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Abstract

Video game addiction or Internet game disorder, as proposed by the DSM-5 (Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition), has similar criterion characteristics to other impulse control disorders.
There is limited research examining video game addiction within a behavioral economic framework using delay
discounting. The current study evaluated delay-discounting patterns of money and video game play by usual
weekly hours of video game play. A total of 104 participants were split into 1 of 3 groups of video game players
(low, medium, and high) and were asked to complete a monetary and video game discounting procedure through
an online survey. Results showed significant differences between groups within both the monetary (p=0.003) and
video game discounting procedures ( p=0.004). Additionally, a positive linear relationship was noted between the
groups across both procedures. The results of the current article reinforce previous findings that more hours of

video game use are associated with greater impulsivity and provide implications for future research.
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Introduction

ELAY DISCOUNTING is the phenomenon of devaluing

behavioral outcomes by choosing between a smaller,
immediate positive outcome and that of a larger later out-
come.'? Because greater delay discounting corresponds to
choosing a more impulsive decision, the task has been de-
scribed as a behavioral measure of impulsive decision-making.
Consistently with this, greater discounting is associated with a
range of behavioral risk disorders defined, in part, by impul-
sive decision-making, including substance abuse,>® patho-
logical gambling,”™ and obesity.'®'! Although some research
has evaluated delay discounting of individuals who play video
games, to date, no studies have evaluated how the amount of
game play is related to delay discounting.

A delay-discounting program allows an experimenter to
examine the interaction between the time delay and a value
in a forced-choice paradigm.” Exposing participants to
a series of choices that change systematically over pre-
established time periods and values allows the experimenter
to deem an individual more or less impulsive (e.g., a choice
of 500 dollars now to that of 1,000 dollars later). Offering
participants a forced binary choice removes other contextual
variables from the equation and focuses on specific choice.
The individual’s choice of increased delayed value over the

immediate value creates an indifference. Indifference points
are determined by adjusting the immediate value until the
immediate value is deemed equivalent to the later value. This
process is repeated across several time periods until an in-
difference curve has been established.

Proposed in the Diagnostic and Statistical Manual of
Mental Disorders,'” Internet gaming disorder (IGD) is
deemed to have similar etiology, symptoms, and criterion
characteristics to other behavioral impulse control disorders
such as pathological gambling. The diagnostic criteria for
IGD are similar to other addictive behaviors and include
tolerance and withdrawal, preoccupation, unsuccessful at-
tempts to reduce or control use, continued use despite impact
on daily functioning, and exclusion of other interests and
hobbies. To date, only two published studies have examined
delay discounting of individuals who engage in video game
play.'*!'* Saville et al.'* found greater discounting of hy-
pothetical money for individuals who engaged in high du-
rations of video games played compared with nonvideo game
players, although findings were limited to only individuals
who played World of Warcraft. More recently, Irvine et al.'*
attempted to extend Saville’s findings by comparing indi-
viduals considered pathological video game players to a
nonpathological age-, gender-, and 1Q-matched controls.
Pathological video game players showed greater monetary
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discounting in addition to impulsive performance on other
neuropsychological assessments. However, this study only
utilized a single discounting procedure and failed to account
for duration of video game play.

For the current study, we sought to extend this previous
work (i.e., Saville et al."® and Irvine et al.14) to evaluate dis-
counting for different rewards (monetary and video gaming)
and multiple levels of video game use, rather than only path-
ological use. By categorizing video game players into three
groups (low, medium, high) based on their self-reported usage
of video game play per week, we examined discounting dif-
ference between the two extreme use groups and if there is
evidence of a graded relationship between use and discounting.

Methods
Participants

Individuals were recruited through multiple approved
methods: (a) through online forums/blogs dedicated to video
gaming or specific video games; (b) flyers distributed through-
out Northern Illinois University; and (c) e-mail announcement
to the undergraduate student body through the University
Communication Director. Researchers obtained online forum/
blog approval from forum/blog site administrators before
posting of recruitment. The Northern Illinois University’s
Human Subjects Committee (HSC) approved the study, with
a total of 155 individuals demonstrating initial interest in
participating and 104 meeting eligibility criteria. Of the 104
individuals, 37 were females and the average age for all
participants was 24.92 years with standard deviation of 5.09.

Inclusion criteria were (a) greater than or equal to 18 years
of age, (b) active video game play in the last 3 weeks (i.e.,
>0 hours), and (c) able to read and comprehend English at a
fifth grade level. Active video game play was defined as at
least 1 hour of console, computer, mobile device, or online
play within a 7-day period for at least three consecutive
weeks. Exclusion criteria included (a) no access to the Internet
through a laptop/desktop computer, (b) submission of in-
complete data (e.g., provided demographics, but not outcome
measures), and (c) submitted improper discounting answers,
suggesting random or contrary responding indicated by the
last three values having a higher value than the first three
values.” Fifty-one individuals were ineligible, 37 submitted
incomplete data and 14 had improper discounting responses.
No individuals were excluded due to inability to gain access to
the Internet or for not possessing a fifth grade reading level.

Individuals were placed into one of three groups (low,
medium, or high) depending on the number of hours they
self-reported playing video games per week. Consistent with
other studies of amount of video game play,'> we chose to
trichotomize the gaming groups rather than use hours played
as a continuous variable due to past research finding partic-
ipants underre]porting their usage, thus removing the stigma
of perception.'>'® The low group was defined as greater than
0-5 hours, the medium group as 6—17 hours, and the high
group as > 18 hours. The original scale had five categories
(0-5, 6-11, 12-17, 18-23, >24). Most participants reported
between 12 and 17 hours (n=31) or >24 hours (n=29). We
collapsed two categories because six participants reported
6-11 hours (medium group) and two individuals reported
18-23 hours (high group). Findings showed the same pattern
of results if categories were not collapsed.
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Measures

A demographic and video game questionnaire included
the following measures: age, gender, ethnicity, hours played,
type of game typically played, and day of week with most
play. Participants were asked to complete these questions
before the outcome measures.

Delay discounting (monetary). A delay-discounting pro-
gram allows an experimenter to examine the interaction
between the time period and the value in a forced-choice
paradigm. Exposing participants to a series of choices that
change systematically over pre-established time periods and
values allows the experimenter to deem an individual more
or less impulsive (e.g., a choice of 500 dollars now to that of
1,000 dollars later). Offering participants, a forced binary
choice removes other contextual variables from the equa-
tion and focuses one specific choice.'” When an individual
chooses the increased delayed value over the immediate
value, an indifference point has been created. Indifference
points are determined by adjusting the immediate value until
the immediate value is deemed equivalent to the later value.
This process is repeated across several time periods until
several indifference points create an indifference curve.

Upon switching time delays, values were reset and time
delays were maximized. Time delays included were 1 week,
2 weeks, 1 month, 6 months, 1 year, 3 years, and 10 years,
while monetary values ranged from 1,000 dollars to 10
dollars.'” All values were face values and did not mention or
incorporate inflation. The choices provided to the partici-
pants followed these parameters: (a) the first choice was al-
ways between the larger delayed reward and half of the
delayed reward available immediately and (b) subsequent
choices adjusted the value of the immediate choice according
to whether the participant chose the immediate (adjusted
down) or delayed (adjusted up) reward. The indifference
point is the proportion of the immediate reward subjectively
deemed equivalent to the larger delayed reward. Based on
the seminal research by Myerson et al.,'® area under the
curve (AUC) was then applied to indifference points across
the delays where the discounting AUC reflected the partici-
pant’s degree of preference of the smaller immediate amount
to the larger later amount. The AUC'® value measures an
individual’s indifference point discounting curve without
calculating the k in the typical regression formula. We chose
this measure because it is a theoretically neutral metric of the
subjective value of the delayed response to that of the im-
mediate response and is calculated from the empirical dis-
counting function rather than from a curve fit to the data.'®

Delay discounting (video gaming). Participants made a
maximum number of 63 decisions to complete the survey.
The values were 1, 2, or 6 hours or 1, 2, 4, or 7 days. The first
value presented was always between the larger delayed re-
ward and half of the delayed reward available immediately.
Subsequent choices adjusted the value of the immediate
choice according to whether the participant chose the im-
mediate (adjusted down) or delayed (adjusted up) reward.

Procedure

Eligible participants read and signed the consent form.
After completing the demographic and video game
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questionnaire, individuals were counterbalanced to either the
money or video game discounting procedures. The directions
for the money discounting procedure were the following:

In this part of the study, you will be asked to make several
hypothetical decisions about different amounts of money that
you might receive. We are interested in which amount you
would choose to receive if you were to be offered these
choices for real. Two amounts of money will appear on the
screen. One amount can be received right now. The other
amount can be received later. The right now amount of money
will change after each of your decisions. Choose the box on
the left if you want the money NOW! Choose the box on the
right if you want the money LATER!

The video gaming discounting directions were similar, but
included the following introductory sentences. “You have
started playing a new game that has caught your attention. The
game has outstanding visual effects and graphics. You find it
hard to stop playing the game.”” Participants were then asked to
choose between playing the video game for a sooner small
amount (30 minutes now) of time to that of the larger later
amount (60 minutes in an hour). The introductory statement
purposely evaluated only two time choices. All individuals who
completed the program were included in a random drawing to
win one of four $50 gift cards to a large electronics chain store.

Data analysis

Univariate comparisons of demographic and baseline
variables by video game duration group (low, medium, high)
were conducted using y> tests for categorical variables and

TABLE 1. DEMOGRAPHIC INFORMATION ACROSS
THE THREE VIDEO GAMING GROUPS

High Medium Low
video video video
gaming gaming gaming P

Ethnicity, % (n)
n 31 38 35
Gender, female 25 (6) 25 (13) 17 (18)
Age, mean (SD) 23.72 (3.43) 24.07 (5.05) 26.97 (6.79)

0.024

White 84 (26) 82 (31) 79 (28) 0.952
Hispanic 3(1) 512) 9 (3)
Asian/Pacific 7Q2) 10 (4) 6 (2)
Islander
Asian Indian 3(1) 0 (0) 3(1)
Other 3(1) 31 3(1)
Type of game, % (n)

Role playing 61 (19) 47 (18) 17 (6) 0.007
First person 13 4) 16 (6) 14 (5)
Turn-based 712) 52) 6 (2)

Sim 3(1) 8 (3) 23 (8)

Sports 3(1) 3(1) 11 4)
Real-time 13 (4) 13 (5) 6 (2)
Facebook 0 (0) 73) 23 (8)

Day played, % (n)

Monday 3(1) 5Q2) 11 4) 0.577
Tuesday 712) 0 (0) 3(1)
Wednesday 3(1) 5Q) 9@3)
Thursday 0 (0) 3(1) 3 (1)

Friday 10 (3) 21 (8) 6 (2)

Saturday 58 (18) 45 (17) 51 (18)

Sunday 19 (6) 21 (8) 17 (6)

HVG, high video gaming group; LVG, low video gaming group;
MVG, medium video gaming group; Sim, simulation.
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FIG. 1. Normative values of monetary temporal dis-

counting across the time delay in weeks within the three
preidentified populations.

analysis of variance (ANOVA) for interval and continuous
variables. For the delay-discounting measures, the AUC of
the indifference points was calculated and ANOVAs pro-
vided both the overall comparison among groups and a linear
trend contrast. Tukey procedures were used for post hoc pair
comparisons.'® Before any analysis, assumption of normality
and homogeneity of variance were tested and met.

Results

Table 1 presents demographic and video game use char-
acteristics by video game use category. Figures 1 and 2
display the normative data with the ordinate as proportion of
the maximum choice, while the abscissa displays the time
delay in either hours or weeks. Values range from O to 1.0,
with lower scores corresponding to greater discounting.

The one-way ANOVA on the AUC for money discounting
showed a significant difference among groups, F(2, 100)=6.22,
p=0.003, n”=0.11, with a significant linear contrast, F(I,
100)=12.00, p=0.001, #*=0.11, indicating the relationship
between video game use and discounting as predominantly
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FIG. 2. Normative values of video game temporal dis-
counting across the time delay in hours within the three
preidentified populations.
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linear. Tukey post hoc comparisons found that the high video
game group (M =0.35, SD=0.20) had lower AUC scores than
the low video game group (M =0.55, SD=0.27, p=0.002) and
the medium group (M=0.48, SD=0.24, p=0.049).

A one-way ANOVA on the AUC of the video game dis-
counting task found a significant difference among the three
groups, F(2, 100)=3.32, p=0.04, 112 =0.04, and a significant
linear trend, F(1, 100)=6.36, p=0.01, *=0.013. Tukey post
hoc comparisons indicated that the high video game use group
M=0.16, SD=0.09) discounted more than the low video
game use group (M=0.12, SD=0.06, p=0.04), but neither
differed from the medium group. The AUC values for the two
discounting tasks were not correlated, r=0.12, p=0.22.

Discussion

The current study showed a positive linear relationship
between duration of video game play and discounting rates
with hypothetical money and video gaming, both replicating
and extending the findings by Saville et al."” and Irvine et al.™*
These studies evaluated a single genre of video games (e.g.,
massively multiplayer online) or compared individuals with
extremely high levels of play (e.g., <30 hours per week) with
those with none. The current study addresses these limitations
recruiting successfully across multiple genres of video gaming
play (e.g., first-person shooters, MMORPG, and simulation)
and utilizing three time increments to provide a more com-
prehensive evaluation of discounting within this population.

To the author’s knowledge, the current study was the first to
develop and examine a video game discounting procedure,
which was initially developed to resemble a sexual discounting
task.?’ Results yielded a linear relationship between groups and
a statistical difference in AUC, as seen in Figure 2. The cor-
responding groups discounted similarly in the hypothetical
monetary discounting task with the high duration group
presenting as more impulsive compared with the low dura-
tion group. These initial findings are consistent with dis-
counting research of substance use disorder,>>” which have
been shown across a range of substances, including opioids,
tobacco,6’2' stimulants, marijuana, and alcohol, both for dis-
counting money and the specific substance. Such findings have
led researchers to argue that discounting is a defining charac-
teristic of addictive behavior and extends to nondrug-related
addictions such as gambling and binge eating. For example,
problem gambler”® and obese individuals'®'! exhibit higher
discounting than matched controls. The current findings are
consistent with these other addictive behaviors, although we
did not evaluate DSM-5 (Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition) symptoms or problems as-
sociated with addictive video game play. While causality
between amount of video game play and addictive behaviors
cannot be assumed, such findings warrant further investiga-
tion of this novel discounting procedure in this subpopulation.
Future research should also examine the comorbidity of video
game use and substance use disorder to evaluate overlap.

The present findings have meaningful clinical implica-
tions. Video game addiction or IGD, as proposed by the
DSM-S,12 has become a salient issue, with an estimated five
percent to eight percent of the Eopulation engaging in high
durations of video game play.** Targeted behavioral thera-
pies such as cognitive behavioral therapy (CBT) or accep-
tance and commitment therapy (ACT) have shown
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promising results within video gaming populations.>***

Moreover, behavioral therapy research has utilized delay
discounting as a treatment response assessment, providing
clinically relevant information on poor impulse control and
decision-making.25 2% Future research could compare pre/
postvalues of delay discounting within video game addic-
tion/IGD after an 8-week CBT or ACT session to assess if
impulsive decision-making can be modified. Thus, this in-
formation could be used to inform high-risk individuals that
they are engaging in impulsive decision-making and provide
methods for altering their treatment.

The current study had some methodological limitations.
Recruitment of video game players through online forums/
blogs presented a challenge. Obtaining consent from forum/
blog administrator and attracting interested potential partic-
ipants were difficult. We utilized recommendations from
Wood et al.'® and Griffiths et al.'> to address these obstacles;
however, improved recruitment methods would likely have
provided a larger sample. Additionally, the sampling distri-
bution for the study had a low female response rate. How-
ever, the current study expanded upon previous research by
evaluating different genres of video games and targeting
individuals of different play durations per week. Another
limitation of the study takes into account the participant’s
concept of inflation to the delayed value. This occurs when
the participant adds equity to or takes into account the in-
flation of the delayed value. In the current study, we ac-
counted for inflation of the delayed value by keeping all face
values for all amounts the same across time intervals.

Finally, the current procedure did not evaluate the validity
of the delay-discounting procedure for video game play.
Participants may have believed that they could simply play
the video game as long as they wished at another time, thus
invalidating the forced-choice procedure. However, the re-
sults indicating a linear relationship between time of video
game play and delay discounting suggest that participants
regarded the task as a valid choice between options of the
amount of access to the hypothetical game.

In conclusion, given the increasing popularity of video
game play and the recent changes to the DSM-5,'* a deeper
understanding of how duration of video game play affects the
decision-making process remains meaningful. The current
study was the first to compare discounting patterns of indi-
viduals playing video games across total hours played per
week and different discounting modalities. The results yiel-
ded a linear relationship between both discounting tasks
across the durations of video game play and differences
between the low and high duration groups. This reinforces
and extends the current research on IGD. Future research
should expand on the current findings by investigating if
specific genres of games evoke different responding in delay-
discounting measures (i.e., MMORPGs).
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