amount of time spent playing can affect

human input variables. Vorderer, Klimmt [61] describe further reasons for the consumption

of media such as video games in addition to the link to the enjoyment it provides. The authors

developed a model in which media-generated enjoyment is the central element [61].

As Vorderer and colleagues [61] surmise, individuals consume certain media for emotion

or mood regulation, which is a cause of media-generated enjoyment. In their study, Bowman

and Tamborini [62] were able to show that playing a flight simulator game helped regulate the

mood of test subjects who had previously reported feeling bored or stressed.

Table 4. Point estimates, standard errors (SE) and 95% confidence intervals for indirect effects of playing video-racing games on risky driving behaviour through

various dimensions of the game experience (GEQ).

GEQ Point estimate Boot SE Bootstrap 95% CI

Lower Upper
Total indirect .417 .252 -.025 .955

Immersion -.039 .122 -.381 .154

Flow -.326 .210 -.956� -.043�

Positive affect .112 .197 -.244 .550

Competence .524 .299 .064� 1.227�

Negative affect .179 .183 -.107 .672

Challenge .030 .075 -.077 .262

Tension -.063 .106 -.410 .074

GEQ: various dimensions of the game experience;

�CI for a × b did not contain zero.

https://doi.org/10.1371/journal.pone.0240367.t004
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The result related to the gaming experience of challenge is interesting, given the high corre-

lation between challenge and flow. According to Sherry [36], flow arises when there is a balance

between challenge and the competence of the player. Since players reported a significant flow
experience, the question arises why there was no difference in the challenge scale. The signifi-

cant result for the flow scale would then be due to the differing player perceptions of their com-
petence. There was a significant difference in perceived competence, as shown in this work’s

competence scale. However, our results show a negative correlation between competence and

challenge. Itis very likely that the greater the sense of competence experienced by the player, the

lower the feeling of challenge, resulting in a reduction in the intensity of flow.

In the model of risky driving behaviour, both the paths from flow and competence to risky

driving were statistically significant. Direction of effects showed that higher levels of compe-

tence feelings led to increased latency values in the WRBTV, indicative of more risk-prone

driving behaviours. In contrast, higher levels of flow experience led to reduced latency values

in the WRBTV, i.e. less risk-prone driving behaviour. No other dimension of the game experi-

ence was significantly associated with the latency values in the WRBTV.

Based on the results of the present work, it can be assumed that flow and competence under-

lie processes leading to increased risk-taking. The enjoyment derived from playing could influ-

ence the personal and situational input variables through motivational processes (e.g. through

longer playing sessions). Thus, the game experience could have a long-term impact on video

gaming behaviour and its consequences. It can also be assumed that the game experience has a

short-term effect on the player’s internal state, since the perceived experience of flow is a part

of those cognitive states, emotions, and excitement that change in the course of playing. It

therefore appears appropriate to expand the GLM by adding the important sense of flow and

competence as another possible factor that could influence risk appetite.

Additionally, the direct effect of the experimental condition on latency values in the

WRBTV was insignificant. This is of importance, since the total effect of the experimental

manipulation was significant. Taken together, these findings imply that the effects on risky

driving behavior of drive‘em up games were fully mediated by at least some of the experiential

dimensions assessed by the GEQ. These findings indicate that drive’em up games lead to stron-

ger competence feelings, which, in turn, may lead to higher-risk driving behaviour. Con-

versely, those who experienced relatively higher levels of flow demonstrated less risk-taking

behaviour in simulated road traffic situation. None of the other mediator pathways showed

significant indirect effects of the racing game condition, with all corresponding CIs containing

zero as a value.

The correlations between the consumption of risk-glorifying video games and the willing-

ness to take risks in traffic have previously been shown in correlative studies [7, 11, 12, 63, 64].

The drawback of these investigations is that no causal conclusions regarding the effect of video

games on risk appetite can be drawn. In addition, there is the question of the direction of

effect, since it cannot be clearly demonstrated whether people who are risk-positive in traffic

are more likely to have a predilection for daring video games or whether the consumption of

video games leads to increased risk-taking on the road. This study used an experimental design

in order to allow the drawing of conclusions concerning the consumption of risk-glorifying

videogames on actual risk-taking behaviours. Looking at the results of comparable experi-

ments, the significant difference in risk appetite is consistent with that found by Fischer and

colleagues [10, 11]. The result of the present work, in contrast to most of the existing research

literature, has shown that the experience of playing VRGs lays the foundation for subsequent

risk-taking behaviours in traffic. In addition, the effect is not limited to any specific video rac-

ing game, since three games were used in the experiment.

PLOS ONE The effects of video games on risk-taking

PLOS ONE | https://doi.org/10.1371/journal.pone.0240367 October 12, 2020 11 / 15

https://doi.org/10.1371/journal.pone.0240367


It may be surmised, therefore, that the effect of increased risk-taking behaviour, accord-

ing to the GLM, will reflect the effect of video gaming in the short term. The subjects played

video games for a total of one hour over just three days, followed on the third day by a test

of their risk appetite in simulated traffic situations using the WRBTV. In accordance with

the GLM of Buckley and Anderson [14], each person underwent a triple learning session.

The short-term effects measured in this work are, presumably, based on priming

processes. By playing risk-promoting video games, scripts and schemata could have been

activated via an associative network, which, in turn, may have led to changes in

cognition, emotion, and arousal, ultimately affecting risk appetite, as demonstrated in the

present work. Playing the games three times could, however, have activated scripts and con-

nections within the network even more strongly and thus made them more accessible. If

this were the case, not only short-term effects but also long-term effects according to the

GLM would occur. It would therefore be interesting to test whether the changes in risk

appetite would appear after only one or two days’ playing. If no effect was evident after only

one or two days, the changes in behaviour would not be able to be linked to short-term

effects, since they would otherwise be detectable immediately after consuming video games.

If an effect were to appear only after three days, it would be clear that it had built up over the

three days of play, implying that more frequent playing creates learning processes and devel-

ops more scripts and schemata that result in a greater propensity for risk taking. It would

also be interesting to ascertain whether the effect would also occur after a time delay, e.g.

after 24 hours, as considered in the study by Fischer and colleagues [10], where the

increased risk appetite, as measured by the WRBTV, was still evident after the delay in

testing.

Collectively, our results suggest that the game experience probably directly underlies pro-

cesses leading to increased risk-taking. Nevertheless, the game experience remains an impor-

tant factor within the GLM and probably exerts some influences, through motivational

processes, on risk-taking behaviour. The results regarding aspects of risk-taking may

support findings in previous studies [10], which demonstrated the potential negative effect

of drive’em up games on driving style and the possible implications of such games for road

traffic safety.
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28. Ermi L, Mäyrä F. Fundamental components of the gameplay experience: Analysing immersion. Worlds

in play: International perspectives on digital games research. 2005; 37(2):37–53.

29. Seah M-l, Cairns P, editors. From immersion to addiction in videogames. Proceedings of the 22nd Brit-

ish HCI Group Annual Conference on People and Computers: Culture, Creativity, Interaction-Volume 1;

2008: British Computer Society; 2008. p. 55–63.

30. Tamborini R, Skalski P. The role of presence in the experience of electronic games. Playing video

games: Motives, responses, and consequences. 2006:225–40.

31. Witmer BG, Singer MJ. Measuring presence in virtual environments: A presence questionnaire. Pres-

ence: Teleoperators and virtual environments. 1998; 7(3):225–40.

32. Ivory JD, Kalyanaraman S. The effects of technological advancement and violent content in video

games on players’ feelings of presence, involvement, physiological arousal, and aggression. Journal of

Communication. 2007; 57(3):532–55.

33. Csikszentmihalyi M. Flow. The Psychology of Optimal Experience. New York: HarperPerennial; 1990.

34. Keller J, Bless H. Flow and regulatory compatibility: An experimental approach to the flow model of

intrinsic motivation. Personality and Social Psychology Bulletin. 2008; 34(2):196–209. https://doi.org/

10.1177/0146167207310026 PMID: 18212330

35. Klasen M, Weber R, Kircher TT, Mathiak KA, Mathiak K. Neural contributions to flow experience during

video game playing. Social cognitive and affective neuroscience. 2011; 7(4):485–95. https://doi.org/10.

1093/scan/nsr021 PMID: 21596764

36. Sherry JL. Flow and media enjoyment. Communication theory. 2004; 14(4):328–47.

37. Sweetser P, Wyeth P. GameFlow: a model for evaluating player enjoyment in games. Computers in

Entertainment (CIE). 2005; 3(3):3-.

38. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychological review. 1977; 84

(2):191. https://doi.org/10.1037//0033-295x.84.2.191 PMID: 847061

39. Klimmt C, Blake C, Hefner D, Vorderer P, Roth C. Player performance, satisfaction, and video game

enjoyment. Entertainment Computing—ICEC 2009. 2009:1–12.

40. Klimmt C, Hartmann T. Effectance, self-efficacy, and the motivation to play video games. Playing video

games: Motives, responses, and consequences. 2006:133–45.

41. Klimmt C, Hartmann T, Frey A. Effectance and control as determinants of video game enjoyment.

Cyberpsychology & behavior. 2007; 10(6):845–8.

42. Trepte S, Reinecke L. The pleasures of success: Game-related efficacy experiences as a mediator

between player performance and game enjoyment. Cyberpsychology, Behavior, and Social Network-

ing. 2011; 14(9):555–7.

43. Jin S-AA. “Toward integrative models of flow”: Effects of performance, skill, challenge, playfulness, and

presence on flow in video games. Journal of Broadcasting & Electronic Media. 2012; 56(2):169–86.

44. Klimmt C. Dimensions and determinants of the enjoyment of playing digital games: A three-level model.

In Copier M, Raessens J, editors. Level up: Digital games research conference; 2003; Utrecht, The

Netherlands: Faculty of Arts, Utrecht University; 2003. p. 246–257.

45. Klimmt C, Rizzo A, Vorderer P, Koch J, Fischer T. Experimental evidence for suspense as determinant

of video game enjoyment. Cyberpsychology & behavior. 2009; 12(1):29–31.

PLOS ONE The effects of video games on risk-taking

PLOS ONE | https://doi.org/10.1371/journal.pone.0240367 October 12, 2020 14 / 15

http://etd.fcla.edu/CF/CFH0004680/Silberman_Kelly_A_201412_BS.pdf
http://etd.fcla.edu/CF/CFH0004680/Silberman_Kelly_A_201412_BS.pdf
https://doi.org/10.1136/injuryprev-2014-041328
https://doi.org/10.1136/injuryprev-2014-041328
http://www.ncbi.nlm.nih.gov/pubmed/25540062
https://doi.org/10.1177/0146167207310026
https://doi.org/10.1177/0146167207310026
http://www.ncbi.nlm.nih.gov/pubmed/18212330
https://doi.org/10.1093/scan/nsr021
https://doi.org/10.1093/scan/nsr021
http://www.ncbi.nlm.nih.gov/pubmed/21596764
https://doi.org/10.1037//0033-295x.84.2.191
http://www.ncbi.nlm.nih.gov/pubmed/847061
https://doi.org/10.1371/journal.pone.0240367


46. Zillmann D. The psychology of suspense in dramatic exposition. Suspense: Conceptualizations, theo-

retical analyses, and empirical explorations. 1996:199–231.

47. Anderson CA. Effects of violent movies and trait hostility on hostile feelings and aggressive thoughts.

Aggressive Behavior. 1997; 23(3):161–78.

48. Arriaga P, Esteves F, Carneiro P, Monteiro MB. Violent computer games and their effects on state hos-

tility and physiological arousal. Aggressive Behavior. 2006; 32(2):146–58.

49. Carnagey NL, Anderson CA. The effects of reward and punishment in violent video games on aggres-

sive affect, cognition, and behavior. Psychological science. 2005; 16(11):882–9. https://doi.org/10.

1111/j.1467-9280.2005.01632.x PMID: 16262775

50. Shafer DM. Causes of state hostility and enjoyment in player versus player and player versus environ-

ment video games. Journal of Communication. 2012; 62(4):719–37.

51. Tamborini R, Eastin MS, Skalski P, Lachlan K. Violent virtual video games and hostile thoughts. J

Broad & Elec Media. 2004; 48:335.

52. Colwell J. Needs met through computer game play among adolescents. Personality and Individual Dif-

ferences. 2007; 43(8):2072–82.

53. Sherry JL, Lucas K, Greenberg BS, Lachlan K. Video game uses and gratifications as predictors of use

and game preference. Playing video games: Motives, responses, and consequences. 2006; 24(1):213–

24.

54. Vorderer P, Hartmann T, Klimmt C, editors. Explaining the enjoyment of playing video games: the role

of competition. Proceedings of the second international conference on Entertainment computing; 2003:

Carnegie Mellon University; 2003.55.

55. Poels K, de Kort YAW, Ijsselsteijn WA. Game experience questionnaire. STREP/NEST-PATH Deliver-

able D3.3. University of Technology of Eindhoven, Netherlands: Game Experience Lab. 2009.

56. Schuhfried G. Wiener Testsystem (Vienna test system): Vienna Risk-Taking Test. Vienna, Austria:

Schuhfried GmbH. 2007.

57. Hergovich A, Bognar B, Arendasy M, Sommer M. Wiener Risikobereitschaftstest Verkehr [Vienna Risk-

Taking Test—Traffic]. Mödling: Schuhfried GmbH. 2005.

58. Hayes A. Introduction to Mediation, Moderation, and Conditional Process Analysis. A Regression-

Based Approach. 2013. New York: Guilford; 2013

59. Poels K, Hoogen Wvd, Ijsselsteijn W, de Kort Y. Pleasure to play, arousal to stay: The effect of player

emotions on digital game preferences and playing time. Cyberpsychology, Behavior, and Social Net-

working. 2012; 15(1):1–6.

60. Yee N. Motivations for play in online games. Cyberpsychology & behavior. 2006; 9(6):772–5.

61. Vorderer P, Klimmt C, Ritterfeld U. Enjoyment: At the heart of media entertainment. Communication

theory. 2004; 14(4):388–408.

62. Bowman ND, Tamborini R. Task demand and mood repair: The intervention potential of computer

games. New Media & Society. 2012; 14(8):1339–57.

63. Beullens K, Roe K, Van den Bulck J. Driving game playing as a predictor of adolescents’ unlicensed

driving in Flanders. Journal of Children and Media. 2013; 7(3):307–18.

64. Beullens K, Van den Bulck J. Predicting Young Drivers’ Car Crashes: The Role of Music Video Viewing

and the Playing of Driving Games. Results from a Prospective Cohort Study. Media Psychology. 2013;

16(1):88–114.

PLOS ONE The effects of video games on risk-taking

PLOS ONE | https://doi.org/10.1371/journal.pone.0240367 October 12, 2020 15 / 15

https://doi.org/10.1111/j.1467-9280.2005.01632.x
https://doi.org/10.1111/j.1467-9280.2005.01632.x
http://www.ncbi.nlm.nih.gov/pubmed/16262775
https://doi.org/10.1371/journal.pone.0240367

