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ABSTRACT

Introduction: Problematic Internet Use (PIU) is the inability to control the amount of time spent on the Internet.
Research indicates that abnormalities in reward sensitivity, sensitivity to punishment, and impulse control drive
addictive behaviors such as substance abuse and gambling disorders, but it is unclear whether this is also the
case in PIU.

Methods: Behavioral tasks and scales were completed by 62 participants (32 PIU individuals and 30 no-PIU
individuals) to assess reward sensitivity, sensitivity to punishment, as well as inhibitory function and impulse
control. Measures administered included Go/No-Go, delay discounting, Behavioral Inhibition/Activation (BIS/
BAS) scales and the Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ).

Results: The PIU group endorsed greater reward sensitivity and punishment sensitivity as indexed by the SPSRQ.
However, there were no group differences with regards to delay discounting, performance in the Go/No-Go task,
or endorsement in the BIS/BAS scales.

Discussion: The present study found increased reward sensitivity and sensitivity to punishment in PIU in-
dividuals, though impulse control was not observably affected. Future experimental studies are needed to inform
our conceptualization of the etiology of addictive behavior as it pertains to PIU. Further investigation will aid in

informing prevention and intervention efforts.

1. Introduction

Addictive behaviors contribute to grave personal and societal costs.
Evidence suggests that Problematic Internet Use (PIU) shares some key
features of addictive behaviors. Whereas the etiology of addictive be-
haviors such as gambling and substance abuse has been studied ex-
tensively for decades (Ha et al., 2007; Young, 1998b), PIU received less
attention. Perhaps this lack of attention is due to the Internet being a
relatively young technological advancement (Christakis, 2010). Despite
this paucity of research, converging research found that PIU interferes
with aspects that maintain quality of life, including academics, sleep,
psychological well-being, finances, and social relationships (Casale
et al., 2016; Gadmez-Guadix et al., 2013; Griffiths, 2000; Kuss et al.,
2014; Kuss and Lopez-Fernandez, 2016a,b ; Mei et al., 2016; Pontes
et al., 2015a; Pontes et al., 2015b; Shapira et al., 2000). Research in the
broader addiction field hypothesized addictive behaviors are related to
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aberrant reward sensitivity, inhibitory function, and impulse control
(Dong and Potenza, 2014; Ko et al., 2010; Moretta and Buodo, 2018;
Pontes et al., 2015a). Investigations of these traits in PIU and Internet
Gaming Disorder (IGD) are inconsistent. Additionally, the specific fa-
cets that are affected in PIU for each domain are unclear. To address
this gap in knowledge, the current study assessed specific facets of re-
ward, inhibition, and impulse control in individuals with versus
without PIU. Further understanding the cognitive and affective me-
chanisms underlying PIU is crucial for clarifying etiological mechan-
isms and targeting preventive interventions.

Broadly, PIU is an inability to control the amount of time spent on
the Internet (Shapira et al., 2000) or psychological dependence irre-
spective of activity (Kandell, 1998; Yellowlees and Marks, 2007) that
results in psychological distress and impaired daily functioning (Beard
and Wolf, 2001; Kuss and Lopez-Fernandez, 2016b; Shapira et al.,
2000). Symptoms of PIU include a general preoccupation with the
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Internet, an inability to stop using the Internet, and isolation from life
outside the Internet (Kuss et al., 2014; Kuss and Lopez-Fernandez,
2016b; Kuss and Lopez-Fernandez, 2016a; Pontes et al., 2015a; Young,
1999). Existing research has largely focused on Internet Gaming Dis-
order (IGD), which is specific to excessive gaming on the Internet. This
focus may be due to the DSM-V listing IGD as a “condition for future
study” (Dong and Potenza, 2014). However, broader Internet use con-
tains distinct components of equal relevance that may differentiate PIU
from IGD (Davis, 2001; Dong and Potenza, 2014; Moretta and Buodo,
2018; Orchard, 2010). Though both disorders focus on problematic
Internet usage, PIU most conceptually differs from IGD in that it in-
corporates all facets of the Internet, rather than only focusing on on-
line/offline computer gaming (Dong and Potenza, 2014). Thus, PIU
may be of broad interest to psychiatrists, as it captures a wider net of
problematic behaviors centered around Internet use (Pontes et al.,
2015b). Given the increasing ubiquity of the Internet, it will become
increasingly important for research to focus on broader Internet use (i.e.
PIU) (Cash et al., 2012; Davis, 2001; Dong and Potenza, 2014; Kuss
et al., 2014; Orchard, 2010).

Addictive behaviors have been related to abnormalities in reward
sensitivity, inhibitory function, and impulse control (Brand et al., 2016;
Dong and Potenza, 2014; Goodman, 1990). The IGD literature suggests
that PIU could also be related to abnormalities in reward processing,
inhibition, and impulse control, though it is unclear which specific fa-
cets are most affected in PIU (Brand et al., 2016; Dong et al., 2015; Kuss
and Lopez-Fernandez, 2016b; Kuss and Lopez-Fernandez, 2016a;
Nalwa, 2003; Younes et al., 2016). For example, a study found that PIU
individuals exhibited stronger neural responses to monetary wins
versus losses in a gambling task compared to healthy controls
(Dong et al., 2013). Likewise, there is accumulating evidence indicating
that deficits in inhibition are key features of PIU, which is similar to
other addictive behaviors. Studies have reported that those with PIU
report altered inhibition on behavioral measures (Cao et al., 2007;
Mottram, 2009). Finally, the literature has been limited and incon-
sistent with regard to sensitivity to punishment (SP), which also indexes
the behavioral inhibitory system (He et al., 2017; Nikolaidou et al.,
2016).

Though the literature is promising, it is unclear which specific facets
of reward and inhibitory function are implicated in PIU. Models of
addiction have often conceptualized reward and inhibition according to
two basic brain and behavioral systems that respond to punishing and
reinforcing stimuli: the Behavioral Activation System (BAS), and the
Behavioral Inhibition System (BIS) (Carver, 1994). The BAS includes
sensitivity to reward (SR) and approach motivation, whereas the BIS
relates to SP and avoidance motivation. Two common scales for mea-
suring function in these systems are the BIS/BAS scales and the Sensi-
tivity to Punishment and Reward Questionnaire (SPSRQ) (Carver, 1994;
Torrubia et al., 2001). While these are both meant to index BIS/BAS
function, studies suggest they may tap into distinct facets, and there is
evidence that the scales can correlate with different outcomes (Carver,
1994; Segarra et al., 2014; Torrubia et al., 2001). For example, the
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SPSRQ was developed after the BIS/BAS scales, with the aim of tapping
into concrete reward and punishment behaviors (Torrubia et al., 2001).
Thus, it includes items that incorporate specific situations
(O'Connor et al., 2004). In contrast, the BIS/BAS scales capture reac-
tions to general, more abstract, cues of punishment and reward
(Vandeweghe et al., 2016). To date, studies in the PIU/IGD literature
have yet to report separate measurements of behavioral inhibition and
reward sensitivity using both scales. This could be greatly beneficial in
specifying exactly which facets of these domains are affected
(Torrubia et al., 2001).

Finally, it is important to consider the role that inhibition may have
in PIU. In fact, studies have reported that PIU is related to higher scores
on self-report measures of impulsivity, which is theoretically ortho-
gonal to BIS/BAS function (Cao et al., 2007; Chen et al., 2017; Franken
and Muris, 2006; Mottram, 2009). Impulsivity is a key feature of many
addictive behaviors, and yet it does not always relate to BAS learning of
reward expectancies or behavioral responses to rewarding stimuli
(Corr, 2004; Ding et al., 2014; Lee et al., 2012; Shapira et al., 2000).
Thus, it is important to explore impulsivity separately from traditional
BIS/BAS measures. The literature paints a complicated picture of im-
pulsivity in PIU and related disorders. Studies assessing impulse control
in the face of neutral stimuli have not observed impairment among
those with IGD (Ding et al., 2014). Studies on IGD focusing on reward
and impulsivity control have had inconsistent conclusions. One of these
studies used an EEG gambling task, finding stronger SR in Internet-
addicted youth (He et al., 2017). Two recent studies of IGD and one of
PIU found enhanced SR and decreased ability to control impulsivity in
the face of reward stimuli (Li et al., 2016; Tian et al., 2018; Wang et al.,
2017). Other studies using self-report measures, however, have found a
lack of association between risk taking and IGD/PIU (Ko et al., 2010;
Sariyska et al., 2017). Studies testing impulse control in the face of both
neutral and reward stimuli have been sparse in the PIU literature.
Teasing out whether these relationships differ based on the nature of
the stimuli would add nuance to interpretations of how impulse control
interacts with reward in the context of PIU.

The present study recruited an undergraduate sample to build a
psychological profile of individuals with PIU. Consistent with previous
addiction and PIU/IGD research, (Brand et al., 2016; Cao et al., 2007;
Dong et al., 2013; Meerkerk et al., 2010; Young, 1998a) we predicted
that PIU individuals would exhibit greater sensitivity to reward, lower
inhibition, and lower impulse control across measures. Finally, ex-
ploratory correlations with PIU symptoms were conducted to explore
whether differences between cognitive domains are observable within
high PIU individuals, and follow-up exploratory analyses were run ex-
amining PIU subdomains.

2. Method
2.1. Participants

A total of 62 participants were recruited from the Northwestern

Table 1
Demographic characteristics.
PIU No-PIU Total Statistic P

Gender 14/33 male 12/29 male 26/62 male x2(1) = 0.007 0.93
Age’ 18.76 (1.06) 19.17 (1.2) 18.95 (1.14) t(60) = 1.45 0.15
Parental Education” 16.39 (1.96) 15.65 (2.01) 16.05 (2.00) t(60) = —1.462 0.15
WRAT* 111.58 (10.9) 110.83 (11.2) 111.26 (10.9) t(42) = —0.218 0.83
PIUQ Total® 49.76 (8.65) 23.79 (7.46) 37.61 (15.34) t(60) = —12.57 <0.001*

Note.
2 Mean (SD).

b Average of mother and father years of education.
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Table 2
Queries indexing overall PIU divided by subsets of obsession, neglect, and
control disorder.

PIU questionnaire queries

Obsession (0-30)

How often do you fantasize about the Internet, or think about what it would be like to
be online when you are not on the Internet?

How often do you daydream about the Internet?

How often do you feel tense, irritated, or stressed if you cannot use the Internet for
several days?

How often does it happen to you that you feel depressed, moody, or nervous when
you are not on the Internet and these feelings stop once you are back online?

How often do you dream about the Internet?

Neglect (0-30)

How often do you neglect household chores to spend more time online?

How often do you spend time online when you'd rather sleep?

How often do you choose the Internet rather than being with your partner?

How often does the use of Internet impair your work or your efficacy?

How often do people in your life complain about spending too much time online?

How often do you choose the Internet rather than going out with somebody to have
fun?

Control Disorder (0-30)

How often do you feel that you should decrease the amount of time spent online?

How often does it happen to you that you wish to decrease the amount of time spent
online but you do not succeed?

How often do you try to conceal the amount of time spent online?

How often do you feel that your Internet usage causes problems for you?

How often do you realize saying when you are online, “just a couple of more minutes
and I will stop”?

How often do you think that you should ask for help in relation to your Internet use?

University Undergraduate Research Study Pool and the paid registry
(see Table 1). Participants were screened into the study based on their
scores on the 18-item PIU questionnaire (PIUQ) (Demetrovics,
2008a,b). Participants were included if English was their first language
and if they endorsed PIU Questionnaire scores in either the highest 25%
(PIU group) of scores or lowest 25% of scores (no-PIU group). Due to
missing data, the resulting sample size for SPSRQ was 41 participants,
23 for PIU and 18 for no-PIU individuals. One PIU individual was ex-
cluded from the Go/NoGo task due to missing data, comprising a total
of 31 PIU (Ding et al., 2014) and 30 no-PIU individuals. The total
sample size of 62 people, 32 PIU and 30 no-PIU, was used for demo-
graphics, and BIS/BAS data.

2.2. PIU

The PIUQ is an 18-item self-report questionnaire assessing proble-
matic Internet behaviors (see Table 2 for items and subdomains). The
test-retest reliability is 0.9 for the PIU scale (Demetrovics, 2008a,b). In
terms of internal validity, PIU has been found not to have a close as-
sociation with total Internet use, but rather with time spent online for
non-work purposes (Demetrovics, 2008a,b). PIU as measured by this
scale has also been significantly associated with multiple indices of
psychological and physical health (Kelley and Gruber, 2010). Scores
range from 18 to 90 where higher scores reflect more PIU. There are 3
subdomains: Obsession constitutes daydreaming, fantasizing and
longing for Internet use, while Neglect constitutes neglecting everyday
roles and activities, and Control disorder relates to difficulties con-
trolling Internet use (Demetrovics, 2008a,b).The PIUQ was validated in
a sample of 1037 community members and identified four categories of
participants: those with no problems (<22.7), those with few/average
problems (22.7-42.4), those with problems present (42.4-52.2), and
those with significant problems (>52.2) (Demetrovics, 2008a,b). The
25th percentile cutoff for the current sample was 35, with an average
score in the PIU group of 49.76, which falls in the range of moderate
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problems, nearing the cutoff for significant problems with Internet
usage. For no-PIU participants in the lowest 25th percentile, the
average score was 23.79, within the few to average problems range,
close to the “no problems” range.

2.3. Reward Sensitivity/Behavioral Activation System

The BIS/BAS scales measure BIS and BAS sensitivities
(Carver, 1994). These scales are widely used and have been validated in
young adult populations (Demianczyk et al., 2014). Participants re-
sponded to BIS/BAS items using a scale from 1 (very false for me) to 4
(very true for me). The BAS scale included 13 items assessing desire for
reward, positive responses to real or anticipated reward, and persis-
tence in pursuing desired reward. Sample items include “I go out of my
way to get things I want,” and “I often act on the spur of the moment.”
The test-retest reliability is 0.66 for Drive, 0.59 for Reward Respon-
siveness, and 0.69 for Fun Seeking (Carver, 1994). For BAS, correlations
have been observed between Reward and MMPI hypomania, PANAS
positive affectivity, positive temperament, and TPQ reward dependence
(Carver, 1994).

The SPSRQ measures reward and punishment sensitivities
(Torrubia et al., 2001), and has been validated for use in a wide variety
of populations (Dufey et al., 2011; Luman et al., 2012; Torrubia et al.,
2001; Vandeweghe et al., 2016). The SPSRQ contains 48 questions
which participants endorse using a binary Yes/No response scale. The
24-item SR scale contains items probing responses to specific rewards
like money (“Does the good prospect of obtaining money motivate you
strongly to do some things?”), sex (“Do you often take the opportunity
to pick up people you find attractive?”), and power (“does the possi-
bility of social advancement, move you to action even if this involves
not playing fair?”). The test-retest reliability for SR is 0.87
(Torrubia et al., 2001). In terms of internal validity, intercorrelations
are present with the Impulsiveness Scale and Sensation Seeking Scales,
in line with Gray's RST theoretical model of BAS function (Dufey et al.,
2011; Torrubia et al., 2001).

2.4. Inhibitory function/Behavioral Inhibition System

The seven-item scale from the abovementioned BIS/BAS scales as-
sessed BIS function, including threat sensitivity (“Criticism or scolding
hurts me quite a bit”). The test-retest reliability is 0.66 for the BIS scale
(Carver, 1994). Correlations have been observed between the BIS and
the Manifest Anxiety Scale, The CPI Socialization Scale, the Life Or-
ientation Test Optimism Scale, as well as PANAS negative affectivity,
GTS Negative Temperament, Susceptibility to Punishment, and TPQ
Harm Avoidance and Reward Dependence (Carver, 1994). The 24-item
SP scale from the abovementioned SPSRQ contains items which reflect
behavioral inhibition system function (Are you often afraid of new or
unexpected situations?”), introversion (“Are you a shy person?”), and
risk aversion (“Do you often refrain from doing something because of
your fear of being praised?”). The test-retest reliability for SP is 0.89
(Torrubia et al., 2001). With regards to internal validity, negative in-
tercorrelations have been observed between the SP scale and SSS Ex-
perience Seeking, Thrill and adventure seeking (Torrubia et al., 2001).

2.5. Impulse control: neutral and in the face of reward stimuli

Participants first completed the Go/No-Go Task to measure impulse
control in the face of neutral stimuli, whereby a motor response was
executed or inhibited. This task was used extensively by Telzer et al.,
(2013) and was implemented using the Psychology Building Experi-
ment Battery (PEBL; see Fig. 1a for a sample trial) (Mueller and Piper,
2014; Telzer et al., 2013). During the task, participants observed letters
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a)  Choice Stimulus: 500ms

Press <shift> for P

b)

Choice Stimulus: Unrestricted time
Would you rather have

In 2 weeks

Response Screen: 1,500 ms
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Interstimulus Interval: 1,500ms

Interstimulus Interval: 3,000 ms

Would you rather have

In 2 weeks

Fig. 1. (a) Sample trial for PEBL Go/No-Go task, (b) sample trial for delay discounting task.

presented sequentially, and responded to target letters by pressing a
button. The display was in a 2 X 2 format with 4 stars (one in each
square of the array). One letter (P or R) was presented in one of the
squares for 500 milliseconds, with a 1500 millisecond inter-stimulus
interval. There were two conditions with 160 trials each. For the first
condition (P-Go), participants pressed a button in response to the target
letter P, and withheld from responding to the non-target letter R. The
second condition was reversed (R-Go). The ratio of targets to non-tar-
gets was 80:20. A practice trial was completed to ensure comprehension
of the task design. Number of correct responses and reaction time (RT)
were calculated. Errors in responding correctly to the target letter are
interpreted as indicators of inattention to the task, while responding
incorrectly to the non-target letter as well as reaction time for target
letter responses are indicators of impulsivity, or lack of inhibition
(Bezdjian et al., 2009a,b).

We operationalized impulse control in the face of reward stimuli/
inhibition of rewards as performance on a delay discounting task
(DDT), see Fig. 1b for a sample trial (Pornpattananangkul et al., 2017).
DDT is a temporal discounting task that assesses willingness to wait for
hypothetical rewards (Ahn et al., 2011; Rachlin et al., 1991). For each
trial in the DDT, participants made a series of choices between a smaller
immediate reward and a future reward of $800 for six delay period
conditions that continued for six trials for a total of 36 trials. After their
choice was made, a square was presented on the screen reflecting their
choice for 1500 ms, followed by a 3000 ms fixation. Within each trial
participants made hypothetical choices pitting an immediate reward
against a delayed but more valuable reward. Specifically, participants

made a series of choices between a smaller hypothetical immediate
reward and a hypothetical future reward of $800. The future $800
choice was set to one of six delay periods: two weeks, one month, two
months, six months, one year, three years, or ten years into the future
(Ahn et al., 2011; Pornpattananangkul and Nusslock, 2016; Rachlin
et al., 1991). At each delay period, choices began by pitting $400 now
against $800 in the future. If the participant chose the immediate re-
ward, then the immediate reward amount on the subsequent trial de-
creased by half the distance between that amount and $0 (Ahn et al.,
2011; Du et al., 2002). All decisions were for hypothetical rewards and
delays, as previous research has found similar response patterns whe-
ther the DDT is played for real or hypothetical reward amounts
(Johnson and Bickel, 2002; Lagorio and Madden, 2005). See supple-
mentary material for more information on DDT task design.

2.6. Data analyses

Group differences in continuous and categorical demographic
variables were evaluated with independent samples t-tests and Chi-
square tests using SPSS Statistics 25. Independent t-tests were employed
to examine group differences on domain measure performance. Due to
expected skew in PIU domain measures (reflecting the recruitment
strategy which focused on upper quartile for the high PIU grouping),
exploratory Spearman correlations were conducted between domain
measures and PIU score within the high PIU group. Lastly, as follow-up
exploratory analyses, Spearman correlations were run between PIU
subdomains of Obsession, Neglect, and Control Disorder, and SPSRQ
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Table 3

Group differences between no-PIU and PIU group and cognitive domains.
Task t P Cohen's d
Impulse control in the face of reward stimuli
DDT k Hyperbolic -1.0 0.32 0.32
DDT AUC -0.20 0.84 0.06
Impulse control in the face of neutral stimuli
Go/No-Go RT 1.71 0.09 0.26
Go/No-Go total correct 1.11 0.27 0.17
Behavioral Activation System Function
SPSRQ Sensitivity to Reward —-2.73 0.01* 0.87
BIS/BAS scales BAS Reward Responsivity —0.86 0.39 0.22
BAS Drive 0.33 0.74 0.05
BAS Fun Seeking -1.32 0.19 0.20
Behavioral Inhibitory System Function
BIS/BAS scales BIS -1.26 0.21 0.20
SPSRQ Sensitivity to Punishment —4.48 <0.001** 1.43

*p < 0.05, **p < 0.01.

scales showing group differences. Domain variables were normally
distributed except for DDT and Go/No-Go. Running analyses log
transforming to account for skew did not alter results. Two-tailed tests

were used for all analyses.

3. Results

3.1. Demographic characteristics

There were no significant group differences in demographic char-
acteristics (see Table 1). As expected, the PIU group endorsed sig-

nificantly greater Internet use compared to no-PIU individuals.

3.2. Group differences

There were group differences on SPSRQ SR (see Table 3, Figs. 2
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Fig. 2. Sensitivity to Punishment (SP) by group (no-PIU versus PIU).
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Table 4
Exploratory correlations within the PIU group between cognitive domain
measures and PIU score.

Task r p

Impulse control in the face of reward stimuli

DDT k Hyperbolic 0.28 0.18
DDT AUC —0.30 0.16
Impulse control in the face of neutral stimuli

Go/No-Go RT 0.37 0.04*
Go/No-Go total correct 0.04 0.85
Behavioral Activation System Function

SPSRQ Sensitivity to Reward —0.01 0.97
BIS/BAS scales BAS Reward Responsivity —0.06 0.75
BAS Drive 0.16 0.36
BAS Fun Seeking —0.23 0.20
Behavioral Inhibitory System Function

BIS/BAS scales BIS —.04 0.82
SPSRQ Sensitivity to Punishment 0.13 0.56

*p < 0.05, *p < 0.01.

and 3), but not in BIS/BAS scales measures. There were also group
differences on SP as indexed by the SPSRQ, but not in BIS/BAS scales
measures. There were no group differences in the total amount of
errors from the Go/No-Go task, or in DDT performance. Follow up
exploratory analyses showed a significant correlation between SR and
PIU Neglect (r = 0.45, p = 0.003), a trending association with PIU
Control Disorder (r = 0.31, p = 0.05), and no significant association
with PIU Obsession (r = 0.23, p = 0.15). For SP, there were significant
associations with all PIU domains: PIU Neglect (r = 0.53, p < 0.001),
PIU Control Disorder (r = 0.42, p = 0.006), and PIU Obsession
(r = 0.51, p = 0.001).
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Fig. 3. Sensitivity to Reward (SR) by group (no-PIU versus PIU).
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3.3. Exploratory correlations within PIU group

There were no significant differences excepting Go/No-Go reaction
time (see Table 4).

4. Discussion

The present study measured possible reward, inhibitory and im-
pulse-control processes underlying PIU. In contrast to the previous lit-
erature that has largely focused on IGD, we indexed overall Internet
use, which is more in line with the constantly increasing variety of ways
in which individuals currently interact with the Internet (Kuss et al.,
2014). Thus, the present study allows for an extension of the literature,
as well as a cross-measure validation of previous findings. Among those
with PIU, there was increased SR, as well as increased SP as assessed by
the SPSRQ. However, there were no group differences in reward sen-
sitivity and inhibitory function as assessed by the BIS/BAS scale. In
addition, there were no group differences in impulse control in the face
of neutral stimuli (Go/No-Go task) or in the face of reward stimuli
(DDT). Results are complementary and partially consistent to the pre-
vious literature, suggesting that reward sensitivity and inhibitory
function are compromised in PIU, which may render it similar to other
types of addiction (Demetrovics, 2008a,b; Tokunaga and Rains, 2016).
Results suggest that in PIU individuals, the BIS/BAS scales and the
SPSRQ may tap into at least somewhat distinct facets of reward sensi-
tivity and inhibitory function (Torrubia et al., 2001), which will be
important for future studies to consider and replicate. Findings are re-
levant for understanding possible risk factors for PIU and have the
potential of informing future prevention/intervention efforts (Fig. 4).

Differences were found in both SR and SP, such that PIU individuals
reported both SR and greater SP, as assessed by the SPSRQ. These re-
sults support the notion that reward sensitivity and inhibitory systems
are implicated in PIU, which is supported by a wide body of literature
implicating these systems in other types of addiction (Brand et al.,
2016; Cash et al., 2012; Chou et al., 2005; Dong et al., 2013; Dong et al.,
2015; Ha et al., 2007; He et al., 2017; Lee et al., 2012; MacKillop et al.,
2011; Sariyska et al., 2017; Smith et al., 2014; Wang et al., 2017).
Greater SR and inhibitory function (as indexed by greater SP on the
SPSRQ) may be predisposing factors for PIU. This could occur through
multiple avenues. Internet use operates on a variable ratio reinforce-
ment schedule (VRRS), similar to gambling and video games
(Cash et al., 2012). That is to say, Internet activities, including blog-
ging, surfing, message boards, social networking, video games, e-mail,

Group
20- no-PIU
PIU
15+
o
»
10-

5 10 15 20
SR

Fig. 4. Sensitivity to Punishment (SP) and Sensitivity to Reward (SR) by group
(no-PIU versus PIU).
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etc. provide unpredictable and variable rewards, which supports ad-
dictive behavior. The rewarding nature of Internet use could likewise be
intensified by mood enhancing/stimulating content encountered online
(Cash et al., 2012). This mood enhancing/stimulating could in turn
include aesthetically pleasing graphics, identification with a goal or
motivation as can be encountered in online games, a sense of belonging
and community found on blogs and message boards, or even a feeling of
productivity from checking e-mail. Thus, many innate features of In-
ternet usage may be conducive to developing addictive behavior. These
addictive features may be particularly problematic for individuals with
predisposing vulnerabilities in SR and SP (Cash et al., 2012; Kubey
et al., 2001; Kuss et al., 2014; Meerkerk et al., 2010). Indeed, the
current longitudinal literature supports the notion that PIU could be
predicted by other predisposing vulnerability factors such as cyber-
bullying and depressive symptoms (Gamez-Guadix et al., 2013; Van den
Eijnden et al., 2008). Given the cross-sectional nature of our sample,
however, it could also be the case that engaging in these behaviors over
time results in increased SR and SP.

Importantly, this investigation's results examining reward respon-
siveness/behavioral inhibition using the BIS/BAS scale and SR/SP as
assessed by the SPSRQ were not consistent. The BIS/BAS scales did not
detect group differences, as was hypothesized. It is possible that no
effect was found due to limited power to detect a smaller effect.
However, despite both the BIS/BAS scales and the SPSRQ index BIS/
BAS function, there are possibly important differences between the two
measures (Carver, 1994; Torrubia et al., 2001). As mentioned earlier,
items on the BIS/BAS scales measure reactions to general cues of
punishment and reward, while the items on the SPSRQ index more
specific cues of punishment and reward (Vandeweghe et al., 2016).
Thus, in measuring reward sensitivity, the SPSRQ both employed more
items, and probed for a wider variety of more specific rewards. Indeed,
previous studies have found a lack of convergence between the BIS/BAS
scales and related behavioral measures (Pickering, 1997); in some cases
convergence has been found between behavioral indices and SPSRQ,
but not with BIS/BAS scales (Smillie and Jackson, 2005).

SP has not often been directly investigated with regards to PIU. One
previous investigation found results consistent with ours, though with a
different measure of SP (Nikolaidou et al., 2016). An EEG investigation
in individuals with Internet addiction that found that those with In-
ternet addiction exhibited weaker punishment sensitivity during an
EEG gambling task (He et al., 2017). Diverging results may be due to
differing measurement methods. Since the aforementioned investiga-
tion did not utilize self-report methods of SP, results are not directly
comparable. The current study did not observe differences in inhibition
as assessed by the BIS scales. Given solid evidence that the BIS/BAS
scales and SPSRQ do not always converge (Pickering, 1997;
Vandeweghe et al., 2016), future studies should further distinguish the
relevant facets of BIS/BAS function. As partially mentioned above,
many items on the SP scale as assessed by the SPSRQ probe for specific
punishments. Results with regards to inhibition mirror results with
regards to SR, suggesting that the SPSRQ may be capturing a facet of
reward sensitivity and behavioral inhibition system function that was
not observable with the BIS/BAS scales. Nonetheless, given the limited
number of studies investigating SP in the context of PIU, future studies
will be needed to replicate this result.

Results investigating relationships between impulse control in the
face of neutral and reward stimuli add nuance to our interpretation.
Impulse control deficits in the face of neutral stimuli were not observed
in PIU individuals (Bezdjian et al., 2009a,b; Lee et al., 2012). Previous
IGD investigations using the Go/No-Go task with neutral stimuli have
reported similar results (Ding et al., 2014). More surprisingly, PIU in-
dividuals in the present sample did not exhibit differences in impulse
control in the face of reward stimuli. This finding is partially incon-
sistent with the literature, which has found differences in delay dis-
counting in IGD and PIU individuals (Li et al., 2016; Tian et al., 2018;
Wang et al., 2017). It is worth noting that the majority of these studies
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focused on gaming disorder, whereas the current study assessed PIU
more broadly, not specific to gaming. It is also possible that because the
rewards were hypothetical rather than actual, the effect was blunted,
though previous studies have found this not to alter response patterns
(Johnson and Bickel, 2002; Lagorio and Madden, 2005). Sample size
may likewise have precluded our ability to detect an existing effect.
Nonetheless, inconsistency in the literature signals to a need for further
replication, including multiple measures cross-validating the same
construct of interest. It will be paramount for future studies to further
test competing models of impulse control in the face of neutral and/or
reward stimuli versus reward sensitivity in this regard (Brand et al.,
2016; Dong et al., 2015; Lee et al., 2012; Sariyska et al., 2017; Wang
et al., 2017).

Finally, exploratory correlations within the high PIU group yielded
differences in Go-No-Go RT, indicating that higher PIU was associated
with increasing reaction times. Increased RT suggests greater difficulty
completing the impulse control task in the face of neutral stimuli. This
finding is interesting given that group differences were not found with
regards to performance or RT between the low PIU and high PIU group.
Notably, there were trending level correlations with DDT as well, such
that higher PIU scores were trending with greater preference for
smaller-but-immediate rewards. Perhaps the effect is observable only at
moderate to high PIU levels, though future research is necessary before
any definitive conclusion can be made. Associations were not detected
among other domain measures. These results ought to be interpreted
carefully given the limited sample size, and possible restriction of range
issues in the high PIU group. Relatedly, follow-up analyses with PIU
subdomains showed significant associations between PIU Control
Disorder and SR, while all PIU subdomains were associated with SP.
Difficulty controlling Internet use could be especially related to in-
creased SR, though these exploratory follow-up analyses ought to be
interpreted as preliminary. Future research exploring PIU subdomains
and differential associations with psychiatric symptoms are needed in
order to understand underlying phenomenology.

This investigation provides important findings that can serve to
guide future research, but it should be viewed as preliminary. To this
point, there are several important caveats to consider when interpreting
the results. First, in order to maximize signal with regards to PIU,
participants were selected based on PIU scores in the top and bottom
quartile. Future investigations with larger samples would benefit from
incorporating participants with a broader range of PIU scores. Though
power was adequate in the present study, future studies recruiting
larger, more representative, samples will be paramount moving for-
ward. Given the present sample size, results should be carefully inter-
preted as preliminary. This caution is particularly applicable to the
SPSRQ data, which unfortunately had some missing data that further
limited the overall sample size. Most notably, as abovementioned, the
sample is cross-sectional, which precludes inferring causality. Future
investigations will additionally benefit from mapping out specific pat-
terns of Internet behaviors (i.e. time spent online gaming versus social
media, etc.) and testing subgroups accordingly. Finally, studies ex-
amining symptoms related to PIU would be informative, as the litera-
ture suggests PIU can be both distressing and impairing, often im-
pacting daily functioning (Cash et al., 2012; Kuss et al., 2014; Kuss and
Lopez-Fernandez, 2016b; Younes et al., 2016; Young, 1999).

In conclusion, the current study has the potential of being highly
informative for future preventive and intervention efforts.
Understanding the cognitive underpinnings of PIU could provide us
with targets for treatment and increased etiological understanding. For
example, if it is known that this is related to SR, intervention treatments
could focus on developing reward-focused interventions. If SR is a risk
factor, this could inform preventive efforts in those that are highly
sensitive to reward. The present study suggests that specific cues of
reward and punishment relate to PIU. Effects were not detected for
impulse control in the face of neutral or reward stimuli, nor were they
detected by the BIS/BAS scales, which index trait level features of BIS/
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BAS functions. Thus, results suggest that incorporating measures of
multiple facets of impulse control, behavioral activation and behavioral
inhibitory systems is a crucial future direction for PIU research. Though
results ought to be interpreted as preliminary due to limited sample
size, the present investigation contributes a pilot examination of mul-
tiple facets of BIS/BAS function and impulse control.
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