Received: 28 April 2023

Revised: 10 November 2023

Accepted: 9 January 2024

DOI: 10.1111/adb.13373

ORIGINAL ARTICLE

Addiction Biol SSA

WILEY

Impact of online poker gambling on behavioural and
neurophysiological responses to a virtual gambling task

Julie Giustinianit?3® |

Thibaut Chabin?* |

LUMR INSERM 1322LINC, Université de
Franche-Comté, Besancon, France

2Département clinique de psychiatrie, Centre
hospitalier universitaire de Besancgon,
Besancon, France

3Centre hospitalier Universitaire de Besancon,
Besancon, France

“Neuraxess département de neuroimagerie et
neurostimulation, Université de Franche
Comté, Besancgon, France

SFondaMental Fondation, Créteil, France

Correspondence

Julie Giustiniani, Department of Clinical
Psychiatry, University Hospital of Besancon,
25000, Besancgon, France.

Email: julie.giustiniani@univ-fcomte.fr;
giustiniani.julie@gmail.com

Funding information

French Eastern Interregional Group of Clinical
Research and Innovation

1 | INTRODUCTION

Magali Nicolier
Lionel Pazart?® |

1234 | Audrey Diwoux* |

1,2,3,5 | | 1,34

Emmanuel Haffen Damien Gabrie

Abstract

Online poker gambling (OPG) involves various executive control processes and emo-
tion regulation. In this context, we hypothesized that online poker players, accus-
tomed to handling virtual cards, would show high performance on computerized
decision-making tasks such as the lowa Gambling Task (IGT). Using press advertise-
ments, we recruited a non-gambler group (NG; n = 20) and an OPG group (n = 22).
All participants performed the IGT while their cerebral activity was recorded by elec-
troencephalography. Compared with the OPG group, the NG group showed signifi-
cantly better progression in the IGT in the last trials. Recording of brain activity
revealed the appearance of a temporal map between 150 and 175 ms specific to the
gain condition in both groups. A second map was observed at 215-295 ms specifi-
cally in the NG group, and the generators were identified in the occipital regions. This
activity is indicative of a high level of visual awareness; thus, it reflects additional pro-
cessing of visual information, which can be assumed to be induced by the lower expo-
sure of the NGs to online card games. We hypothesize that the absence of this
activity in the OPG group might be due to their online habituation to virtual

environments.
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different executive control processes, and its regular practice gives

poker gamblers greater efficiency in exerting willpower during a gam-

Poker represents a considerable and ever-growing economic sector.
In 2010, the total number of regular poker gamblers was estimated to
be 44.5 million, largely due to the advent of online poker.! Almost
20 years after the poker boom, we have observed that its popularity
remained stable, particularly in France.? Poker, whether offline or
online, is categorized as strategic gambling.® Strategic dimension
allows gamblers to use their skills and knowledge in an attempt to
influence the game or predict outcomes.* Thus, poker activity involves

bling session.

Poker compels gamblers to choose between short- and long-term
consequences of an action.’ In addition, the ability to adopt better
decision-making is affected by the individual's emotional self-regula-
tion.® Indeed, it is well known among poker gamblers that intense
feelings of frustration and strong negative emotions following
repeated losses lead to a decrease in strategic or calculated play and
an increase in aggressive and reckless betting. This phenomenon is
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particularly well known among poker gamblers as ‘tilt’.” Decision-
making ability under conditions of uncertainty is usually evaluated
using the lowa Gambling Task (IGT).2 In this task, participants are
given a choice of four decks of cards and, via successive choices, learn
to choose the advantageous decks.® Altered performance in this task
in individuals with gambling disorder (GD) is well known.” Indeed,
poker, like all other gambles, exposes gamblers to the risk of addiction
and GD.1° The IGT is often used in this population to study how their
disorder may alter their decision-making skills. There is a vast litera-
ture on the identification of the neural correlates of these decisional
deficits at IGT in populations with addictions, including GD. Studies
using functional Magnetic Resonance Imagery (fMRI) showed that
impaired performance in the IGT is linked to a diminished activity of
the ventromedial prefrontal cortex (vmPFC)'* or with increased neural
activity associated with reward processing.” Because the decision-
making process involves many brain structures in a short period of
time, the recording of event-related potentials (ERPs) using electroen-
cephalography (EEG) allows an accurate assessment of the time
course of neural activation in response to reward and punishment
over the fMRL'? Most studies have focused on two ERPs, the
feedback-related negativity (FRN) and the P300. The FRN is a nega-
tive early ERP usually measured ~200-300 ms after feedback,®®
which reflects the early appraisal of binary reward/loss.** A higher
post-reward FRN was identified in GDs who failed IGT, corroborating
the thesis of increased reward processing.'®> The P300 is a positive
ERP characterized by a large amplitude that is measured ~300-
400 ms after the presentation of stimuli in any sensory modality.'®
The P300 is associated with performance monitoring and behavioural
adaptation!” and is influenced by attention and working memory
updating.*® Hence, it plays an essential role in decision-making. In line
with what has been observed with fMRI,> many ERP studies showed
that hypersensitivity to a reward undermines a person's ability to
develop an optimal strategy.'>? More precisely, in a previous study,
we found that participants with a blunted P300 showed better perfor-
mance in the IGT,'? while another group showed a positive correla-
tion among all ERPs in IGT performance, except for the P300.%° In
addition, the P300 is related to the ability to discriminate relevant
stimuli.?* Thus, a blunted P300 in the IGT translates to less attention
being paid to the immediate task reward because it is judged to be
irrelevant due to a greater ability to filter distractors, in favour of an
efficient long-term strategy.'® In view of these data, it seems to us
that before proceeding with a population suffering from GD, it would
be appropriate to identify whether poker gambling alone has an
impact on decision-making ability at the IGT and on neural activity.
The main objective of the present study was to evaluate the neu-
ral bases of decision-making in online poker gambling (OPG) without
GD compared to non-gamblers (NGs). We know from previous studies
that there are different behavioural performances at the IGT between
gamblers with GD and NGs. Here, we want to explore the neural
mechanisms related to this difference. Usually, studies of GD compare
neural activity to a healthy, often NG group. However, we believe that
a certain modification of neuronal activity could be induced by expo-

sure to the environment and by regular practice of the game even
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without GD. Herewith, it seems necessary to us, before continuing
research on OPG with GD, to clarify this aspect in order to not
wrongly attribute differences to the disorder of the game when they
could be solely due to online gambling exposure. The IGT and, more
particularly, its computerized version?? are particularly interesting
because they are reminiscent of online poker, in terms of game struc-
ture with the management of uncertainty and because of their inter-
face with the virtual card selection.> We hypothesized that the
specific design of the IGT regarding its gambling-like structure should
confer an advantage to gamblers. Indeed, through a ripple effect,
OPGs without GD can be expected to perform better than NGs. We
chose to record neuronal activity during IGT execution with an EEG
to obtain a dynamic view of the links between the reward and execu-
tive pathways necessary for successful task completion.> We tested
the following hypotheses: (1) that OPGs would perform better in the
IGT than NGs due to their habituation to the computerized environ-
ment and manipulation of virtual cards; (2) that OPGs would be able
to regulate their emotional drive to a specific neuronal activity, with a
distinct feedback processing from NGs; and (3) that source localiza-
tion would identify a higher activity of cerebral structures involved in

the ‘reflective’ system in OPGs.

2 | METHODS

21 | Participants and recruitment

Forty-two male volunteers (mean age, 25.8 + 5.8 years) were
recruited through Besancon (France) local press to participate in the
current study. The press release specified that we were looking for
OPG and NG subjects, without any neurological or psychiatrist disor-
der, current or past. All participants were right-handed (assessed with
the Handedness Questionnaire of Oldfield?®), older than 18 years old
and had normal or corrected-to-normal vision.

Participants were divided into two groups based on their gam-
bling habits: an NG group (20 participants; mean age, 23.4 + 4.2 years)
and an OPG without GD group (22 participants; mean age,
28 * 6.2 years). The NG group reported that they never did poker bet-
ting nor any other gambling activities (except some gambling experi-
ences in the past), while the OPG group reported an active online
poker activity (predominantly or exclusively online).

Each participant was interviewed to verify inclusion and exclusion
criteria. None of them had any medical history of psychiatric disor-
ders, substance use (except for tobacco and alcohol), neurological dis-
eases, traumatic brain injury or stroke, and they were not taking any
medication at the time of the study.

Prior to participating in the study, the participants received infor-
mation regarding the aims and procedures of the experiment and gave
their written informed consent to participate. All participants received
€85 in compensation at the end of the experiment. All methods were
performed in accordance with the relevant guidelines and regulations,
and all methods were approved by the Ethics Committee of Besancon

University Hospital (authorized by the General Health Administration
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[ANSM 2016-A00870-51]) and carried out in accordance with the
protocol and with the principles enunciated in the Declaration of
Helsinki.

2.2 | Clinical and psychometric measures

Depressive symptoms were assessed using the Montgomery and
Asberg Depression Rating Scale (MADRS).2* All participants with a
score above 7 were excluded, and the existence of a GD was assessed
in the OPG group with the administration of the DSM-5 ‘GD’. Each
participant performed several self-reported questionnaires to ensure
the comparability of the groups in terms of habits. To determine their
gambling habits and risk profiles, especially for the OPG group, partici-
pants performed the Canadian Problem Gambler Index (CPGI).2> As
tobacco and alcohol consumption were not excluded, their level of
consumption was verified by means of a questionnaire. The Alcohol
Use Disorder Identification Test (AUDIT) identifies the alcohol con-
sumption level and the existence of an alcohol use disorder.?® The
Fagerstrom Test is a screening instrument for physical nicotine
dependence,?” and the DSM-IV-TR Substance-Dependence Adapted
Scale (DAS) screens for video gaming disorder.?® In addition, each par-
ticipant performed self-reported questionnaires to identify personality
traits that can influence IGT performance: the Barratt Impulsiveness
Scale (BIS-10), which used to assess impulsivity and its subcompo-
nents (cognitive, motor and non-planning)”; the Chapman Anhedonia
Scale (CAS), which measures physical (CAS-P) and social (CAS-S) anhe-
donia®®; the Snaith-Hamilton Pleasure Scale (SHAPS),30 which
assesses the hedonic response; and the ‘Behavioural Inhibition Sys-
tem’ and ‘Behavioural Approach System’ (BIS/BAS), which evaluates
appetitive and aversive motivation. In particular, the BIS/BAS com-
prises three subcategories of the BAS: Drive (BAS-D), Fun-Seeking
(BAS-FS) and Reward Responsiveness (BAS-RR).%!

2.3 | Experimental task: the IGT

The virtual IGT used in this study is an electronic version of the IGT
adapted for the study of ERPs and the analysis of brain activity
sources. This adaptation have been previously validated in a previous
study (see Giustiniani et al.).*? All the changes made to the original
IGT are designed to increase the number of trials required for ERP
analysis and to limit artefacts caused by movements such as blinks.
The aim of the task is to win as much money as possible by making
successive selections among four decks.

Deck compositions, values and schedules of reward/punishment
were predetermined identically to the original form of the IGT. While
the back of each deck looked identical, they differed in composition.
Decks A and B were the disadvantageous decks: they provided imme-
diate rewards but, in the long run, yielded major economic losses.
Decks C and D were the advantageous decks: they provided frequent
small wins and smaller long-term penalties, which resulted in a long-

term gain. The participants were not informed of the number of trials
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that they would be playing. To adapt the IGT for our French partici-
pants, the money used in the task was converted from US dollars to
euros. At the beginning of the IGT, participants received a virtual loan
of €2000.5*2

Some changes had to be made to adapt the original IGT task to
work with the EEG. Firstly, to extend the electrophysiological record-
ing from the hunch phase, the number of trials was increased from
100 to 200, and the participants received no hints about the presence
of advantageous or disadvantageous decks. Each deck contained
200 cards. Secondly, the design of the trial process was modified to
minimize ocular artefacts. For each trial, participants were required
to focus on a cross or a square while making their selection by press-
ing a key. After the selection, feedback on the deck chosen and the
total amount of credit were displayed, followed by the amount of
money involved in that trial. Then, a fixation point appeared in order
to focus the eyes, followed by a green square if money was won or a
red square if money was lost. Participants received instructions to
focus on the square and not to blink until they had made their next
selection. Before beginning the task, the participants were trained
with a five-trial short version of the game.!?

24 | EEG recording

EEG signals were recorded using a 256-channel Geodesic Sensor Net
(Electrical Geodesics Inc., Eugene, OR) during the IGT. Continuous
recordings were performed at a sampling rate of 1000 Hz. All
channels were referenced to the vertex (Cz) and collected with a
high-impedance amplifier (Net Amp 400, Electrical Geodesics) using
Net Station 4.5 software (Electrical Geodesics). Participants were
instructed to limit body movements, eye blinks and muscular contrac-
tions during task selection and reward feedback.?

2.5 | Data analysis

2.5.1 | Behavioural data analysis

The 200 trials of the IGT were divided into 10 blocks of 20 trials. The
individual net score was calculated by subtracting the number of dis-
advantageous decks from the number of advantageous decks
obtained for each block.

2.5.2 | EEG dataanalysis
ERP data analysis was performed using Cartool Software 3.551
(https://sites.google.com/site/cartoolcommunity/home). Raw EEG data
were re-referenced offline to a common average reference. Data were
bandpass-filtered between 1 and 30 Hz (Butterworth), and a notch fil-
ter fixed to 50 Hz was applied to remove environmental artefacts.

The main interval of interest in the IGT was after the reward

screen. Epochs of 700 ms (100 ms prior to reward feedback to
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600 ms after reward feedback) were extracted from the raw data and
analysed, with a baseline correction applied from before to the onset
of the feedback (100-0 ms). A semi-automatic artefact rejection
method was used, with a fixed criterion of +100 uV. The remaining
epochs were visually inspected for the manual removal of any blinks,
eye movements, or other sources of transient noise from the analysis.
Electrodes with an aberrant signal (e.g., excessive noise due to mal-
functioning or a bad signal during data collection) were interpolated
using a three-dimensional spline algorithm.

Microstate analysis was also performed to determine whether the
four conditions (win or loss in the IGT for both the OPG and NG
groups) differed in terms of global electric fields.>? Spatiotemporal
segmentation was performed on the group-averaged ERPs from the
displayed result to 600 ms after for each condition. Changes in elec-
tric fields occur when the configuration of the underlying generator
has changed and suggest the activation of different brain networks. A
k-means cluster analysis of topographic dissimilarities was applied to
determine which topographic template (map) best explained the par-
ticipants' ERP responses to each experimental condition.

Following the microstate procedure, two types of analyses were

then performed:

e A conventional analysis of ERPs in the topographic maps resulting
from the group-averaged data uncovering the latency of the FRN
and P300. Based on previous literature on feedback processing, six
central electrodes (Fpz, Fz, FCz, Cz, CPz, Pz) were chosen for the
current analysis. 143334

o A fitting procedure comparing the group-averaged data with the
scalp topography of ERPs at the individual level. For each condition
of each participant, we were then able to extract various parame-
ters, such as the number of time frames (TFs), the global field
power (GFP) and the global explained variance (GEV) for each map.
Within our frequency range, the number of TFs represents the cur-
rent length duration time of the map in milliseconds, while the
GEV is the percentage of total variance explained by a given micro-
state that ‘reflects the relative time coverage of its underlying neu-

ral generators compared to others’ %>

Finally, a source localization procedure was also performed by using a
distributed linear inverse solution based on a local auto-regressive
average (Loreta) model for the maps resulting from the segmentation
analysis and showing differences between the OPG and NG groups.
These source estimations were computed from the averages of ERPs
at all 256 electrodes into a solution space represented by a three-
dimensional grid composed of 5018 nodes. These 5018 nodes were
selected from a grid equally distributed over the grey matter of the
average brain provided by the Montreal Neurological Institute.

2.6 | Statistical analysis

Statistical analyses were performed with Statistica (StatSoft Europe,

Hamburg, Germany) and R 3.4.1 (R Development Core Team)
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software. For the psychometric statistics, Bartlett's test was applied
and a t-test was used to test potential differences in psychometric
scales between the two groups.

For the behavioural statistics, we assessed whether there were
group differences in the net score by using a general linear model
(GLM) analysis, including Group (OPG group versus NG group) x
Block (1 to 10). A least significant difference post hoc correction was
applied when necessary. To assess whether there was a relationship
between decision-making in the IGT and gambling habits, we per-
formed a Pearson two-tailed correlation between the net score during
the conceptual phase and the CPGl score in the OPG group.

In the conventional analysis of ERPs, we assessed whether there
were group differences in the mean signal amplitude in the map rel-
ative to the FRN and P300 by using a GLM analysis that included
Group (OPG group versus NG group) x Result (win versus loss) x
Electrode (FPz, Fz, Cz, CPz, Pz and Oz). In the fitting procedure, the
topographic maps specific to either groups (OPG group versus NG
group) or results were analysed with a second GLM including
Group x Results. The dependent variables were the mean number
of TFs, the mean GFP, the maximum GFP and the GEV. For

both GLMs, a Bonferroni post hoc correction was applied when

necessary.
3 | RESULTS
3.1 | Sociodemographic and psychometric data

No significant psychometric variations were observed between the
two groups in the BIS-10, BFI-Fr, CAS-S and SHAPS. However, com-
pared with the NG group, the OPG group showed a higher level of
physical anhedonia in the CAS-P (t[42] = —2.3175, p = 0.0262) and a
higher score in the BAS-Drive in the BIS/BAS (t[42] = —2.3077,
p = 0.02642). Sociodemographic data and psychometric are pre-
sented in Table 1.

We observed in the OPG group, a score range of O to 10 for the
CPGlI (median, 2), five volunteers had excessive gambling activity as
defined by the CPGI (score 27). The administration of the DSM-5
section ‘GD’ in the OPG group confirmed that they did not suffer
from a GD (mean, 1.64 + 1.79; median, 1).

3.2 | Behavioural results in the IGT

A significant interaction was observed between Group and Block (F
(9,360) = 2.02, p < 0.05, r12 = 0.05). For both groups, a learning effect
was observed during the task, as reflected by significant differences in
the net score between the first and last blocks of the task (Figure 1).
In the NG group, this difference was observed between the first three
blocks of the tasks (i.e., trials 1-60) and the last five blocks (i.e., trials
101-200; p < 0.01 for all comparisons). In the OPG group, the differ-
ence was observed between the first three blocks and the last three

blocks (i.e., trials 140-200; p < 0.05 for all comparisons).
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TABLE 1  Sociodemographic and psychometric characteristics of the study sample.

Non-gamblers Online poker gamblers
20 (47.6%) 22 (52.4%)
Mean (SD) Mean (SD) p-Value
DAS (video gaming) 0 1.18(1.65) 0.002987
MADRS 0.55(1.67) 0.409 (0.666) 0.7273
AUDIT 5.1(2.83) 7 (3.85) 0.078
Fagerstrom 0.15(0.489) 0.955 (1.43) 0.022
CAS, physical 14 (4.27) 17.9 (6.52) 0.0262
CAS, social 7.15 (4.39) 7.23 (4.44) 0.9551
BIS-10 49.6 (12.3) 46.6 (13.7) 0.4717
o Mi 16.2 (6.39) 13.9 (6.08) 0.2433
o Cl 17.0(5.51) 15.5(5.21) 0.3699
e NPI 16.4 (3.96) 17.2(6.91) 0.6131
BAS 38.4 (5.90) 39.0 (3.73) 0.7213
o Drive 8.8 (1.67) 9.95 (1.56) 0.02642
e FS 11.6 (1.73) 12.0(1.53) 0.4288
¢ RR 16.9 (1.62) 17.0 (1.76) 0.7816
BIS 21.0 (2.96) 20.3 (2.90) 0.4244
SHAPS 1(0.918) 1.41(1.37) 0.2588

Note: Differences were determined using a t-test.

Abbreviations: AUDIT, Alcohol Use Disorder Identification Test; BAS, Behavioural Approach System; BIS, Behavioural Inhibition System; BIS-10 ClI,
cognitive impulsiveness; BIS-10 MI, motor impulsiveness; BIS-10 NPI, non-planning impulsiveness; BIS-10, Barratt Impulsiveness Scale; CAS, Chapman
Anhedonia Scale; | DAS, Dependence Adapted Scale; FS, Fun-Seeking; MADRS, Montgomery and Asberg Depression Rating Scale; RR, Reward
Responsiveness; SHAPS, Snaith-Hamilton Pleasure Scale.

16
<-Non Gambler 9-Online Poker Gambler

14

12 ’____,_,_——0

10

Netscore

-2

-4
Block

FIGURE 1 Behavioural performance in the lowa Gambling Task. Evolution of the net score in each block for the non-gambler (NG) group
(in blue) and the online poker gambler (OPG) group (in red)
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We also observed an increased performance in the IGT of the NG
group compared to the OPG group during the last blocks of the task:
p < 0.05 for trials 121-140, 161-180 and 181-200; p = 0.06 for trials
140-160. These trials were considered part of the conceptual phase.
Interestingly, a negative relationship was found between the mean
score in trials 120-200 in the IGT and the ICJE score in the OPG
group (r = 0.45, p < 0.05).

3.3 | EEGresults
The result of the segmentation is shown in Figure 2. One topographic
map was specific to the win condition and was observed between
150 and 175 ms after the outcome (time window 4 [TW4]). The
latency was similar to the FRN ERP observed during conventional
ERP analyses.>* One other topographic map was specific to the NG
group and was observed between 215 and 295 ms after the outcome
(time window 6 [TWé]). The latency was partly similar to the begin-
ning of the P300 in similar studies on ERPs.1®

For TW4, the number of TFs, the GEV, the maximum GFP
(maxGFP) and the mean GFP (meanGFP) were increased in case of a
win compared to a loss (TF: F(1,40) = 20.1, p < 0.001, 112 =0.33; GEV:
F(1,40) = 14.5, p < 0.001, n = 0.27; max GFP: F(1,40) = 12.3,p < 0.01,
12 = 0.24; and mean GFP: F(1,40) = 114, p < 0.01, 3% = 0.22).

WIN

Non-Gambler group

LOSS

WIN

LOSS

Online Poker Gambler group

GIUSTINIANI ET AL.

A conventional analysis in the same time period confirmed this
difference, with an Outcome x Electrode effect (F(5,200) = 16.7,
p < 0.00001, 112 = 0.29). A more negative response was observed in
parieto-occipital electrodes after a loss (p < 0.001 for Pz and Oz).

Source localization for TW4 revealed that the topography origi-
nated from the temporal inferior and parietal regions (Figure 3).

For TW6, the number of TFs (F(1,40) = 7.1, p < 0.05, r12 =0.15)
and the GEV (F(1,40) = 5.6, p < 0.05, 112 = 0.12) were reduced for the
OPG group compared to the NG group. Conventional analysis in
the same time period revealed an interaction between Group and
Electrode (F(5,200) = 2.49, p < 0.05, 112 = 0.06). Post hoc Bonferroni
tests did not reveal any significant difference, but LSD tests confirmed
this difference in the FPz. Source localization for TW6 revealed that

this map mainly originated from the occipital regions (Figure 3).

4 | DISCUSSION

The present study aimed to determine if the practice of online poker
impacted gambler's decision-making ability in the virtual environment,
as well as their neural activity. We hypothesized that, due to their pre-
vious training with virtual card games, OPGs would show a greater
ability to make advantageous choices than NGs. Contrary to our
hypothesis, the OPG group did not show better performance but

FIGURE 2 Results of segmentation
after a win and a loss in the non-gambler
and online poker gambler groups
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MAP 4 MAP 6

FIGURE 3 Topography and source localization of time window
4 (map 4) and time window 6 (map 6). Left: topography (top) and
source localization (bottom) of map 4. Right: topography (top) and
source localization (bottom) of map 6

showed an even worse performance than the NG group from the sev-
enth block of the IGT. ERP analysis identified a supplementary pro-
cess in the NG group compared with the OPG group. We observed in
the segmentation analysis that the NG group exhibited an added pro-
cess in late processing information that could be related to the
absence of environmental habituation in this group. Indeed, the fact
that the NG group was not familiar with virtual card games could
explain why they had supplementary processing of information
because this brain region handles environmental information. How-
ever, we observed that, in our OPG group, some gamblers had a risk
of developing a GD, as determined by the CPGI, which could explain
why they showed worse performance.

4.1 | Behavioural interpretation: the IGT

Behavioural analysis revealed that the NG group learned and adopted
the favourable strategy faster than the OPG group. Indeed, the differ-
ence in the net score for the NG group appeared between the first
block and the last five blocks, whereas the difference appeared later
for the OPG group (between the first three blocks and the last three).
These results contradict our hypothesis, which stipulated that better
decision-making performance in the virtual environment of the OPG
group would be witnessed. However, psychometric data showed that
our OPG group was not exactly comparable to the NG group. Indeed,
the OPG group showed a higher level of addictive risk. In addition,
while our OPG group was not recruited from the addiction service but
through communication and advertising in the local Besancon-based
press, we observed that some participants had a CPGlI score that indi-

cated risky gambling behaviour. The OPG group had an average score
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in the CPGI of 3.14 (3.12) and a median of 2, with a score higher than
3 suggesting at-risk gambling behaviour and higher than 8 identifying
excessive gambling.3¢ Thus, the range of participants with a maximum
score of 10 indicates that some subjects should have at least one risky
gambling behaviour. The heterogeneity in our OPG group in terms of
addictive risk could influence performance on the IGT, which is known
to be lower for people with GDs.3”~2? Furthermore, in the OPG group,
we observed a negative correlation between IGT performance on the
last blocks (conceptual phase) and CPGI scores. From this observation,
we can hypothesize that our OPG group has lower IGT performance
because it lacks homogeneity.

4.2 | Segmentation analysis and source localization
Independently of the IGT performance, both of our groups showed
early outcome processing, with an ERP production by the brain for
the win condition produced around 150-175 ms after the receipt of
the reward. This finding was confirmed by microstate analysis in
which the number of TFs, GEV and both the maximum and mean of
the GFP were significantly higher for a loss than for a win. The mean
GEV, which reflects the stability of the map, is in accordance with
conventional ERP results showing brain responses in this time period
that indicate the early processing of outcomes on the basis of a binary
classification of ‘good’ or ‘bad’.** Source localization in this time
window revealed that the topography originated from the temporal
inferior and parietal regions. This is different from the FRN, a
response associated with the prediction error signal triggered by
phasic dopaminergic signals that is conveyed to the anterior cingulate
cortex to adjust behaviour.2>*° In our situation, the map originating
between 150 and 175 ms was generated by the temporal lobe, previ-
ously identified as playing a leading role in the learning of visual mate-
rial, which, given the visual nature of our task, appears coherent.*° In
addition, parietal activity is associated with working memory** and
attention ability.*? This could translate into a higher mobilization of
attention processing and working memory induced by the instruction
to not react immediately but after a few seconds.

One other topographic map was specific to the NG group and
was observed between 215 and 295 ms after the outcome. This time
window indicates additional neuronal activity in this group compared
with the OPG group. In addition, source localization revealed that the
occipital regions generated this activity. This TF typically corresponds
to the beginning period of the P300,%8 an ERP implicated in result pro-
cessing.'® There is considerable literature concerning the P300, and it
can be generated in various situations, such as for attention, working
memory and conscious awareness.*>® In particular, it has been sug-
gested that the P300 could correlate with conscious perception®®
and, along these lines, the occipital origin reflects visual awareness.**
This cognitive sense particularly attracts our attention in the context
of a single visual virtual task to which one group was not accustomed.
Indeed, our NG group was naturally not familiar with virtual card
games, which would naturally mobilize visual attention and awareness.

We hypothesize that the absence of this time window in the OPG
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group reflects a lower level of visual awareness caused by their habit-
uation to the virtual environment.

Brain activity measurements allow us to understand the impact of
online poker activity on decision-making behaviour. To reach firm
conclusions, we need to continue the analyses by deriving two groups
of players according to their CPGI score: a low-risk group and a high-
risk group. Indeed, we have seen that our OPG group was not homo-
geneous in terms of GD risk (with some participants having a CPGl
score >3). In addition, it will be necessary to clarify whether the addi-
tional time window observed in the NG group is due to a reduced
virtual exposure to poker or more globally to virtual environments.
Indeed, the significantly higher DAS score suggests that our OPG
group was more exposed to the virtual environment, which is indica-
tive of video game habits. At this point, it will be interesting to
continue this research by comparing the OPGs with offline poker

gamblers.

43 | Limits

This study has several limitations, some of which concern the signifi-
cantly older OPG group, with a higher proportion of lifestyle habits
that could lead to a use disorder, such as video games, alcohol con-
sumption or smoking, as suggested by the psychometric test (AUDIT,
Fagerstrom and DAS). These data confirm that adopting behaviours at
risk of addiction constitutes in itself a risk of manifesting another
addiction. In the future, it would be interesting to continue the inves-
tigations by considering the time spent on the screen in general, and
more specifically, on videogames to confirm that the differences
observed are not due to this exposure. In addition, psychometric test
revealed that groups showed some differences considering the
hedonic perception. In our study, using the CAS-P, we found higher
physical anhedonia in the OPG group than in the NG group. In addi-
tion, we observed a higher score in the BAS-D (Drive) in our OPG
group. At this stage of our reflection, we can assume that the hedonic
deficit in daily life associated with a compensatory higher level of
motivation (BAS-D) could be joint elements motivating gambling
activity.*>*¢ Moreover, these two joint elements can induce altered

decision-making.

44 | Conclusion

NGs, who performed better in the IGT, showed additional neural
activity indicating greater awareness of visual perception. We hypoth-
esize that the absence of this activity in the OPG group might be due
to their online habituation, without being able to state that this neural
activity was not present before exposure. To definitively clarify the
role of online support on neural activity, future studies should
compare OPGs to offline poker gamblers and to video gamers. Future
research should clarify the impact of screens on decision-making

before continuing on populations with screen-mediated addiction.
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