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BRIEF REPORT

'i) ABSTRACT

Check for Background and aims: People with Gambling Disorder (GD) often make risky decisions and experience

updates cognitive distortions about gambling. Moreover, people with GD have been shown to be overly
confident in their decisions, especially when money can be won. Here we investigated if and how the act
of making a risky choice with varying monetary stakes impacts confidence differently in patients with
GD (n = 27) relative to healthy controls (HCs) (n = 30). Methods: We used data from our previous
mixed-gamble study, in which participants were given the choice of a certain option or a 50/50 gamble
with potential gains or losses, after which they rated their confidence. Results: While HCs were more
confident when making certain than risky choices, GD patients were specifically more confident when
making risky choices than certain choices. Notably, relative to HCs, confidence of patients with GD
decreased more strongly with higher gain values when making a certain choice, suggesting a stronger
fear of missing out or “anticipated regret” of missing out on potential gains when rejecting the risky
choice. Discussion: The current findings highlight the potential relevance of confidence and “regret” as
cognitive mechanisms feeding into excessive risk-taking as seen in GD. Moreover, this study adds to the
limited previous work investigating how confidence is affected in value-based risky contexts.
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INTRODUCTION

Gambling involves taking risks, typically with a high probability of loss against a smaller
probability of gain. While for most people gambling is a leisure activity, for some people it
develops into a gambling disorder (GD), described as the continuation or escalation of
gambling despite the occurrence of negative consequences (American Psychiatric Associa-
tion, 2013). It is often hard to grasp why people continue to show irrational gambling
behavior when it is clear that, in the long term, “the house always wins”.

Research on risk taking and gambling-related cognition finds that people with GD make
more risky decisions (Brand et al., 2005; Brevers et al., 2012; Ligneul, Sescousse, Barbalat,
Domenech, & Dreher, 2013; Ochoa et al., 2013; Spurrier & Blaszczynski, 2014), are less loss
averse (Gelskov, Madsen, Ramsey, & Siebner, 2016; Giorgetta et al.,, 2014; Hoven, Hirmas,
Engelmann, & van Holst, 2023) and exhibit higher levels of cognitive distortions about
gambling than people without GD (Joukhador, Maccallum, & Blaszczynski, 2003; Ledger-
wood et al., 2020). Cognitive distortions about gambling often involve cognitions that

minimalize the perceived risk of gambling and encourage gambling (Goodie & Fortune,
’j Journals 2013) (i.e., “the illusion of control” (Langer, 1975)). Moreover, people with GD have been

*Corresponding author.
E-mail: r.j.vanholst@amsterdamumc.nl

t to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 02/26/24 10:09 AM UTC


https://orcid.org/0000-0002-0900-8565
https://orcid.org/0000-0002-4213-3958
https://orcid.org/0000-0001-6493-8792
https://orcid.org/0000-0002-1184-9355
https://doi.org/10.1556/2006.2023.00041
mailto:r.j.vanholst@amsterdamumc.nl

Journal of Behavioral Addictions 12 (2023) 3, 840-846

841

shown to be overly confident in their decisions (Brevers
et al,, 2013, 2014; Goodie, 2005; Lakey, Goodie, & Campbell,
2007), especially when money can be won (Hoven et al.,
2022). We recently replicated our findings using a mixed-
gamble task showing that relative to controls, patients with
GD gambled more, and that increasing amounts of potential
gains increased confidence more strongly in patients than in
controls (Hoven et al., 2023). Since accurate confidence is
important for monitoring errors (Boldt & Yeung, 2015;
Yeung & Summerfield, 2012), learning (Meyniel, Schluneg-
ger, & Dehaene, 2015) and planning subsequent actions
(Desender, Boldt, & Yeung, 2018), having too much confi-
dence in one’s choices could contribute to risky decision-
making (Hoven et al., 2022). While it has become clear that
contextual cues, such as monetary incentives, can bias
confidence, little is known about how the presence of risk
and the act of making a risky choice impacts confidence and
whether this interacts with incentive value.

One prior study conducted in healthy subjects investi-
gated the impact of risky choices on confidence judgments
(da Silva Castanheira, Fleming, & Otto, 2021). Their results
indicated that confidence was significantly higher when
selecting a certain prospect compared with a risky one - an
intuitive finding that reflects the decision-makers feeling of
uncertainty that comes with making a risky choice. Since
there are little to no other studies that have investigated this
in GD, it remains unknown whether risky choices and
monetary incentives affect confidence of people with GD in
the same way as healthy controls (HCs).

Based on previous findings (Brevers et al, 2013, 2014;
Goodie, 2005; Lakey et al., 2007), we hypothesized that first,
patients with GD relative to HCs are generally more confident
in their choices made during an experiment where incentives
can be won. Secondly, while HCs are relatively more confi-
dent in certain versus risky choices, patients with GD are
relatively more confident in risky versus certain choices
because of their experience with gambling. Finally, we hy-
pothesized that confidence judgments of patients with GD
compared to HCs are more sensitive to increases in potential
gains, in line with the suggestion that gamblers might be more
overconfident with greater potential gains (Hoven et al., 2022)
such that increasing gain value increases (/decreases) confi-
dence more strongly when making a risky (/certain) choice.
We tested these hypotheses by utilizing data from our pre-
vious mixed-gamble study (Hoven et al., 2023).

METHODS

Participants

As the current study used data from our previous mixed-
gamble study (Hoven et al, 2023), the description of the
participants are the same as in our previous paper. 27 patients
with GD and 30 HCs were included, matched on age, sex and
education, recruited online and via patient clinics in the
Netherlands. All patients with GD had been in treatment and
gambled regularly within the previous year and were

diagnosed by a certified medical professional for gambling
disorder using the DSM-5 criteria. All subjects did not
currently or in the previous 6 months suffer from any psy-
chiatric disorder (except for gambling disorder for the GD
group), and did not use medication.

Experimental task and procedure

All subjects performed a mixed-gamble task including 160
trials (Fig. 1A). Gambles were presented with an equal
(50/50) chance of either gaining or losing a specific value and
subjects chose between two options: rejecting (certain op-
tion) or accepting (risky option) the gamble. The certain
option entailed opting for the initial endowment of €25
without the possibility of bonuses. The risky option entailed
potentially gaining or losing additional bonuses as presented
by the gamble. After each choice, feedback indicated the
chosen option (but no feedback about wins and losses was
provided until the end of the experiment to prevent learning)
and subjects were asked to rate their confidence on a 7-point
scale. Each combination of gains and losses was shown twice
for counterbalancing, and gains or losses never appeared on
the same side for more than three times in a row. All subjects
performed a training session. For more details see Fig. 1A
and (Hoven et al,, 2023). The same exclusion criteria as in
our previous study (Hoven et al., 2023) were applied, leading
to a final sample of 26 patients GD and 29 HCs.

Analyses

For all analyses we used R (version 1.4.1106) with the
packages emmeans (Lenth Russel & Love Jonathon, 2017),
Ime4 (Bates, Michler, Bolker, & Walker, 2015) and ImerTest
(Kuznetsova, Brockhoff, & Christensen, 2017). Age, sex,
education level, gambling severity and percentage gambling
choices were compared between groups using two-sample ¢-
tests or chi-square tests.

To test for group differences in the effects of choice type,
value and their interaction on confidence, we fit two mixed-
effects models on our trial-by-trial data. In the first model,
the effects of choice, group and expected value (0.5"loss
value + 0.5"gain value), and their three-way interaction on
confidence were investigated. Moreover, a covariate of the
log of the reaction time (logRT, due to skewness), random
intercepts and random slopes of EV and choice were
included. In the second model, instead of using expected
value, we investigated the separate effects of gain and loss
value and their interactions with choice and group (choic-
e*gain“group and choice*loss*group) on confidence. In both
models, LogRT, EV, gain and loss values were z-scored and
an effects coding scheme was used for the categorical group
and choice variables. Post-hoc tests were performed to
quantify significant interactions.

Ethics

The experiment was conducted in accordance with the
Declaration of Helsinki and was approved by the Ethics
Board of the University of Amsterdam.
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Fig. 1. Mixed gambles task and results. (A) At the beginning of each trial a fixation cross was shown, jittered between 300 and 1,100 ms. Then the gamble was shown (i.e., gain and loss value
stimuli; left stimulus centered on 480 X 540, right stimulus centered on 1,440 X 540) for the duration of the decision with a maximum of 6,000 ms. Subjects were asked to accept or reject the
gamble using the up or down key, respectively, after which a brief feedback message was shown indicating and confirming their choice (1,000 ms. L = lottery (risky) option, X = certain option,
‘Respond Faster’ = if failed to respond within 6,000 ms). After each choice participants rated their confidence on a scale from 1 (not sure) to 7 (very sure) (unlimited time). Subjects did not
receive any feedback about the outcome of their choices (win or loss outcomes) until after completion of the experiment to avoid history and learning effects. (B) The significant interaction
effect between choice type and group shows that the GD group were more confident when making risky choices, while the HC group were more confident when making certain choices. Large
dots and error bars signify means and standard errors, smaller dots represent individual subject data points (Table 1A). (C) A significant three-way interaction between expected value, choice
type and group shows that increasing expected value of the gamble has a stronger negative effect on confidence in the GD group when making certain choices (Table 1A). (D) A significant three-
way interaction between gain value, choice type and group shows that increasing gain value has a stronger negative effect on confidence in the GD group when making certain choices (see
Table 1B). Yellow color indicates GD, grey color indicates HC
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RESULTS

No group differences were found in age (GD: 37.4 + 12.1;
HC: 34.8 + 8.61; t> = 0.92, p = 0.36), sex (GD: 21 males,
5 females; HC: 23 males, 6 females; X2 = 2.8*107>", p = 1)
or education level (GD: 3.08 + 0.89; HC: 3.31 + 1.17;
t>> = 0.83, p = 0.41). Problem Gambling severity index
(PGSI (Ferris, Wynne, & Wrynne, 2001)) scores were
significantly higher in patients with GD (15.3 + 3.94) than in
HCs (0) (Welch’s t** = —19.87, p <0.001). Patients with GD
scored 59.3 + 23.2 on the Gamblers Beliefs Questionnaire
(GBQ; Steenbergh, Meyers, May, & Whelan, 2002), a self-
report measure of gamblers’ cognitive distortions, where a
higher score indicates more cognitive distortions. In general,
patients with GD made more risky choices (60.7% + 4.22%)
than HCs (42.7% =+ 3.81%) (ts; = 3.175, p = 0.002), and
previous work using this dataset indicated less loss aversion
in patients with GD compared to HCs (Hoven et al., 2023).

The first mixed-effects model showed a significant main
effect of reaction time on confidence, indicating increased
confidence for choices with faster reaction times (Table 1A).
A significant interaction between choice and group showed
that GD patients were more confident in risky than
certain choices (post-hoc: Z = 2.781, p = 0.005), and a
trend effect for the opposite pattern for HCs (post-hoc:
Z-ratio = —1.772, p = 0.076) (Fig. 1B). The significant

interaction between choice and EV indicated that confidence
increased with increasing EV for risky choices (slope =
0.583), but decreased for certain choices (slope = —0.587).
The significant three-way interaction between choice, EV
and group indicated that GD patients, compared to HC,
showed even lower confidence rates when rejecting high EV
gambles (Fig. 1C). Post-hoc analyses confirmed that the
negative effect of EV on confidence when making a certain
choice was stronger in GD (slope: —0.734) than in HC
(slope —0.439; Z = —3.573, p < 0.001).

Model 2 (Table 1B) separated the effects of gain and
loss value, which were orthogonalized, allowing us to inspect
whether the interaction effects observed in model 1 are driven
by either gain or loss values. We find a similar three-way
interaction effect between choice, gain value and group
(Fig. 1D), but not with loss value. Indeed, confidence of the
GD group declined more strongly with increasing gain value
when choosing the certain option, relative to HCs (GD slope:-
0.513, HC slope:-0.276, post-hoc Z = —3.628 p < 0.001).
Moreover, a significant interaction between loss value and
choice indicated that with increasing loss value, all subjects
became more confident when they chose the certain option
(slope: 0.448), but became less confident when they chose the
risky option (slope: —0.438). A significant interaction be-
tween loss value and group showed that the GD group was
less sensitive to loss value (slope: 0.08) than the HC group

Table 1. Results of mixed-effects models on confidence. Shown are the estimates, their standard errors (SE), t-values and p-values. Loss
values were entered as absolute values for easier interpretation. The value of the choice options were modeled as expected value in model 1
and, separately as (experimentally orthogonalized) gain and loss value in model 2

Model 1: expected value

A)

Parameter Estimate (SE) t-value p value
Intercept 5.00 (0.09) 58.49 <0.001
Choice (Certain Option) —0.05 (0.06) —0.81 0.419
Group (GD) —0.03 (0.09) —0.40 0.687
Expected Value —0.001 (0.04) —0.05 0.960
Reaction Time —0.37 (0.01) —25.86 <0.001
Choice (Certain Option) X Group (GD) —0.21 (0.06) —3.24 0.002
Choice (Certain Option) X Expected Value —0.58 (0.02) —32.62 <0.001
Group (GD) X Expected Value —0.10 (0.04) —2.70 0.009
Choice (Certain Option) X Group (GD) X Expected Value —0.05 (0.02) —2.80 0.005

AIC: 24001.46 R*: 0.506 # observations: 8,295 trials (of 55 subjects)
B)

Parameter

Intercept

Choice (Certain Option)

Group (GD)

Gain Value

Loss Value

Reaction Time

Choice (Certain Option) X Group (GD)

Choice (Certain Option) X Gain Value

Group (GD) X Gain Value

Choice (Certain Option) X Loss Value

Group (GD) X Loss Value

Choice (Certain Option) X Group (GD) X Gain Value

Choice (Certain Option) X Group (GD) X Loss Value

AIC: 23912.11 R* 0.514 # observations: 8,295 trials (of 55 subjects)

Model 2: gain and loss value

Estimate (SE) t-value p value
4.99 (0.08) 58.81 <0.001
—0.04 (0.06) —0.69 0.491
—0.02 (0.08) —0.29 0.774
0.01 (0.03) 0.19 0.849
0.01 (0.03) 0.17 0.862
—0.36 (0.01) —25.65 <0.001
—0.21 (0.06) —3.20 0.002
—0.40 (0.02) —25.62 <0.001
—0.06 (0.03) —2.19 0.033
0.44 (0.01) 29.65 <0.001
0.08 (0.03) 2.57 0.013
—0.06 (0.02) —3.72 <0.001
—0.001 (0.01) —0.04 0.972
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(slope: —0.07) in terms of decreasing their confidence. Finally,
neither PGSI nor GBQ score within the GD group correlated
significantly with mean confidence (both p > 0.25) or confi-
dence for risky choices (both p > 0.5).

As a sensitivity analyses to verify whether fatigue or time
on task affected our results, we included trial number as a
covariate and also tested for the trial*group interactions in
the two described models. The results indicated no signifi-
cant effect of trial number nor trail*group interactions on
any of the results. Moreover, including this variable did not
change any of our previously reported results.

DISCUSSION

Why do patients with GD continue to gamble regardless of
all the negative consequences? One answer may lie in
overconfidence in their actions, specifically when risk and
monetary incentives are involved. This study investigated
how making a risky choice with varying monetary stakes
impacts confidence and whether patients with GD are
affected differently than HCs.

There was some evidence for our first hypothesis of
general increased confidence in GD compared with HCs.
There was convincing support for our second hypothesis:
relative to HCs (who have higher confidence when making
a certain versus risky choice), patients with GD are more
confident when making risky choices than certain choices.
Notably, relative to HCs, confidence of patients with GD
decreased more strongly with higher gain values when
making a certain choice. Hence, these findings also partly
support our third hypothesis of increased sensitivity to
gain values in GD patients and point to our measure of
confidence capturing a stronger fear of missing out or
“anticipated regret” of missing out on potential gains when
rejecting gambles.

This fear of missing out on potential gains is recognized
in the clinical presentation of GD (Ladouceur, 2004) and
may be reflected in the higher willingness to gamble. Pa-
tients often describe that their only solution to solving their
financial problems is taking excessive risks in the hope of
obtaining high gains. Indeed, research has shown that
scarcity creates “bandwidth taxes” that reduce mental re-
sources, impairing cognitive ability and causing counter-
productive behavior, such as risk-taking (Liang, Ye, & Liu,
2021), which perpetuates poverty (Haushofer & Fehr, 2014;
Ong, Theseira, & Ng, 2019). In the current study, as ex-
pected, more patients with GD (n = 18) experienced debts
than HCs (n = 5). In that light, this stronger fear of missing
out on potential gains may not only speak to patients with
GD but also to people who experience financial debts. The
lower confidence when selecting the certain option found in
the GD group aligns well with recent findings by Wu,
Kennedy, Goshko, and Clark (2021). They computationally
assessed an anticipatory regret parameter that captured the
difference between the worst outcome in one gamble versus
the best outcome in the other gamble and found that people
with GD experience increased anticipatory regret relative to

controls. While our findings and those of Wu et al. (2021)
should be considered preliminary, they highlight the rele-
vance of regret and confidence as cognitive mechanisms in
disordered gambling. Future studies on this topic are needed
and can draw on extensive mathematical and experimental
methods developed by behavioral economics.

The current study adds to the limited previous work
investigating how confidence is affected in value-based
risky contexts. da Silva Castanheira et al. (2021) found that
healthy people are more confident when selecting certain
options. Moreover, consistent with previous findings (De
Martino, Fleming, Garrett, & Dolan, 2012; Folke, Jacobsen,
Fleming, & De Martino, 2017), in the absence of risk,
higher subjective values and faster RTs were associated
with higher confidence ratings (da Silva Castanheira et al,,
2021). We replicated these findings in our HCs and
observed the weakening of these well-documented relations
with risky decisions relative to certain decisions (see
Supplementary Materials). These findings fit the notion
that risky choices are accompanied by an inherent uncer-
tainty about the option’s value and that RTs are slower
under greater uncertainty (Lee & Daunizeau, 2019; Lee &
Hare, 2023).

Our results should be interpreted with some limitations
in mind. First, all included patients received treatment,
and the task’s relative unattractiveness and artificial nature
may have attenuated natural risk-taking behavior in our
patient sample. Future studies should assess whether the
current findings generalize to more realistic gambling sit-
uations and to untreated patients. Additionally, longitudi-
nal studies are needed to dissect whether alterations in
confidence under risk are a cause or consequence of GD.
Furthermore, the influence of financial debts on confidence
and anticipated regret needs to be established. Finally,
the current results were secondary to our previous work
(Hoven et al., 2023) and can be considered exploratory.
Nonetheless, these results provide an important initial
demonstration of how subjective confidence during risky
decision-making is differently affected in patients with GD
relative to HCs.

In sum, the current study points out that compared to
HCs, patients with GD are generally more confident when
taking risks versus playing it safe. Importantly, they become
less confident about playing it safe when the potential
winnings increase. This behavioral pattern matches antici-
patory regret of missing out on potential gains, which may
contribute to excessive risk-taking in GD patients.
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