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ABSTRACT

Aims To analyse problem gamblers’ decision-making under conditions of risk and ambiguity, investigate underlying
psychological factors associated with their choice behaviour and examine whether decision-making differed in strate-
gic (e.g. sports betting) and non-strategic (e.g. electronic gaming machine) problem gamblers. Design  Cross-sectional
study. Setting Out-patient treatment centres and university testing facilities in Victoria, Australia. Participants
Thirty-nine problem gamblers and 41 age, gender and estimated IQ-matched controls. Measurements Decision-
making tasks included the lowa Gambling Task (IGT) and a loss aversion task. The Prospect Valence Learning (PVL)
model was used to provide an explanation of cognitive, motivational and response style factors involved in IGT
performance. Findings Overall, problem gamblers performed more poorly than controls on both the IGT (P = 0.04)
and the loss aversion task (P =0.01), and their IGT decisions were associated with heightened attention to gains
(P =0.003) and less consistency (P = 0.002). Strategic problem gamblers did not differ from matched controls on either
decision-making task, but non-strategic problem gamblers performed worse on both the IGT (P = 0.006) and the loss
aversion task (P =0.02). Furthermore, we found differences in the PVL model parameters underlying strategic
and non-strategic problem gamblers’ choices on the IGT. Conclusions Problem gamblers demonstrated poor
decision-making under conditions of risk and ambiguity. Strategic (e.g. sports betting, poker) and non-strategic
(e.g. electronic gaming machines) problem gamblers differed in decision-making and the underlying psychological
processes associated with their decisions.
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INTRODUCTION

Problem gambling is being viewed increasingly as a
behavioural addiction and has been re-classified as an
addictive disorder in the Diagnostic and Statistical
Manual of Mental Disorders 5th edition (DSM-5) [1].
Decision-making is a critical cognitive process involved in
addictive disorders [2], and both substance abusers and
problem gamblers demonstrate decision-making impair-
ments. Like substance abuse, problem gambling may be,
in part, a decision-making disorder [3], and laboratory-
based decision-making studies are providing useful
insights into problem gambling.
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Decision-making studies have shown that problem
gamblers perform more poorly than controls under risk
and ambiguity. On the [owa Gambling Task (IGT), a com-
monly used decision-making task, problem gamblers
make significantly more disadvantageous choices and are
slower to learn from feedback than controls [4—6]. On
other decision-making tasks, problem gamblers are more
impulsive [7,8], overconfident [9] and take less time to
deliberate [4], and even when explicit risk information
is available choose risky and disadvantageous options
[10-12]. Problem gamblers also display poor knowl-
edge of probabilities, which is associated strongly with
gambling behaviour [13], and evidence suggests that
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decision-making under ambiguity, but not under risk, is
associated with increased problem gambling severity
[11].

Advances in decision-making research have allowed
for more precise and mechanistic investigations into cog-
nitive processes driving decision-making. For example,
our group has developed cognitive models (the Expect-
ance Valence Learning model [14] and the Prospect
Valence Learning (PVL) model [15]) that allow IGT per-
formance to be decomposed into constituent psychologi-
cal processes. These models have demonstrated different
combinations of cognitive, motivational and response
style factors in the decision-making of cocaine and
polysubstance abusers, Huntington’s disease and indi-
viduals with orbitofrontal brain lesions [16]. Cognitive
modelling has not been applied previously to problem
gamblers.

Another key factor involved in decision-making that
may be relevant to problem gambling is loss aversion.
Loss aversion refers to a phenomenon in which people
demonstrate greater sensitivity to losses than gains
during decision-making [17], and may result from an
asymmetry in affective responses in which negative and
positive stimuli are not equally weighted [18]. Loss aver-
sion is associated with emotional processing [19,20], and
the absence of loss aversion could reflect an inability to
integrate or differentially process affective information
[21]. Problem gamblers demonstrate altered neural
representations of losses [22,23] and emotional signal-
ling deficits during decision-making according to the
‘somatic marker hypothesis’ [24]. Therefore, investigat-
ing problem gamblers’ loss aversion may provide key
insights into their decision-making.

Decision-making alterations may relate differentially
to gambling type. Problem gambling is a heterogeneous
disorder [25-27], and many problem gamblers report a
specific gambling form as most problematic [28]. Com-
pared to problem gamblers who prefer strategic gambling
(e.g. sports betting, poker), problem gamblers who prefer
non-strategic gambling (e.g. electronic gaming machines:
EGMs) are more likely to be older and female [29], demon-
strate greater gambling severity [30] and have a faster
onset of problem gambling [31]. Furthermore, EGM
problem gamblers have displayed poorer IGT performance
and a more conservative approach on the Card Playing
Task than casino problem gamblers [4]. Importantly,
gender needs to be considered when subgrouping problem
gamblers based on preferred gambling form, as non-
strategic gamblers tend to be women and strategic gam-
blers tend to be men [29,32]. Past research suggests that
women perform more poorly on the IGT [33,34] and are
more sensitive to losses than men [35].

In this study, we investigated factors associated with
problem gamblers’ decision-making under conditions
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of risk and ambiguity, and examined differences in
decision-making between problem gambling subtypes.
Specifically, we applied a cognitive modelling procedure
to examine the cognitive, motivational and response
style processes underlying problem gamblers’ IGT per-
formances, and investigated problem gamblers’ sensitiv-
ity to losses on a loss aversion task. We hypothesized
that problem gamblers would perform more poorly than
controls on both the IGT and a loss aversion task. Addi-
tionally, we examined whether preferring strategic or
non-strategic gambling activities was associated differ-
entially with decision-making using gender-matched
controls. We hypothesized that non-strategic problem
gamblers would perform more poorly on both decision-
making tasks than their gender-matched controls, while
strategic problem gamblers might not differ from their
gender-matched controls.

METHOD
Participants and procedures

Thirty-nine problem gamblers were recruited through
Gamblers Help, an out-patient counselling service in
Victoria, Australia. Problem gamblers met diagnostic
criteria for problem gambling (>8) on the Problem Gam-
bling Severity Index (PGSI) from the Canadian Problem
Gambling Index [36]. In addition, 41 community
recruited controls were matched to the problem gam-
blers on age, gender and estimated IQ. IQ was estimated
using the National Adult Reading Test [37], a reliable
and valid measure of pre-morbid IQ [38—40]. We based
our sample size on past research [4] suggesting a large
difference (m?=0.12) between problem gamblers and
controls on the IGT, and the anticipated statistical power
of the study was 0.8. Exclusion criteria included age
over 65 years, previous head injury, neurological disor-
ders, psychosis/psychotic disorders and recent alcohol or
illicit drug use (previous 12 hours). Additional exclusion
criteria for controls included current or life-time mental
health disorders [measured by the Mini-International
Neuropsychiatric Interview (MINI) [41]], greater than
three on the PGSI, and gambling more than monthly.
The groups did not differ on age or estimated IQ;
however, controls reported higher years of education
(see Table 1). Problem gamblers scored higher on psy-
chological distress as measured by the Depression
Anxiety and Stress Scale (DASS) [42]; however, we
found no difference in alcohol use and related problems
on the Alcohol Use Disorders Identification Test [43].
Due to the high prevalence of comorbid disorders in
problem gambling [44], problem gamblers with comor-
bidities were included in our sample (Table 1).
Participants were allocated into strategic and non-
strategic gambling forms based on Grant and colleagues’
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Table 1 Means and standard deviations (in parentheses) for demographic and clinical data.

PGs Control
n=39 n=41 Test statistic

Gender (M/F) 19/20 21/20
Age (years) 46.64 (9.46) 44.34 (11.43) ti77=-0.98, NS
Years of education 12.88(2.09) 14.76 (2.28) tzs)=3.82, P<0.001
Estimated I1Q (NART) 103.54 (6.99) 106.87 (9.44) tizs)=1.81, NS
Gambling severity (PGSI) 18.31 (4.79) 0.27 (0.71) taoy=-23.27, P<0.001
Self-reported years of PG 14.92 (9.61)
DASS—depression 15.59 (12.42) 3.41 (3.56) tas) =—5.90, P < 0.001
DASS—anxiety 11.85(11.35) 1.37 (1.86) tao) =—5.83, P<0.001
DASS—stress 17.90 (11.71) 5.66 (4.19) tar =-6.16, P <0.001
DASS—total 45.95(33.91) 10.44 (7.73) taz =—6.39, P<0.001
AUDIT total 5.32(6.16) 4.56 (4.21) tes)=—0.63, NS
DSM-IV comorbid disorders

Major depressive episode 8(20.5%)

Major depressive disorder 10 (25.6%)

Dysthymia 7 (17.9%)

Hypomanic episode—past 3(7.7%)

Manic episode—past 5(12.8%)

Panic disorder 3(7.7%)

Panic disorder life-time 10 (25.6%)

Agoraphobia 3(7.7%)

Social phobia 1(2.6%)

Post-traumatic stress disorder 1(2.6%)

Alcohol dependence 2(5.1%)

Alcohol abuse 1(2.6%)

Substance dependence 3 (7.7%)

Substance abuse (2.6%)

Generalized anxiety disorder (5.1%)

Antisocial personality disorder—Tlife-time 4 (10.3%)

Any comorbid disorder 30 (76.9%)

All scores are mean (standard deviation) unless otherwise indicated. All comorbid disorders are current unless stated otherwise. Group demographics
and clinical variables were compared using two-tailed independent t-tests and corrected for multiple comparisons using Bonferroni'’s correction method.
PGs = problem gamblers; M = male, F = female; NART = National Adult Reading Test; PGSI = Problem Gambling Severity Index; DASS = Depression,
Anxiety and Stress Scale; AUDIT = Alcohol Use Disorders Identification Test; NS = not significant.

[30] criteria for most problematic gambling form. Strate-
gic gambling included games where skill or knowledge
may have some impact on the outcome (e.g. poker, sports
betting, horse/dog races), while non-strategic gambling
included games of chance that involve little or no skill
(e.g. EGMs, bingo) [30]. No problem gamblers reported
equal preference for both forms. A large gender difference
was present in the gambling subtypes, with only male
strategic problem gamblers (n=15) and more female
non-strategic problem gamblers (n=24). As the gam-
bling subtypes differed on more than one attribute
(gender and gambling form), we compared the gambling
subtypes to age, gender and estimated IQ-matched
control groups. Strategic and non-strategic problem gam-
blers did not differ on age, education, estimated IQ, psy-
chological distress or alcohol use (Table 2). However,
non-strategic problem gamblers reported greater gam-
bling severity and fewer years of problem gambling than
strategic problem gamblers.
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Participants provided signed informed consent and
the study protocol was approved by the Monash Univer-
sity Human Research Ethics Committee and the Depart-
ment of Justice (Victoria) Research Ethics Committee.
Participants were tested individually in a quiet room as
part of a larger study with the order of tasks fixed. Par-
ticipants were reimbursed with a gift voucher to a local
department store.

Measures
Towa Gambling Task (IGT)

We used a computerized IGT based on Bechara et al. [45].
Participants were presented with four card decks and
instructed to accumulate as much (play) money as possi-
ble by choosing cards from the decks. Decks differed in
payoffs and penalties. Selections from decks A and B
yielded $100 and decks C and D yielded $50, with
winnings often paired with a loss. Decks A and B were
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Table 2 Demographic and clinical data for problem gamblers based on preferred gambling form.

Strategic PGs Non-strategic PGs Test statistic
n=15 n=24

Gender (M/F) 15/0 4/19
Age 44.33 (8.12) 48.08 (10.10) 7=-1.21, NS
Years of education 12.67 (2.61) 13.02 (1.75) t37=—-0.51, NS
Estimated 1Q (NART) 102.13 (8.68) 104.42 (5.72) =-0.99, NS
Gambling severity (PGSI) 15.40 (4.75) 20.13 (3.90) tm) =-3.38,P<0.01
Self-reported years of PG 20.73 (11.95) 11.29 (5.48) 5 =2.88,P<0.01
DASS—depression 12.93(12.98) 17.25(12.04) t37=—1.06, NS
DASS—anxiety 10.53 (11.48) 12.67 (11.43) t37=-0.57, NS
DASS—stress 14.67 (12.46) 19.92 (10.99) ts7=-1.38,NS
DASS—total 38.13 (34.61) 51.22(33.94) n=-1.14, NS
AUDIT Ttotal 5.67 (6.51) 5.09 (6.06) 7 =0.28, NS
DSM-IV comorbid disorders

Major depressive episode 4 (26.7%) 4 (16.7%)

Major depressive disorder 3 (20.0%) 7 (29.2%)

Dysthymia 0 7(29.2%)

Hypomanic episode—past 1(6.7%) 2 (8.3%)

Manic episode—past 1(6.7%) 4 (16.7%)

Panic disorder 1(6.7%) 2 (8.3%)

Panic disorder life-time 4(26.7%) 6 (25.0%)

Agoraphobia 1(6.7%) 2(8.7%)

Social phobia 1(6.7%) 0

Post-traumatic stress disorder 0 (4.3%)

Alcohol dependence 0 2 (8.3%)

Alcohol abuse 1(6.7%)

Substance dependence 1(6.7%) 2 (8.3%)

Substance abuse 1(6.7%) 0

Generalized anxiety disorder 0 2 (8.7%)

Antisocial personality disorder—life-time 1(6.7%) 3(13%)

Any comorbid disorder 9 (60.0%) 21 (87.5%)

All scores are mean (standard deviation) unless otherwise indicated. Group demographics and clinical variables were compared using two-tailed
independent t-tests and corrected for multiple comparisons using Bonferroni’s correction method. PGs = problem gamblers; strategic PGs = sports-
betting (n = 12) and casino games (n = 3); non-strategic = EGMs (n = 24); M = male, F = female; NART = National Adult Reading Test; PGSI = Problem
Gambling Severity Index; DASS = Depression, Anxiety and Stress Scale; AUDIT = Alcohol Use Disorders Identification Test; NS = not significant.

disadvantageous because the occasional losses ($150—
$1250) resulted in losing $250 per 10 cards. Decks C and
D were advantageous because the occasional losses
($25-$250) resulted in a net gain of $250 per 10 cards.
The deck positions were assigned randomly and all par-
ticipants began with $2000. The task consisted of 150
trials in 6 blocks of 25 trials, with feedback (net win/loss)
provided after each block. Instructions were based on
Bechara et al. [46]. Task performance was measured by
the net score [advantageous choices (C + D) minus disad-
vantageous choices (A + B)] in each block.

PVL model for decomposing IGT performance [15]

The PVL model was used to disentangle underlying psy-
chological processes involved in IGT performance (see
Supporting information, Appendix S1). The PVL model
yields four free parameters: utility shape, loss aversion,
recency/learning and consistency. The utility shape
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parameter measures the attention given to the magni-
tude of gains. The loss aversion parameter indicates
sensitivity to losses. The recency/learning parameter
indicates attention given to past experiences with a deck
versus attention given to the most recent deck selection.
Lastly, the consistency parameter measures how consist-
ent the decision-makers’ selections are with their
expected value. For example, chronic cannabis users’ IGT
choices are associated with less sensitivity to losses, more
sensitivity to increases in gains, more attention to recent
outcomes and less consistency [47], whereas patients
with Huntington’s disease display more attention to
recent outcomes and greater attention to gains during
IGT choices [14].

Loss aversion task

The loss aversion task was based on the De Martino et al.
[48] task and administered using E-Prime (version 2.0).
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Table 3 Mean and standard deviations (SD) (in parentheses) of the model parameters for the Prospect Valence Learning (PVL) model

and the Bayesian information criterion (BIC) scores.

PGs Control
Mean (SD) Mean (SD) Test statistic
Overall sample
Utility shape* 0.32(0.13) 0.25(0.12) Fu77=9.44,P=0.003,1°=0.11
Loss aversion 0.86 (0.68) 0.75 (0.51) Fa77=0.66, NS
Recency/learning 0.65 (0.24) 0.66 (0.24) Fq77=0.25,NS
Consistency™* 0.18 (0.07) 0.29 (0.16) Fu.77=9.80, P=0.002, n?=0.11
BIC 17.02 (24.21) 22.67 (27.90) -
Strategic groups
Utility shape™* 0.45(0.17) 0.23 (0.14) Fa29 =16.02, P =0.0004, n*=0.36
Loss aversion** 1.01 (0.54) 0.37(0.15) Fuae=11.09, P =0.002, 1% =0.28
Recency/learning 0.75(0.27) 0.71 (0.18) F.29=0.23, NS
Consistency™* 0.13 (0.05) 0.32(0.16) Fi129=16.48, P =0.0003,1?=0.36
BIC 14.01 (22.76) 20.58 (33.36) -
Non-strategic groups
Utility shape 0.23 (0.04) 0.23 (0.08) F, 45 =0.85,NS
Loss aversion™** 0.20(0.17) 1.01 (0.72) Faas =17.48, P =0.0001, n*=0.28
Recency/learning 0.55(0.22) 0.63 (0.28) F145=0.12,NS
Consistency 0.27 (0.16) 0.30(0.17) Fa45=0.01, NS
BIC 16.29 (27.53) 18.35 (24.40) -

Bayesian information criterion (BIC) scores were used to compare the PVL model to baseline statistical model with positive values indicating the PVL is
a better model. For the PVL model parameters, groups were compared using an independent-samples t-test. Overall sample: PG (n = 39) and age, gender
and estimated IQ-matched controls (n=41); strategic groups: strategic PG (n=15) and age, gender and estimated 1Q-matched controls (n=17);
non-strategic groups: non-strategic PGs (n = 24) and age, gender and estimated [Q-matched controls (n = 24). *P < 0.01; **P < 0.001. PGs = problem

gamblers.

Participants were instructed to accept or reject a series
of mixed gambles with an equal probability (50%) of
winning or losing a variable amount of money (e.g. win
$25 or lose $5). Gambles were presented as a coin toss,
and responses made by a key press. A five-trial practice-
run was conducted first, then a single block of 49 trials.
Wins ranged from $15 to $45 and losses ranged from $5
to $35, both in $5 increments. Because previous research
suggests that people are twice as sensitive to losses as
wins [18], the wins and losses were chosen to attempt to
elicit a wide range of responses. The win/loss combina-
tion of each trial was determined randomly. Participants
did not win or lose money based on performance;
however, they were instructed to evaluate each gamble
as if they would.

Gamble decision (yes or no) was recorded. Using the
methods from Tom et al. [49], we computed an estimate of
loss aversion (A) for each participant by fitting a logistic
regression to each participant’s gamble decisions with
the gain and loss as independent variables (see Support-
ing information, Appendix S1). This value indicates how
heavily participants weighed losses compared to gains
when deciding whether to accept a gamble.

Data analysis
The IGT was examined as six blocks of 25 trials. Research

suggests that choices made during the first two blocks
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involve trial and error while participants attempt to learn
the task [50]. Task performance then improves between
the first and third blocks [51], and the later portion of the
task indicates performance more clearly. Therefore, we
analysed the first two blocks separately (learning trials)
from the last four blocks (performance trials). To deter-
mine group and block effects, a repeated-measures analy-
sis of covariance (ANCOVA) was conducted with group
and gender as between-factors, block as within-factor
and net score as the dependent measure. As depres-
sion and anxiety disorders were the most common
comorbidities in our problem gamblers, we included the
DASS total as a covariate. Mahalanobis distance indicated
one multivariate outlier, which was excluded from analy-
sis. Group differences in the PVL model parameters were
analysed using a one-way ANCOVA with DASS total
as a covariate. For all group analyses, the PVL model
demonstrated a positive Bayesian information criterion,
indicating that the PVL model provided a better fit than a
baseline statistical model even after model complexity
was considered (Table 3).

For the loss aversion task, we were unable to calculate
loss aversion (A) for eight participants (five problem gam-
blers and three controls) because they did not accept any
gambles; thus these participants were excluded from
analyses. However, according to Fisher’s exact test, the
ratio of non-responders did not differ between groups
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(P =0.47). The remaining participants’ loss aversion (A)
was compared using a one-way ANCOVA with group and
gender as between-subject factors, and DASS total as a
covariate.

RESULTS
Performance on the IGT

Across the learning trials there was no difference between
problem gamblers and controls, with no main effect
of group, F(1,74) = 005, P= 082, blOCk, F(1,74. = 030,
P =0.59 and no group X block, F( 74y=0.44, P=0.51 or
group x gender interaction, F(174=0.74, P=0.39.
However, there was a main effect of gender, F; 74)=7.11,
P=0.009, n?=0.09, indicating that men performed
better on the learning trials than women. On the
performance trials, we found a main effect of group,
F(1,74) =441, P=0.04, 1’]2 =0.06 and gender, F(1.74) =
26.35, P=0.00002, n?=0.26, indicating that problem
gamblers performed worse than controls, and men per-
formed better than women. However, there was no
main effect of block, F374=0.57, P=0.64 and no
group X block, F74)=0.70, P =0.56 or group X gender
interaction, F(1,74y=0.79, P =0.39. Both problem gam-
blers and controls demonstrated learning across the IGT,
with more advantageous choices on the performance
trials compared to the learning trials, F( ;4= 7.44,
P=0.008, n°=0.09 (Fig. 1).

Using the PVL model we found that, compared to con-
trols, problem gamblers were more influenced by the
magnitude of the gains (higher utility shape), and their
choices were more random or erratic (lower consistency).
The groups did not differ on the recency/learning or loss
aversion parameters (Table 3).

Strategic problem gamblers did not differ from con-
trols on either the learning or performance trials of the
IGT (Fig. 2). Specifically, on the learning trials, there was

no main effect of group, F129)=0.33, P =0.57 or block,
F129)=0.63, P =0.43 and no group x block interaction,
Fi29=0.56, P=0.46. Similarly, on the performance
trials, there was no main effect of group, F.9) =
1.29, P=0.27 or block, F;.9=0.47, P=0.70 and
no group X block interaction, F(,9)=0.51, P=0.68.
However, both groups performed better on the perfor-
mance trials than the learning trials, F .9 =22.50,
P =0.00005, n° = 0.44. Despite no group differences, the
PVL model indicated differences in underlying decision-
making processes (Table 3). Strategic problem gamblers
exhibited greater sensitivity to the magnitude of gains
(higher utility shape), more sensitivity to losses (higher
loss aversion), and more erratic or random choices (lower
consistency) than controls. There was no difference on
the recency/learning parameter.

Non-strategic problem gamblers performed similarly
to controls on the learning trials, with no main effect of
group, F(1,42) = 118, P=0.28 or blOCk, F(1,42) = 068,
P =0.41; however, there was a main effect of gender,
Fi42=4.62, P=0.04, n°=0.09, indicating that men
performed better than women (Fig. 2). We also found
a group X block interaction, Fg42 =4.45, P=0.04,
177 =0.09, demonstrating that controls, but not problem
gamblers, improved on the learning trials. No
group X gender interaction was found, F( 42 =0.41,
P =0.53. On the performance trials, we found a main
effect of group, F(1.45 = 8.40, P =0.006, n°=0.17 and
gender, F(1.4= 6.21, P=0.02, n? = 0.13, indicating that
non-strategic problem gamblers performed worse than
controls, and men performed better than women.
However, there was no main effect of block, F; 4, =0.97,
P=0.41 and no group x block, F34=2.06, P=0.11
or group X gender interaction, F( 42 = 3.08, P =0.09.
In addition, controls, but not non-strategic problem gam-
blers, performed better on the performance trials than the
learning trials, F4=7.32, P=0.01, n°=0.15, indi-

14.00 1 u Control

12.00 - PG

10.00 -

8.00 -

6.00 -

Mean Net Score

4.00 ~

2.00 -+

0.00 -
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Figure 1 Overall group performances on
the lowa Gambling Task (IGT) represented
as mean net score per block. Error bars
represent standard error of the mean.
Problem gamblers (PGs) performed more
poorly than controls on the performance
trials (blocks 3—-6) with a significant group
effect. *P <0.05
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A. Strategic problem gamblers and matched controls
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B. Non-Strategic problem gamblers and matched controls
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Figure 2 Strategic and non-strategic problem gamblers (PGs) and their respective matched control groups performance on the lowa
Gambling Task (IGT) represented as mean net score per block. Error bars represent standard error of the mean. (a) Strategic PGs did not
differ from matched controls on the IGT. (b) Non-strategic PGs performed more poorly than their respective controls on the performance

trials (blocks 3—6) with a significant group effect. *P <0.05
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Mean Loss Aversion
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1
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Figure 3 Mean loss aversion (A) for 0.5 -
problem gamblers (PGs) compared to

representive matched control groups. Error 0
bars represent standard error of the mean.
*P<0.05

Control

cating that unlike the strategic problem gamblers, non-
strategic problem gamblers did not demonstrate learning
on the IGT. The PVL model indicated that non-strategic
problem gamblers demonstrated less sensitivity to losses
than controls (lower loss aversion, Table 3). Groups did
not differ on the recency/learning, consistency or utility
shape parameters.

Performance on the Loss Aversion task

Overall, problem gamblers [mean=1.85, standard
deviation (SD)=1.37] demonstrated less loss aversion
than controls (mean = 2.25, SD =1.22), F1,67 = 56.53,
P=0.01, n? =0.09 (Fig. 3). We also found a main effect
for gender, with women (mean = 2.52, SD = 1.49) dis-
playing higher loss aversion than men (mean =1.63,
SD=0.92), Fi67=8.08, P=0.01, n? = 0.10, highlight-
ing gender differences in decision-making, which are
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PG Control PG

Overall Sample

Control PG

Strategic subgroup Non-strategic subgroup

a key consideration for understanding the problem
gamblers subtypes. With regard to gambler subgroups,
strategic problem gamblers (mean =1.47, SD=0.66)
did not differ from controls (mean =1.63, SD =0.94),
Fu.7=0.19, P=0.89. In contrast, non-strategic
problem gamblers (mean = 2.08, SD =1.64) were less
loss averse than controls (mean =2.76, SD=1.20),
Fas9 =5.70, P=0.02, n*=0.13.

DISCUSSION

Overall, problem gamblers made more disadvantageous
choices on the IGT and displayed less sensitivity to losses
during the loss aversion task. Using cognitive modelling
for the first time with problem gamblers, we also showed
that problem gamblers’ IGT performance was under-
pinned by greater attention to the magnitude of gains
and less choice consistency than controls. Our findings
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that problem gamblers performed poorly on both
decision-making tasks is consistent with past research
using the IGT [4,6,52] and other risky decision-making
tasks [10-12], and highlights that particular decision-
making styles may underlie problem gambling. Further-
more, substance abusers perform similarly [53,54], and
display similar IGT cognitive modelling parameters
[47,54,55] to problem gamblers, further supporting the
concept of problem gambling as an addictive disorder.

A key feature of our study was the separate groups of
strategic and non-strategic problem gamblers, which
yielded novel insights into how problem gambling sub-
groups differ in decision processes. Strategic problem
gamblers performed as well as their controls on the IGT
but showed greater attention to gains, more sensitivity
to losses and less choice consistency. In contrast, non-
strategic problem gamblers performed worse than their
controls and showed less sensitivity to losses. Although
we did not directly compare the gambling subtypes, stra-
tegic problem gamblers appeared to perform better on
the IGT than non-strategic problem gamblers, suggest-
ing that strategic problem gamblers do indeed use strat-
egies during ambiguous
differences were observed in the loss aversion task, with

decision-making. Further

strategic problem gamblers performing similarly to their
controls whereas, consistent with the IGT results, non-
strategic problem gamblers were less loss averse than
their controls. Interestingly, on the loss aversion task,
strategic problem gamblers appear to be less loss averse
than non-strategic problem gamblers; however their IGT
choices were associated with more sensitivity to losses.
These findings suggest that strategic problem gamblers’
loss sensitivity may alter under conditions of risk and
ambiguity. Collectively, our findings indicate differing
underlying decision styles in strategic and non-strategic
problem gamblers. Heterogeneity among problem gam-
blers’ decision-making has also been shown in EGM and
casino problem gamblers [4]. Strategic gambling activi-
ties may include more analytical decision-making
processes [29], which may enable strategic problem
gamblers to learn the IGT better than non-strategic
problem gamblers.

As the strategic problem gamblers were all men and
the non-strategic problem gamblers were mainly women,
we took gender into account by using gender-matched
controls, thus making it possible highlight differences in
the gambling subtypes. However, considering our data
from the gender viewpoint, we found that men performed
better on the IGT and women demonstrated higher loss
aversion. These findings are consistent with research
showing that women require longer to learn the IGT
[33,34] and are more loss averse during risky gambles
than men [35], highlighting the importance of consider-
ing gender in decision-making research.

© 2014 Society for the Study of Addiction

Our cognitive modelling results showed that problem
gamblers demonstrated altered reward processing
during decision-making. Similarly, neuroimaging find-
ings suggest that problem gamblers have reduced
activation in reward regions (ventral striatum and
ventromedial prefrontal cortex) during monetary gains
[56] and while processing rewards and losses [23]. Our
results provide further evidence that aberrant reward
processing may be a key factor involved in problem gam-
blers’ decision-making, and further add that reward pro-
cessing appears to be altered differentially for gambling
subgroups. That is, strategic problem gamblers showed
altered gain and loss processing, while non-strategic
problem gamblers demonstrated less sensitivity only to
losses. However, our results cannot determine whether
altered reward processing is present prior to the develop-
ment of problem gambling or occurs as a consequence of
excessive gambling. Furthermore, we do not yet know
whether neuroimaging studies would confirm these cog-
nitive findings, in the form of differential brain activation
patterns.

Our findings that problem gamblers (regardless of
subtype) and controls demonstrated similar recency/
learning parameters indicates that IGT performance may
not be due to poor learning or memory. This is consistent
with findings that problem gamblers do not demonstrate
memory impairments [57] and working memory is unre-
lated to their IGT performance [11]. We also found that
the overall problem gambling sample, and strategic but
not non-strategic problem gamblers, demonstrated lower
choice consistency on the IGT. This parameter may relate
to impulsivity [47] and high self-reported impulsivity is
common in problem gamblers [58,59], which may be a
greater issue for strategic problem gamblers.

We note that our sample was treatment-seeking,
which limits generalization to problem gamblers who do
not seek treatment, many of whom recover naturally
[60]. Moreover, to enhance generalizability, we retained
comorbidities in our problem gambling sample and con-
trolled for depressive and anxiety symptoms in the analy-
sis. However, we note that common problem gambling
comorbidities (e.g. depression, anxiety, alcohol and sub-
stance use disorders) can be associated with poor
decision-making [54,61-63] and may have influenced
our results. Furthermore, as our controls were, in
essence, non-gamblers, our study did not compare non-
problem gamblers to problem gamblers to isolate specific
decision-making styles associated with problem gam-
bling in comparison to non-problem gambling. Future
research should include regular non-problem gamblers
as a comparison group.

In summary, our study is the first to use cognitive
modelling to understand problem gamblers’ decision-
making, and our findings provide a novel insight into

Addiction



differences between problem gambling subtypes. Strate-
gic problem gamblers decisions are influenced by both
gains and losses, and they tend to have an inconsistent,
possibly impulsive, choice style. In contrast, non-strategic
problem gamblers are less sensitive to losses and show
poor learning during decision-making. Our findings
highlight the presence of important cognitive differences
between problem gambling subtypes which require
further investigation.
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