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ABSTRACT 
 
Internet Addiction (IA) is considered a subtype of impulse control disorder, and a behavior 
related to rewarding system deficits. However whether and how impulse control deficits are 
related to in rewarding mechanisms is actually unexplored. The present research aims to 
examine the neural correlates of deficits in inhibitory control and the rewarding mechanisms in 
IA in a sample of young people. Internet Addiction Inventory (IAT) was applied to a sub-
clinical sample. Secondly, cortical oscillations (frequency bands) and personality trait 
(Behavioral Inhibition System, BIS; Behavioral Activation System, BAS) were considered to 
explain IA. Oscillatory brain activity (delta, theta, alpha, beta and gamma) and response times 
(RTs) were monitored during the performance of a Go/NoGo task in response online gambling 
videos, videogames or neutral stimuli. BAS, BAS-R (BAS-Reward subscale), BIS and IAT 
predicted the low-frequency band variations, although in an opposite direction: reduced delta 
and theta and RTs values were found for higher BAS, BAS-R and IAT, in the case of NoGo for 
gambling and videogames stimuli; in contrast increased delta and theta and RTs values were 
observed for higher BIS. Two potential different young subjects’ clusters were suggested: with low 
inhibitory impulse control and rewarding bias (higher BAS and IAT); and with impulse hyper-
control (higher BIS). 
 
Keywords: Internet Addiction; frequency band; BIS-BAS; rewarding; gambling  
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1. INTRODUCTION 
 
Internet addiction (IA) has been considered a public health issue (Zhou et al., 
2011) that involves online and/or offline computer use (Han, Lyoo, & Renshaw, 
2012). It was suggested that IA should be classified as one category of “behavioral 
addiction” considering its natural course, clinical symptoms, tolerance, 
comorbidity, and neurobiological aspects (Grant, Potenza, Weinstein, & Gorelick, 
2010). Other authors have referred to IA as a subtype of impulse control disorder 
(Dell’Osso et al., 2008; Dong, Lu, Zhou, & Zhao, 2010; Shapira, Goldsmith, 
Keck, Khosla, & McElroy, 2000). Indeed, some studies revealed the correlation 
between low impulse control and other addictive behaviors, such as pathological 
gambling, substance and alcohol abuse, mainly in young population. More 
specifically, Barnes, Welte, Hoffman and Dintcheff (2005) found that lower 
impulse control is a significant predictor of alcohol misuse for females and 
delinquency for males. Vitaro, Arseneault and Tremblay (1999) used a 
prospective-longitudinal design to investigate whether measuring low impulse 
control in youngers could predict engagement in gambling in adolescence. 
Moeller et al. (2001) found that impulsivity is a significant predictor of cocaine 
use and treatment retention. Based on this evidence researchers believe that IA is 
an impulse disorder or at least related to impulse control disorder (Beard & Wolf, 
2001; Young & Rogers, 1998) since other addiction categories may share similar 
neuropsychological and personality characteristics with IA (Choi et al., 2014). 
Cao, Su, Liu and Gao (2007) reported that adolescents with IA were more 
impulsive than  controls as measured by both the Barratt Impulsiveness Scale-11 
(BIS-11) and the Go-Stop impulsivity paradigm and response inhibition 
paradigm (Cao et al., 2007). In addition, the response inhibition, as assessed 
through Go/NoGo tasks, can be defined as the act of withholding or terminating 
a behavioral response and is considered to be governed by a cognitive inhibitory 
process (Logan, Cowan, & Davis, 1984). 

In line with this perspective, some researchers have provided 
electrophysiological evidence obtained from individuals with IA. For example, 
Dong et al. (2010) investigated response inhibition in subjects with IA by 
recording event-related potentials (ERPs) during a Go/NoGo task. The authors 
reported that the IA group exhibited lower NoGo-N200 amplitude and higher 
NoGo-P300 amplitude than did the normal group (Colrain et al., 2011; Dong et 
al. 2010). More generally, previous studies using time-frequency analysis related 
to the event-related potentials in response to target detection have found 
significant differences between different types of addictions and control subjects 
(Andrew & Fein, 2010; Jones et al., 2006). 

However, with specific reference to IA, limited studies explored the 
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relationship between addiction, impulsivity and brain activity by focusing on 
EEG (Kamarajan et al., 2004). Brain oscillations were previously used to test 
brain correlates of different types of addiction, although in a reduced number 
of cases focusing on an ample range of brain oscillations (Balconi & 
Finocchiaro, 2015; Balconi, Finocchiaro, & Canavesio, 2015; Balconi & 
Pozzoli, 2005; Finocchiaro & Balconi, 2015). Recent research has documented 
increased mid-frontal theta-band activity during demands of response 
inhibition (Barry, 2009; Kamarajan et al., 2004; Kamarajan et al., 2006; 
Kirmizi-Alsan et al., 2006; Yamanaka & Yamamoto, 2010), indicating that 
theta activity may reflect inhibitory processes. Moreover, in line with findings 
indicating that joint theta and delta activity underlies several ERP components 
(Başar, Başar-Eroğlu, Karakaş, & Schürmann, 1999), some studies report delta-
band activity underlying the NoGo-N2 and P3 responses, with delta-NoGo 
activity having a more central topographic distribution compared to delta-Go 
data (Barry 2009; Kamarajan et al., 2004, 2006; Kirmizi-Aslan et al., 2006). It 
was also found that in some specific addiction behavior (i.e. alcohol 
dependence) patients showed a significant reduction in delta and theta power 
during NoGo trials as compared to controls. This reduction was prominent in 
the frontal region (Kamarajan et al., 2012). The decreased delta and theta 
power associated with NoGo processing perhaps suggests a deficient inhibitory 
control and information-processing mechanism. Moreover, the slow alpha 
rhythm (8-10 Hz) has been reported to be modulated as a function of 
attentional demands (Basar, Schürmann, Başar-Eroglu, & Karakaş, 1997; 
Klimesch, Doppelmayr, Russegger, Pachinger, & Schwaiger, 1998; Klimesch, 
Doppelmayr, Pachinger, & Ripper, 1997a), and fast alpha activity (10–12 Hz) 
has been found to be a mediator of semantic memory processes as well as 
stimulus-related aspects (Klimesch, 1996; Klimesh et al., 1997a; Klimesch, 
Doppelmayr, Schimke, & Ripper, 1997b; Klimesch, Schimke, & Schwaiger, 
1994), and response to rewarding stimuli  (Balconi & Finocchiaro, 2016). 
Further, oscillatory gamma responses were shown to be involved in visual 
perception and cognitive integrative function (Basar, Başar-Eroglu, Karakaş, & 
Schürmann, 2001a; Başar, Schürmann, Başar-Eroglu, & Demiralp, 2001b; Basar-
Eroglu, Strüber, Kruse, Başar, & Stadler, 1996a; Başar-Eroglu, Strüber, 
Schürmann, Stadler, & Başar 1996b; Schürmann, Basar-Eroglu, & Basar, 1997). 
Both higher frequency bands (i.e. beta and gamma) have been found to be 
associated with response inhibition.  

Another factor that seems to be implicated in addiction was related to the 
rewarding effect and “reward bias” of potential rewarding cues, such as 
substance, but also videogames or gambling task condition in the case of IA. 
Indeed brain-imaging studies of addictive behaviors have identified a key 
involvement of the prefrontal cortex (PFC) through its regulation of the limbic 
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reward regions as well as its involvement in a higher-order executive function 
(Chen et al., 2007; Knyazev, 2010). Thus, addictive behavior may be explained 
by more receptiveness to the reinforcing effect of rewarding stimuli. Indeed, 
high reward sensitivity was shown to contribute to drug abuse vulnerability 
(Balconi & Finocchiaro 2015; Baler & Volkow 2006; Bechara & Van Der 
Linden, 2005; Dawe & Loxton, 2004). Three underlying types of dysfunctions 
have been identified in the case of reward vulnerability: hyperactivity in the 
emotional system, mediated by frontal and medial structures, such as the 
orbitofrontal cortex (OFC), anterior cingulate cortex (ACC) and amygdala, 
which exaggerate the rewarding impact of external reinforcers; anomalous brain 
activity in the prefrontal cortex (and mainly the DLPFC), which predicts the 
long-term consequences of a given action (Balconi & Finocchiaro, 2015, 2016; 
Bechara & Martin, 2004). A third component seems also to be associated with 
specific dysfunctions in the dopaminergic mesolimbic reward system which can 
elicit conditioned attention allocation for dependence-associated stimuli 
rendering them especially salient (Adinoff, 2004). Indeed, deficient mesolimbic 
reward system and prefrontal cortex activation is reported in substance abusers 
and impulsive individuals (Limbrick-Oldfield, van Holst, & Clark, 2013; 
Scheres, Milham, Knutson, & Castellanos, 2007). 

Therefore, reward motivation significantly and directly correlates with 
drug addiction Balconi, Finocchiaro, & Canavesio, 2014; Knyazev, 2010). At 
this regard, a strong relationship was also shown between impulsivity, drug-
dependence and Behavioral Activation System (BAS) and Behavioral Inhibition 
System (BIS) (Dawe & Loxton, 2004). Indeed, BIS and BAS measures 
represent a usable construct to test subjective reward-sensitivity based on 
neurophysiological correlates (Balconi, Brambilla, & Falbo, 2009a, 2009b; 
Balconi, Falbo, & Brambilla, 2009c; Balconi, Falbo, & Conte, 2012; Balconi & 
Mazza, 2009a, 2009b, 2010; Carver & White, 1994; Fowles, 1980; Gray, 1981; 
Gray & McNaughton, 2003). Previous findings provide support for the role of 
Gray’s BAS in mediating approach behavior and dependence as associated with 
the drive to consume rewarding substances or to be exposed to rewarding 
conditions (Balconi et al., 2015; Blum et al., 2000; Dawe & Loxton, 2004; 
Smillie, Loxton, & Avery, 2011). The cortical correlate of BIS/BAS system is 
the PFC, and, whereas the left PFC was shown to be more implicated in 
approach-related motivations and rewarding conditions, the right PFC was 
found to be more involved in withdrawal-related motivations and inhibitory 
mechanisms (Balconi & Mazza, 2009a, 2010; Davidson, 2004; Harmon-Jones, 
2004). Both approach and withdrawal motivations are paralleled by the reward 
and punishment contingencies (Balconi & Pozzoli, 2005, 2008). Indeed, 
frontal EEG asymmetry has been hypothesized to relate to appetitive 
(approach-related) and aversive (withdrawal-related) motivation and emotion, 
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with heightened approach tendencies reflected in left frontal activity and 
heightened withdrawal tendencies reflected in relative right frontal activity 
(Kamarajan et al., 2008). 

However whether and how impulse control deficits are related to in 
rewarding mechanisms is actually unexplored and unexplained. The purpose of 
the present study was to examine the neural correlates of deficits in inhibitory 
control and impulsive behavior, from one hand, and the underlying rewarding 
mechanisms, from the other hand, in online decisional processes by using 
potentially addictive stimuli. Specific and predictive measures of potential AI (as 
measured by Internet Addiction Inventory, IAT, Young, 1998) were applied to 
characterize a sub-clinical sample of healthy subjects. Secondly, cortical 
oscillations (frequency bands) and personality trait (BIS/BAS) were considered as 
predictive components to explain a potential web addiction profile. In addition, 
anxiety measure (STAY-Y2) was considered. A subclinical sample of young 
subjects was selected and potential  internet addiction behavior was explored by 
using behavioral measures (response times, RTs) during the performance of a 
Go/NoGo task in response to specific potentially rewarding cues (videos 
representing online gambling, videogames or control contexts such as sports 
games). Oscillatory brain activity in different frequency bands was monitored 
through an ample range of oscillations: delta, theta, alpha, beta and gamma. 

As revealed by previous analysis on different forms of addiction, it was 
supposed that the inhibitory control deficits should be reported in the case of 
increased AI profile (higher AI questionnaire scores), mainly in response to 
NoGo trials (inhibitory control condition), with decreased low-frequency 
bands (mainly delta and theta) as marker of deficit in inhibitory system. 
Moreover, BAS and BIS trait was considered as predictor of rewarding bias 
related to the potential rewarding cues. Indeed, reward sensitivity as reported 
by BAS (and BAS-reward, BAS-R subscale) may be informative on the 
behavioral bias in responding to potential rewarding (and addictive) cues. In 
contrast, BIS profile may more directly suggest a higher control and the 
activation of the inhibitory functions, with a less “unbalanced” (less rewarding-
related) behavior in response to Go/NoGo task. Finally, these two levels 
(respectively the inhibitory control and impulse regulation on one hand; the 
reward-sensitivity on the other hand) may be integrated each other, since 
addiction involves a combination of cognitive, motivational, and emotional 
states, which have been found to be mediated by brain oscillations, and mainly 
in the theta and delta bands. Therefore, a decreased low-frequency bands 
(reduced inhibitory control) should be paralleled by increased BAS values 
mainly in response to NoGo and more rewarding (gambling contexts) cues. In 
contrast, increased BIS values should be mirrored by an increased low-
frequency bands, as an expression of a higher control (or over-control) activity 
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and increased request for an inhibitory behavior when a NoGo performance is 
necessary. Finally, anxiety level should be directly related to these factors, with 
a concomitant higher anxiety level in the case of dysfunctional (less controlled 
and more reward-bias related) behavior. 

 
 
 

2. METHOD 
 

2.1 Subjects 
 

Twenty-two volunteers took part in the study (age range 19-25, M = 24.16, Sd = 
0.90, thirteen women and seventeen men). All subjects were undergraduate 
students at the Catholic University of Milan and were right-handed, with normal 
or corrected-to-normal visual acuity. Exclusion criteria were history of 
psychopathology (Beck Depression Inventory, BDI-II, Beck et al., 1996) for the 
subjects or immediate family members. No specific neurological or psychiatric 
pathologies were observed by clinical colloquium. They gave informed written 
consent for participating in the study, and the research was approved by the Ethical 
Committee of the institution where the work was carried out. 

 
2.2 Procedure 

 
The participants signed the informed written consent and then they sat on a 
comfortable chair in front of a Pc screen (1280/1024 pixel). The Pc was placed 
approximately 80 cm from the subject, with a visual horizontal angle of 4° and 
a vertical angle of 6°. They were instructed to the Go/No-Go task, prior to 
record EEG data. They were informed that the task consisted of four sessions 
and that at the beginning of each session would appear a black screen with 
instructions indicating which letter (M or W) represented the Go (press the 
button) and which the No-Go (do not press the button) condition. Also, they 
were allowed to rest until manually initiating the next block. In order to 
familiarize with the task, the participants completed a short session of 20 trials 
(70 % Go and 30% NoGo) on a black background. After the Go/No-Go task, 
the participants were submitted to a debriefing phase, with the post-evaluation 
questionnaires (IAT; BIS/BAS; STAI-Y; BDI-II). 

 
2.3 Stimuli 

 
In the experimental task the stimuli were two capital white letters (M and W; 
size of 500x400 mm) in Times New Roman font and background pictures 
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(gambling-related, videogames-related and neutral contexts) (figure 1) 
displayed on a 15-inch monitor. During a pre-testing phase, 40 pictures were 
selected from the Internet, and balanced for dimension, brightness and net 
color with adobe Photoshop 8.0. After that, 30 voluntaries, matched with age 
and sex with the experimental group, evaluated these pictures for gambling- 
and videogames-related context, considering four dimensions: relevance, 
familiarity, valence and arousing power. Participants were asked to rate on a 
scale of five points: from zero “not at all” to five “extremely”, the following 
questions for each picture: 1) How much the picture could be related to 
gambling/(or videogames)? 2) How much time do you spend in the activity 
represented by the picture? 3) Could you indicate the degree of 
pleasantness/unpleasantness of the picture? 4) Could you indicate the degree of 
emotional involvement that you feel because of the picture? Finally, 18 pictures 
were selected and categorised into four types: 6 pictures with low scores on 
gambling and video games relatedness and emotional levels were selected for 
neutral condition (e.g. various sport scenes not related to gambling or video-
games); 6 pictures with high scores on relevance,  valence (positive) and arousal 
(high) were selected for gambling-related condition (e.g. simulating interfaces 
gambling sites online) and 6 pictures for video games-related condition (e.g. 
the most famous and recent video games online). 

 
2.4 Go/No-Go task 

 
The Go/No-Go task which was a modified version of the experimental task 
used by Petit, Kornreich, Noël, Verbanck and Campanella (2012). The task was 
composed of four blocks of 120 stimuli per each, which were divided into 84 
Go trials and 36 No-Go trials for each session. The blocks consisted of 
randomised presentation of background pictures from three different contexts: 
gambling (G), videogames (VG) and neutral (N) for 500 ms, then the letter M 
or W appeared in the center of this background picture for 200 ms, successively 
the initial background picture came back for 1300 ms (figure 1). Therefore, 
participant had a maximum of 1500 ms to press the button before the next letter 
appear.  The letters were presented in a random order to ensure the same amount 
as a percentage of the trials Go (70%) and No-Go (30%) for each block and 
category. In order to familiarize with the task, before the first session, a black 
screen with instructions reported which letter (M or W) represented the Go (M, 
press the button) and which the No-Go (W, do not press the button). 
Participants were required to press a button as fast as possible when they saw the 
Go stimulus appearing at the center of the screen and to withhold the response 
for the No-Go stimulus. Moreover, they were asked to reduce moving and 
blinking during the task in order to diminish the interferences during the EEG 
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registration. Each participant completed a total of 480 trials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Go/No-Go task. Participants performed 4 blocks of 120 stimuli per each, 

divided in 84 Go trials and 36 No-Go trials. Each trial consisted of the presentation of a 
background picture (neutral, gambling and videogames) for 500 ms, then the letter M or 

W appeared in the center of this picture for 200 ms, successively the background screen 
remained for 1300 ms before to start another trial with a different background picture. 

(All the sessions were randomised using the software E-Prime) 
 
2.5 BIS/BAS scores 
 
BIS and BAS scores were calculated for each subject (Leone, Pierro, & 
Mannetti, 2002). The evaluation included 24 items (20 score-items and four 
fillers, each measured on four-point Likert scale), and two total scores for BIS 
(range = 7-28; 7 items) and BAS (range = 13-52; 13 items). BAS also includes 
three subscales (Reward, 5 items, Drive, 4 items, and Fun Seeking, 4 items). 
The questionnaire was submitted to the subject after completion of the 
experimental phase. Based on these measures, two total scores (BIS and BAS 
total) and three BAS subscale scores were calculated. The mean and standard 
deviation values for each scale were, respectively: for BIS: 16.32(1.12); BAS: 
36.67(1.76); Reward: 14.08(1.56); Drive: 14.55(1.43); Fun Seeking: 
15.21.01(1.70). Finally, Cronbach’s alpha was calculated for BIS (0.85) and 
BAS (0.82) and separately for each BAS subscale (Reward 0.85; Drive 0.79, 
and Fun Seeking 0.81). 
 
2.6 IAT scores 
 
Internet Addiction Test (IAT) was designed by Young (1998), according to the 
diagnostic criteria of the DSM-IV for pathological gambling and it was adapted 
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for the diagnosis of Internet Addiction. The questionnaire consists of 20 items 
measured with 5 steps Likert scale, ranging from “never” (0) to “always” (5). 
Once the subject has answered all the questions, the numbers of response were 
summed. The score is valued according to the cut-off: score between 0 and 30 
(none): Internet usage below the average; score between 31 and 49 (mild): an 
average Internet user, which can sometimes happen to surf the net a bit too 
long but without losing control of the situation; score between 50 and 79 
(moderate): the person already has several problems because of the Internet and 
it should reflect on the impact these issues have on his life;  score between 80 
and 100 (severe): the use of the Internet is excessive and is causing considerable 
problems to the person. The Cronbach’s alpha coefficient is from 0.75 to 0.92 
(Laconi, Rodgers, & Chabrol, 2014; Young, 1998). Subjects self-administrated 
the questionnaire after completion of the experimental task. The mean and 
standard deviation value for the group was: M = 37.75 (11.03). 
 
2.7 STAI-Y scores 
 
The State and Trait Anxiety Inventory (STAI, Spielberger, Gorsuch, Lushene, 
Vagg, & Jacobs, 1983) was used to assessed anxiety: the “Y” form is the most 
popular version, and it is composed by two axes: Y1 for state anxiety and Y2 for 
trait anxiety, both consisting of 20 multiple-choice items; all items are 
measured with a four steps Likert scale (from “almost never” to “almost 
always”). The total STAI score is between 20 and 80 with a threshold value of 
40 predictive of anxiety symptoms. According to a scalar criterion, it is also 
possible to define the severity level of anxious: 40 to 50 mild, 50 to 60 
moderate, up to 60 severe. The coefficient of consistency of the scale varies 
from 0.86 to 0.95 (Spielberger et al., 1983).  Subjects self-administered the 
questionnaire after the experimental task, for the final analyses it was 
considered the scores of trait anxiety (STAI-Y2) (M = 46.45; Sd = 2.10).   

 
2.8 EEG recordings and data reduction 
 
During task execution, EEG recordings were performed with a 64-channel DC 
amplifier (SYNAMPS system) and acquisition software (NEUROSCAN 4.2). An 
ElectroCap with Ag/AgCl electrodes was used to record EEG from active scalp 
sites referred to the earlobes (10/20 system of electrode placement) (Jasper, 1958; 
Pfurtscheller, 1992). Data were acquired using a sampling rate of 500 Hz, with a 
frequency band of 0.01 to 50 Hz. An off-line common average reference was 
successively computed to limit the problems associated with the signal-to-noise 
ratio (Ludwig, Miriani, Langhals, Joseph, & David, 2008; Pascual-Marqui, 
2002). Additionally, two EOG electrodes were sited on the outer canthi to 
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detect eye movements. The impedance of the recording electrodes was 
monitored for each subject prior to data collection and was always below 5 kΩ. 
After performing EOG correction and visual inspection, only artifact-free trials 
were considered (rejected epochs, 3%). The signal was visually scored, and 
portion of the data that contained artifacts were removed to increase specificity. 
Blinks were also visually monitored. Ocular artifacts (eye movements and 
blinks) were corrected using an eye-movement correction algorithm that 
employs a regression analysis in combination with artifact averaging (Balconi & 
Caldiroli, 2011; Pascual-Marqui, Michel, & Lehmann, 1994; Semlitsch, 
Anderer, Schuster, & Presslich, 1986). The digital EEG data (from all 64 active 
channels) were bandpass filtered in the following frequency bands: delta (0.5-
4), theta (4-8), alpha (8-12 Hz), beta (14-20), and gamma (20-40) (band-pass 
filtering 96 dB/octave rolloff, warm-up filter left and right to 100 ms). To 
obtain a signal proportional to the power of the EEG frequency band, the 
filtered signal samples were squared (Palmero-Soler, Dolan, Hadamschek, & 
Tass, 2007; Pfurtscheller 1992). 

An average absolute power value for each experimental condition was 
calculated, using the time window of 0-500 msec. A fast Fourier transform 
method (Hamming window: length 10%) was used to obtain estimates of 
spectral power (μV2) in the 1 Hz frequency bins for each electrode site. Spectral 
power values were averaged across all epochs within a single baseline and were 
then transformed into power density values for the different frequency band. 
All power density values were log transformed to normalize the distribution of 
the data after the subtraction. 
 
2.9 LORETA 
 
To localize the source of neural activity, we used the low-resolution 
electromagnetic tomography (sLORETA) method (Crean, de Wit, & Richards, 
2000; Pascual-Marqui et al., 1994; Pascual-Marqui, 2002; Proverbio, Riva, & 
Zani, 2010) It solves the inverse problem based on the assumption that the 
smoothest possible activity distribution is the most plausible one. Specifically, 
an improved version of standardized weighted sLORETA was applied 
(swLORETA) (Palmero-Soler et al., 2007). This method computes the current 
density (A/m2) according to the digitized probability atlas as the linear, 
weighted sum of the scalp electric potentials, and it assumes neither a limited 
number of dipolar point sources nor distribution on a known surface. 
Topographical voltage maps of bands were made by plotting color-coded 
isopotentials obtained by interpolating voltage values between scalp electrodes 
at a specific time interval (0-500 msec.). The source space used 5-point grid 
spacing (the distance between two calculation points), and the estimated signal 
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to noise ratio (SNR, which defines the regularization) was 3. In the present 
research, we calculated source localization for every subject and condition. 
Voxel-wise nonparametric statistics were used. Direct comparisons were 
successively conducted between the Go/NoGo condition. 

 
 
 

3. RESULTS 
 
3.1 Data analysis 
 
The statistical analyses were subdivided into four steps: a first set of 
correlational analysis finalized to explore the relationship between to BIS/BAS, 
IAT and STAI measures. A second set of ANOVAs, applied respectively to the 
dependent measures of RTs and frequency band oscillations, in response to 
Go/NoGo task and different stimulus condition. A third set of analysis 
finalized to explore the cortical localization of the frequency bands 
(sLORETA). Finally, a set of stepwise multiple regressions was applied to  
BIS/BAS and IAT measures as predictors of RTs and cortical oscillations 
modulations. 

 
3.2 Correlational analyses 
 
Pearson’s correlation analysis (across-subject correlations) was applied 
reciprocally to BIS/BAS, IAT and STAI measures. There was a significant 
positive correlation between BIS and IAT (r = .491; p < .01) and BAS and IAT 
(r = .513; p < .01). In addition, BAS-Reward subscale was highly correlated 
with IAT (r = .581; p < .001). Moreover, BAS was related with STAI (r = .514; 
p < .01). Finally, IAT was positively related with STAI (r = .487; p < .01). No 
other Pearson value was statistically significant. 

 
 
 

3.3 ANOVAs 
 

3.3.1 RTs 
 
The behavioural measures of RTs were subjected to a two-way repeated measures 
ANOVA, in which the within-subjects factors Go/NoGo (2) and stimulus (3) 
were applied to the RTs. Errors associated with inhomogeneity of variance were 
controlled by decreasing the degrees of freedom using the Greenhouse-Geiser 
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epsilon. A significant main effect was found for Go/NoGo (F(1,21) = 13.19, P = 
0.001, η2 = .42), stimuli (F(2,21) = 11.87, P = 0.001, η2 = .40), and Go/NoGo x 
stimuli (F(2,40) = 14.30, P = 0.001, η2 = .44) (Fig 2). About the main effects, 
Go condition revealed reduced RTs compared with NoGo. Moreover, as revealed 
by post-hoc analysis (contrast analysis for ANOVA, with Bonferroni corrections 
for multiple comparisons), reduced RTs were found for gambling more than 
videogames (F(2,21) = 11.87, P = 0.001, η2 = .40) and neutral stimuli (F(2,21) = 
11.87, P = 0.001, η2 = .40). In addition videogames differed from neutral stimuli 
(F(2,21) = 11.87, P = 0.001, η2 = .40), with reduced RTs for the former. About 
the significant interaction effects, simple effects revealed reduced RTs for 
videogames (F(1,21) = 9.43, P = 0.001, η2 = .36) and gambling stimuli (F(1,21) 
= 11.11, P = 0.001, η2 = .38) in Go more than NoGo condition. In addition, 
gambling stimuli condition showed decreased RTs more than videogames and 
neutral stimuli in Go (respectively (F(1,21) = 7.16, P = 0.001, η2 = .35), (F(1,21) 
= 9.06, P = 0.001, η2 = .36), (F(2,21) = 8.45, P = 0.001, η2 = .37); and in NoGo 
(F(1,21) = 10.43, P = 0.001, η2 = .40); (F(1,21) = 8.92, P = 0.001, η2 = .37). No 
other effect was statistically significant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. RTs mean values as a function of stimulus type and Go/NoGo task 
 
3.3.2 Frequency band analysis (delta, theta, alpha, beta, gamma) 
 
Each frequency band was subjected to a four-way ANOVA, in which the 
within-subjects Go/NoGo (2), stimuli (3), localization (4), and lateralization 
(2) were applied to the dependent variable of band power (Table 1). 
Localization (four sites: frontal, central, temporo-parietal, and occipital) and 
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lateralization (three sides: left, central, and right) factors were considered in 
applying statistical analysis. Specifically, we measured left, central and right 
frontal (F3, Fz, F4), middle-central (Cz, C3, C4), temporo-parietal (P3/T7, Pz, 
P4/T8; the left and right localizations were obtained as the mean value of 
parietal and temporal sites) and occipital (Oz, O1, O2) brain activity. 

For delta, significant condition (F(1,21) = 8.16, P = 0.001, η2 = .37) and 
stimuli (F(1,21) = 8.90, P = 0.001, η2 = .37) main effects were found (Figure 
3a). Indeed, delta power was higher for NoGo than Go condition. Moreover, 
condition x stimuli (F(1,21) = 9.13, P = 0.001, η2 = .39) and lateralization x 
localization (F(1,21) = 8.11, P = 0.001, η2 = .35) interaction effects were 
significant. Specifically, as shown by post-hoc comparisons, delta increased in 
response to NoGo condition for gambling stimuli (F(1,21) = 7.09, P = 0.001, 
η2 = .34) and videogames (F(1,21) = 8.32, P = 0.001, η2 = .37) than neutral 
stimuli. For the second interaction effect, delta was more frontally and right 
distributed than the other cortical sites (for all paired comparisons P ≤ 0.001). 

For theta, significant condition (F(1,21) = 8.92, P = 0.001, η2 = .37) and 
localization (F(1,21) = 7.87, P = 0.001, η2 = .35) main effects were observed. As 
shown (Figure. 3b) theta power was higher for NoGo than Go condition and it 
was more frontally distributed. Moreover, condition x stimuli (F(1,21) = 10.73, 
P = 0.001, η2 = .42) interaction effect was significant. Specifically, as shown by 
post-hoc comparisons, theta increased in response to NoGo condition for 
gambler stimuli (F(1,21) = 8.31, P = 0.001, η2 = .37) and videogames (F(1,21) = 
6.09, P = 0.001, η2 = .373) than neutral stimuli. For alpha, a significant 
condition effect was found (F(1,21) = 8.56, P = 0.001, η2 = .36). Indeed, there 
was a significantly decreased alpha in response to NoGo compared with Go 
condition. For beta and gamma no significant effects were found. 

 
3.4 sLORETA analysis 

 
For delta and theta, the algorithm localised the cortical source generators 
respectively in the right DLPFC for delta and in the DLPFC for theta when 
NoGo was compared with Go condition (t = 6.44, p ≤ 0.01; BA9 x = 5, y = 43, 
z = 14; t = 6.93, p ≤ 0.01; BA9 x = 2, y = 44, z = 17).  

For alpha, a significant differential activation comparing Go/NoGo was 
found more in the DLPFC (t = 5.60, p ≤ 0.01; BA10 x = 1, y = 52, z = 6). In 
contrast, no significant differences were found for beta (t = 1.22, p = 0.15) and 
gamma (t = 1.09, p = 0.22). 
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Table 1. Mean power of frequency bands (only significant interaction effect, in bold 
significant values) as a function of condition, stimuli, localisation and lateralization  

  frontal central 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

delta left central right left central right 

Go      
gambling 2.33a 0.45 2.40 0.23 2.65 0.37 2.50 0.22 2.52 0.12 2.59 0.11 

videogames 2.45 0.34 2.77 0.18 2.65 0.22 2.78 0.17 2.41 0.15 2.49 0.20 

neutral 2.12 0.31 2.22 0.26 2.08 0.26 1.67 0.25 2.07 0.20 2.10 0.28 

NoGo      
gambling 2.70 0.16 2.88 0.32 3.44 0.27 2.44 0.43 2.16 0.15 2.30 0.34 

videogames 2.77 0.29 2.96 2.38 3.14 0.15 2.44 0.15 2.29 0.21 2.38 0.18 

neutral 2.20 0.32 2.30 0.44 2.33 0.12 2.39 0.20 2.31 0.18 2.30 0.26 

theta 
Go 

gambling 2.16 0.19 2.09 0.29 2.10 0.34 2.06 0.15 2.12 0.23 1.88 0.17 

videogames 2.20 0.29 2.08 0.34 1.98 0.12 1.77 0.17 2.09 0.25 1.90 0.16 

neutral 2.09 0.30 1.90 0.30 1.95 0.24 1.80 0.32 2.01 0.31 1.98 0.20 

NoGo      
gambling 3.02 0.20 2.98 0.38 2.90 0.44 2.21 0.23 2.10 0.36 1.32 0.22 

videogames 3.11 0.23 3.02 0.33 2.86 0.41 2.45 0.28 2.40 0.38 1.99 0.18 

neutral 2.90 0.43 2.89 0.30 2.77 0.38 2.50 0.35 3.09 0.40 3.01 0.18 
alpha 
Go 

gambling 2.44 0.34 2.38 0.29 2.39 0.33 2.22 0.29 2.50 0.22 2.41 0.49 

videogames 2.12 0.20 2.33 0.22 2.20 0.30 2.16 0.23 2.31 0.20 2.27 0.40 

neutral 2.02 0.19 2.10 0.22 2.19 0.28 2.07 0.29 1.97 0.30 1.90 0.34 

NoGo      
gambling 2.02 0.20 1.90 0.15 1.88 0.19 1.80 0.23 1.56 0.27 1.50 0.15 

videogames 2.10 0.29 1.89 0.33 1.80 0.17 1.76 0.31 1.55 0.43 1.44 0.32 

neutral 1.98 0.22 1.77 0.29 1.78 0.29 1.70 0.15 1.50 0.44 1.41 0.20 
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temporo-parietal occipital 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

delta left central right left central right 

Go      
gambling 2.50 0.13 2.40 0.21 2.33 0.11 2.42 0.15 2.55 0.22 2.39 0.20 

videogames 2.52 0.20 2.44 0.17 2.46 0.14 2.51 0.12 2.51 0.20 2.36 0.24 

neutral 1.90 0.32 1.95 0.33 2.04 0.29 2.11 0.17 1.90 0.29 1.98 0.39 

NoGo      
gambling 2.31 0.21 2.15 0.32 2.22 0.15 2.30 0.21 2.17 0.20 2.22 0.21 

videogames 2.39 0.17 2.40 0.20 2.50 0.23 2.40 0.18 2.38 0.16 2.37 0.27 

neutral 2.42 0.18 2.30 0.16 2.42 0.19 2.48 0.24 2.31 0.17 2.15 0.17 

theta 
Go 

gambling 2.13 0.34 1.16 0.15 1.19 0.23 2.02 0.23 2.18 0.20 2.01 0.12 

videogames 1.87 0.44 1.77 0.27 1.55 0.15 1.60 0.10 2.09 0.34 1.90 0.15 

neutral 1.80 0.29 1.84 0.22 1.84 0.12 1.12 0.29 1.86 0.15 1.95 0.25 

NoGo      
gambling 1.77 0.45 1.32 0.56 1.87 0.32 1.56 0.33 1.90 0.55 1.98 0.21 

videogames 1.88 0.34 1.63 0.55 1.78 0.30 1.86 0.23 1.60 0.29 1.98 0.16 

neutral 2.65 0.33 2.62 0.50 2.70 0.29 2.50 0.22 2.53 0.20 2.41 0.18 
alpha 
Go 

gambling 2.38 0.17 2.09 0.22 1.90 0.27 1.88 0.33 1.77 0.39 1.54 0.29 

videogames 2.30 0.16 2.29 0.28 1.78 0.30 1.99 0.22 1.90 0.30 2.08 0.22 

neutral 1.98 0.25 2.05 0.25 2.10 0.28 2.12 0.39 2.18 0.20 2.07 0.19 

NoGo      
gambling 1.45 0.20 1.40 0.16 1.44 0.44 1.34 0.15 1.22 0.28 1.34 0.22 

videogames 1.42 0.30 1.20 0.20 1.30 0.13 1.32 0.32 1.28 0.39 1.30 0.34 

neutral 1.32 0.37 1.34 0.34 1.27 0.21 1.20 0.29 1.09 0.27 1.22 0.39 

a= μVolt  
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Figure 3a. Delta power modulation as a function of stimulus type and Go/NoGo task 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3b. Theta power modulation as a function of stimulus type and Go/NoGo task 
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3.5 Regression analysis 
 
Distinct multiple regression analyses were performed for each band and 
condition. Since sLORETA showed significant effect between conditions 
within the prefrontal cortex, regression analyses were performed on this cortical 
area. Predictor variables were BAS/BAS-R subscales, BIS, and IAT and 
predicted variables were frequency band in Go or NoGo condition from one 
hand; RTs variations on the other hand. Table 2 reports the correlations 
between predictors and predicted variable (R), the explained variance (R2), and 
the regression weights (β) for the regression equation. 

About frequency bands, as shown in table 2, BAS and BAS-Reward 
measure accounted for delta power in NoGo, with reduced delta values for 
gambling and videogames stimuli. Similarly, increased IAT values explained 
delta decreasing in response to these stimuli categories. On the contrary, BIS 
significantly accounted for the variance of delta, with a significant increased 
BIS which explained the concomitant delta increasing in response to 
videogames and gambling stimuli. No other effect was statistically significant. 
Similarly about theta, BAS and BAS-Reward measures accounted for theta 
power in NoGo, with reduced values for gambling and videogames stimuli. 
Also increased IAT values explained delta decreasing in response to these 
stimuli categories. BIS significantly accounted for the variance of theta, since 
increased BIS values explained delta increasing in response to videogames and 
gambling stimuli. No other effect was statistically significant. 

About RTs, BAS, BAS-R and IAT increased values predicted a significant 
RTs reduction in NoGo condition in response to gambling and videogames 
stimuli. No other effect was statistically significant. 
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Table 2. Regressions analysis: BIS/BAS and IAT as predictor variables and frequency bands/RTs variations as predicted variable, for 
each stim

ulus category. O
nly significant values w

ere reported (for N
oG

o condition in frontal areas) * p: .05 ** p:.01 
 

delta
theta

RT
s

BAS
BAS-R

BIS
IAT

BAS
BAS-R

BIS
IAT

 
BAS

BAS-R
BIS

IAT
gam

bling
R

2 
.32

.64
.80

.98
.29

.49
.76

.93 
.27

.44
.49

.75
β 

.33
.37

.30
.35

.22
.29

.30
.17 

.12
.22

.17
.37

std error
.19

.18
.27

.28
.33

.30
.27

.29 
.18

.30
.18

.19
t 

2.90**
2.92**

1.70*
1.76*

3.30**
2.77**

3.05* 
2.55**

2.88**
1.58*

1.07
2.91**

videogam
es

R
2 

.37
.62

.81
.98

.33
.68

.81
.97 

.25
.46

.50
.73

β 
.40

.33
.17

.30
.28

.20
.38

.37 
.21

.25
.22

.26
std error 

.28
.18

.22
.25

.24
.30

.32
.30 

.31
.32

.21
.22

t 
3.22*

2.96*
1.89

1.80
2.99*

3.48*
1.71 

2.60*
2.55*

2.10*
.96

2.51*
neutra l
R

2 
.09

.18
.26

.31
.10

.19
.30

.38 
.08

.12
.18

.23
β 

.41
.37

.22
.26

.24
.24

.32
.29 

.28
.20

.28
.20

std error 
.28

.25
.28

.25
.30

.31
.37

.33 
.35

.35
.21

.30
t 

.88
.81

.93
.78

.90
.94

.78
.64 

.70
.54

.40
.31
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4. DISCUSSION 
 
The present research aimed to explore the contribution of inhibitory mechanisms 
deficits and rewarding bias in IA. IAT, brain oscillations and BIS/BAS were used as 
integrated measures to test brain activity and behavioral response toward online 
stimuli (gambling; videogames; neutral cues) when a Go/NoGo task was 
submitted. Three main effects were elucidated and discussed. 
Firstly, one of the main effects was found due to the increasing of low-frequency 
bands (delta and theta) in relationship to the inhibitory system response (NoGo 
condition), when a more controlled behavior was required.  This effect was more 
directly related to some stimuli categories, such as gambling and videogames. 

Secondly, the contribution of BAS/BIS and IAT measures was 
demonstrated in online task. Indeed, as reported by regression analysis, they 
affected the subjects’ performance on both brain oscillations and RTs levels. In 
fact BAS and BIS predicted the low-frequency band variations, although  in an 
opposite direction: reduced delta and theta values were found for higher BAS 
and BAS-R in the case of inhibitory control condition (NoGo) mainly for 
gambling and videogames stimuli; in contrast increased delta and theta values 
were observed for higher BIS in response to NoGo condition and 
gambling/videogames stimuli. Also, RTs was modulated by BAS with decreased 
RTs for NoGo and gambling/videogames stimuli. Thirdly, IAT was shown to 
be a significant co-factor in explaining the brain oscillations variations, in 
concomitance with BIS/BAS. 

A first main effect was observed with regard to frequency band 
modulation, specifically for the low-frequency bands delta and theta. Indeed 
subjects revealed an increased low-frequency response in concomitance to 
inhibitory process, when NoGo task was performed. An increased brain activity 
was signaled also by the general decreased alpha in response to NoGo 
condition. As shown in previous research (Harper, Malone, & Bernat,. 2014) 
NoGo condition is generally associated with increased delta band activity, 
relative to Go stimuli (Harper et al., 2014). Thus, the observed increase in 
delta, and in the low-frequency bands activity in general, is consistent with 
previous observations with Go/NoGo task data (Barry 2009; Kamarajan et al., 
2004, 2006; Kirmizi-Alsan et al., 2006; Yamanaka & Yamamoto, 2010), as 
well as other control-related processes such as response error and feedback 
processing (Bernat, Nelson, Steele, Gehring, & Patrick, 2011; Cohen, Elger, & 
Ranganath, 2007; Gehring & Willoughby, 2004; Trujillo & Allen, 2007; 
Yordanova, Falkenstein, Hohnsbein, & Kolev, 2004). Specifically, previous work 
has detailed delta band activity associated with some cognitive functions, 
including reward processing (Bernat et al., 2011; Nelson, Patrick, Collins, 
Lang, & Bernat, 2011), target detection (Gilmore, Malone, Bernat, & Iacono, 
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2010; Schürmann, Başar-Eroglu, Kolev, & Başar, 1995), commission of motor 
errors (Cavanagh et al., 2012; Yordanova et al., 2004), and reward magnitude 
(Bernat, Nelson, & Baskin-Sommers, 2015). In contrast to the delta effects 
exhibited in a gambling-feedback task, where theta and delta were sensitive to 
different stimuli (theta-loss and delta-gain; Bernat et al., 2011), in other cases 
delta activation was sensitive to the same experimental effect as theta (i.e., greater 
for NoGo stimuli). The cortical generators of this effect were more frontally and 
centrally localized and this brain activity may dually reflect motor/cognitive 
inhibition and stimulus context updating (Smith, Johnstone, & Barry, 
2008).However, a new and interesting result of the present research was that, for 
the first time, this increased brain activity for low-frequency bands was mainly 
found in response to specific categories, such as gambling and videogames 
stimuli. Similarly, the performance (RTs) was affected by both task condition 
and stimuli: indeed, whereas in general a reduction of RTs was revealed in 
response to Go than NoGo condition, videogames and even more gambling 
stimuli registered the lowest RTs values. In this case a sort of facilitation effect, 
with an increased performance for more salient stimuli, may be suggested. In 
addition, an interesting and specific result was present in response to gambling 
stimuli, which showed the best performance (lower RTs) compared to the other 
categories. Therefore, whereas the inhibitory mechanisms may have required 
more cognitive resources to control the explicit behavior (with increased 
delta/theta for NoGo condition), the subjective performance may present a 
systematic temporal gain mainly for the most salient category (gambling) with a 
probable more “immediate” and “impulsive” response. 

However, at this regard a relevant effect should be attributed to the 
motivational components (BIS/BAS) and the internet addiction profile (IAT), 
as shown by the regression analysis. A first general effect was related to 
decreased theta and delta in relationship with increased BAS, BAS-R and IAT 
measures. In contrast with the general tendency observed for the whole sample, 
the finding of the present research indicated that delta/theta activity was 
partially suppressed in higher BAS, BAS-R and IAT at more anterior regions 
during NoGo trials. As revealed in previous research, the reduced responses in 
delta, as well as theta,  are likely to show some deficits in cognitive functions 
that are mediated by these oscillatory processes. Specifically, this fact may 
suggest that these subjects may present anomalies for some cognitive functions 
in governing inhibitory mechanisms, as well as dysfunctional frontal neural 
substrates that mediate these functions. A body of neuropsychological evidence 
supports this view, by showing a wide range of cognitive limitations including 
attention, working memory, encoding and retrieval processes and other deficits 
of executive functions, included the controlled and planned behavior related to  
delta and theta variations (Kamarjan et al., 2004). 

http://www.ledonline.it/neuropsychologicaltrends/


55

Neuropsychological Trends – 23/2018
http://www.ledonline.it/neuropsychologicaltrends/

Web addiction and brain 
 

 
 
 
 
 

55 

In terms of the significance of delta and theta reduction, also impulsivity 
was previously reported as an explicative factor. Specifically, neurocognitive 
models of addiction disorders often implicate impulsivity as a major 
component, and they reported a significant role for low-frequency bands as 
cortical marker of this deficit in impulse control. However a second potential 
explanation of the present results is related to the significance of the stimuli 
category (gambling and videogames), that is the proper rewarding effect of such 
stimuli. Indeed a significant finding of the present study is that higher BAS 
showed a significant reduction in theta activity, and secondly in delta activity 
when these potential rewarding cues were presented (Kamarajan et al., 2012). 
Brain oscillations of different frequency bands have been shown to have specific 
functional significance (Balconi et al., 2009, 2015; Balconi, Finocchiaro, & 
Canavesio, 2014; Başar et al., 1999). Reward processing as unfolded during a 
Go/NoGo task involves a combination of behavioral, cognitive, motivational, 
and emotional states, which have been found to be mediated by brain 
oscillations in the theta and delta bands (Kamarajan et al., 2008). In addition, 
prior findings, from both neuroimaging and electrophysiological studies, have 
reported dysfunctional neural reward systems in different forms of addictions 
(such as alcohol abuse and dependence). Many fMRI studies have identified 
the areas involved in reward processing in healthy subjects (Delgado, Locke, 
Stenger, & Fiez, 2003; Delgado, Miller, Inati, & Phelps, 2005; Knutson, Fong, 
Bennett, Adams, & Hommer, 2003; Marco-Pallares, Müller, & Münte, 2007; 
McClure York, & Montague, 2004), and a few imaging studies have 
documented the impairments in the key brain areas of reward circuitry in 
alcoholics (de Greck et al., 2009; Makris et al., 2008; Wrase et al., 2007). 
Overall, these topographic differences in addiction during reward processing 
may indicate a possible dysfunction in the neural reward circuitry. (Diekhof, 
Falkai, & Gruber, 2008), have outlined the neural mechanisms underlying 
reward processing and decision-making processes in the healthy brain as well as 
pathophysiological alterations in the neural reward system observed in addictive 
and mood disorders. Integrating both dimensions as possible mechanism for 
addiction and drug-seeking behavior, Schoenbaum, Roesch and Stalnaker (2006) 
reasoned that addicted individuals commonly exhibit a decreased ability to 
control the desire to obtain drugs (i.e., inhibitory control), despite knowledge 
about the aversive consequences following drug intake or the low expectation of 
actual pleasure expected from the drug (i.e., decision making and reward 
consequences). 

Therefore, in the light of earlier reports on reward processing in healthy 
subjects as well as in addition, decreased theta and delta power in some subjects 
higher in BAS and mainly BAS-R may suggest a dysfunctional reward circuitry, 
which might serve as a hallmark feature of future addictive behavior. 
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Furthermore, because the cortical generators of theta and delta in response to 
NoGo condition were reported to be in the frontal areas (mainly the DLPFC) 
decreased theta and delta response can be attributed to an impairment in 
frontal lobe functioning. 

Therefore, based on the present research, we hypothesize that the some 
inhibitory deficits and reward mechanisms observed in some subjects (higher IAT 
and BAS) may be due to the implication (and some anomalous activity) of frontal 
network system: since response inhibition is a function of frontal lobes (Fuster, 
1989), the deficient low-frequency oscillatory activity during NoGo condition 
would imply a frontal lobe dysfunction in terms of processing of rewarding 
stimuli. Several studies have reported the frontal origin of event-related theta 
oscillations during cognitive paradigms, and some researches with gambling 
paradigm found frontal activations (in cingulate cortex) during reward processing 
(Kamarajan et al., 2008, 2009) in healthy individuals and identified reduced 
frontal activations in alcoholic individuals (Kamarajan et al., 2010). Additionally, 
reduced frontal activity was found in subjects with high impulsivity and 
alcoholism (Chen et al., 2007; Dom, De Wilde, Hulstijn, & Sabbe, 2007) and it 
was found that impulsivity was associated with theta power (Kamarajan et al., 
2008).In contrast, higher BIS showed a different behavior compared with higher 
BAS. Indeed they revealed an increased prefrontal responsiveness (more delta and 
theta values) (Hester, Murphy, & Garavan, 2004). This increased prefrontal 
activity in response to NoGo condition and mainly to more rewarding cues 
(gambling and videogames) may be related to the necessity to control the 
impulsive response. That is, to allow  functional inhibitory mechanisms and a 
successful control of their behavior, they adopted a hyper-control strategy with a 
consistent and significant frontal activity increasing. 

Also IAT measure was a significant component in explaining the brain 
oscillation and behavioral modulation. Indeed it was able to support both the 
delta/theta and RTs decreasing in inhibitory condition (NoGo) when rewarding 
cues were presented. It is also interesting to note that both high BAS and BIS 
subjects showed a significant relationship (correlational analysis) with IAT measure 
(Balconi, Falbo & Conte, 2012). This trend may suggest different cortical 
mechanisms underlying the decisional processes in potential dysfunctional 
behaviors (web addiction). Whereas both under-control and over-control strategies 
may be predictive of future addictions (for their correlations with IAT), only under-
controlled behavior produces a clear inability to regulate the prefrontal activity in 
terms of balanced delta/theta response. In addition, as shown by anxiety measures, 
higher BAS values are more directly related to an increased anxiety state (STAI) 
which may be predictive of a general anxiety disturb (Balconi, Brambilla, & Falbo, 
2009a, 2009b; Balconi et al., 2012). 
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