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Abstract

Objective—Pathological gamblers display at the Iowa Gambling Task (IGT) a strong preference

for choices featuring high immediate rewards, but higher unpredictable and more delayed losses.

The present study aimed, by applying the Expectancy-Valence (EV) model to the IGT, at

identifying impaired components of decision-making under uncertainty in pathological gamblers.

Methods—Twenty pathological gamblers and 20 non-gamblers performed the IGT. The EV

model breaks down IGT performance into three cognitive processes: (i) the subjective weight that

the individual assigns to gains versus losses (gain/loss parameter), (ii) the degree of prominence

given to recently-obtained information, compared to past experience (recency parameter), and (iii)

the consistency between learning and responding (consistency parameter).

Results—Pathological gamblers obtained higher scores on the gain/loss parameter as compared

to controls, indicating higher sensitivity to monetary gains. This measure was also correlated with

the degree of gambling dependence severity. No between-group difference was observed in the

recency and the consistency parameters.

Conclusion—These findings suggest that pathological gamblers’ strong preference for choices

featuring high rewards but higher losses during the IGT is due to a hypersensitivity for large

monetary gains, which might reflect a hypersensitivity in their reward systems. In contrast, we
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found in pathological gamblers no evidence of inability to integrate information across time, a

function that has been shown previously to be linked to damage in the prefrontal cortex.
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1. Introduction

Gambling disorder is characterized by an exaggerated preference for high-uncertain rewards

(e.g., Brevers et al., 2013a; van Holst et al., 2010). This abnormal pattern of decision-

making has been repeatedly detected through the use of the Iowa Gambling Task (IGT; for

reviews, see Brevers et al., 2013b; Goudriaan et al, 2004; van Holst et al., 2010). On this

complex task, 4 card decks feature payoffs that vary over time and involve different

cognitive processes (Bechara et al., 1994; Dunn et al., 2006). More specifically, during this

task, pathological gamblers (PG) display a strong preference for choices featuring high

rewards but higher losses (i.e., disadvantageous deck selection), rather than choosing from

options featuring low rewards but lower losses (i.e., advantageous deck selection) (Brevers

et al., 2013b). Even though such extensive behavioral testing is insightful, there is currently

little information on the specific cognitive processes that underlie impaired IGT

performances in PG (Brevers et al., 2013b; Goudriaan et al., 2006).

According to the Expectancy-Valence (EV) model (Busemeyer and Stout, 2002), choice in

complex environments is based on subjective expectancies, which are formed based on the

experienced outcomes (gains and losses), but are also affected by individual differences in

three components of the learning and decision process. The first is a motivational factor,

which indicates the subjective weight the individual assigns to gains versus losses. The

second is a learning-rate factor, indicating the degree of prominence given to recently

obtained information, compared to past experience. The third is a response factor, indicating

how consistent the decision-maker is between learning and responding.

Decision-making deficits observed in complex decision-making tasks – such as the IGT –

can be broken down into these three basic components (Busemeyer and Stout, 2002). The

EV model has been successfully used to discriminate among specific component processes

of IGT performance in individuals with different addictive disorders, including alcohol,

cannabis and cocaine addictions (Stout et al., 2004; Yechiam et al., 2005). In the present

study, we aim to use the EV model in order to distill PGs’ IGT performances into more

basic cognitive components.

2. Material and methods

2.1. Participants

Participants were 20 pathological gamblers (PG) and 20 controls. All subjects were adults (>

18 years old). Participants received 15 euros for their participation and their travel cost was

reimbursed. They all provided informed consent that was approved by the appropriate

human subject committee at the Brugmann University Hospital. The demographic data for

the two groups are described in Table 1.
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2.2. Recruitment and Screening Methods

PG were recruited through advertisement in the casino complex VIAGE, in Brussels,

Belgium. The ads asked for participants who “gambled frequently” to participate in a one-

day study to explore factors associated with gambling. In order to exclude occasional or

non-frequent gamblers, a telephone-screening interview was conducted by means of a

locally developed screening tool which included an examination of frequency of gambling

behavior and comorbid psychiatric disorders. Participants were judged to be medically

healthy and without comorbid substance use disorder on the basis of the Addiction Severity

Index Short Form.

Gambling dependence severity was assessed using the South Oaks Gambling Screen

(SOGS; Lesieur and Blume, 1987). All PG (n = 20) scored ≥ 5 on the SOGS, indicative of

probable pathological gambling. Controls were recruited from the clerical and clinical staff

belonging to the psychiatric department of the Brugmann University Hospital. To avoid

biases, resulting from knowledge of how these tasks operate, psychiatrists and psychologists

were excluded from participation. On the SOGS, only four control participants reported

betting on lotteries occasionally (i.e., less than once a week) over the past 12 months

preceding testing. None of the other controls gambled.

2.3. Current Clinical Status

Current clinical status of depression and anxiety was rated with French versions of the Beck

Depression Inventory (Beck et al., 1961) and the Spielberger State–Trait Anxiety Inventory

(STAI; Spielberger, 1983), respectively.

2.4. The Iowa Gambling task (IGT)

During the IGT play, participants saw a display of four decks of cards that were identical in

appearance, except for their labels A, B, C and D. They were told that the game involved a

long series of card selections (N = 100) and that the goal was to earn as much money as

possible. Participants were given written instructions in which they were told that some

decks were worse than others, and that they should avoid these decks in order to succeed in

the task. Details of this task are now common and can be found in initial publications

(Bechara et al., 1994, 1997). Briefly, Decks A and B yield relatively higher immediate gains

(in “play money”) in comparison to Decks C and D. However, unpredictably all decks yield

losses, but these losses are set to be much higher in decks A and B relative to C and D. As

such, decks A and B are considered disadvantageous (they lead to net loss in the long term),

whereas decks C and D are considered advantageous (they lead to net gain in the long term).

2.5. Cognitive Modeling of the IGT’s Results

The Expectancy-Valence model predicts the next choice ahead in complex decision-making

tasks. Based on a trial-to-trial analysis of behavior during the task, the model estimates three

individual parameters corresponding to the following components, for each decision maker

(for a more detailed explanation of the computation and estimation process, see Appendix

A):
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2.5.1. Attention-weight—This is motivational component indicating the subjective

weight the individual assigns to gains versus losses. The sensitivity to reward parameter

ranges between 0–1, and represents the relative weight assigned to gains (rewards) in the

evaluation of alternatives.

2.5.2. Recency—This is a learning-rate component indicating the degree of prominence

given to recent outcomes, at the expense of relying on the full range of past experience. The

Recency parameter ranges between 0–1, and represents (inversely) the tendency to take

long-term considerations into account.

2.5.3. Consistency—This is a probabilistic component indicating how consistent the

decision-maker is between learning and responding. The Consistency parameter ranges

between (−5)−5 and represents the tendency to choose from the alternatives with the higher

subjective expectancies, as opposed to making random selections.

2.6. Statistical Analysis

Non-parametric statistical tests have been used due to (1) the small size of the present

sample and (2) the non-normal distribution of the IGT data (proportion of advantageous

selection and EV model parameters).

3. Results

3.1. Demographics and current clinical status

We observed no difference in terms of gender and level of education between the gambler

and non-gambler groups (see Table 1). Mann-Whitney U tests revealed no significant

difference between PG and controls on age, depression, state and trait anxiety (see Table 1).

We observed no significant correlation (Spearman r, N = 40) between performance on the

IGT (proportion of advantageous selection and EV model parameters) and current clinical

status (depression or anxiety).

3.2. Proportion of advantageous deck selection

In controls, a Friedman test revealed that the proportion of advantageous choice was higher

in the last block of 20 trials (Median = 0.80, IQR = 0.49) than in the first block of 20 trials

(Median = 0.44, IQR = 0.14; X2(1,20) = 4.77, p = 0.029), indicating that controls had

learned to perform better during the task. In the PG group, we observed no difference

between the proportion of advantageous choice in the last block of 20 trials (Median = 0.48,

IQR = 0.34) and in the first block of 20 trials (Median = 0.40, IQR = 0.20; X2(1,20) = 0.80, p

= 0.37), indicating that no such learning had occurred. Mann-Whitney U test was then

performed to examine between-groups differences on the total proportion of advantageous

deck selection (across the 100 trials). There was a significant difference between PG and

controls (Mann–Whitney U statistic = 109.50, Z = −2.45, p = .013), indicating that the total

proportion of advantageous deck selection was lower in PG (Median = 0.50, IQR = 0.15)

than in controls (Median = 0.70, IQR = 0.24).
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3.2. Modeling Results

Model fit was positive (M = 24.35; SD = 31.47). Mann-Whitney U tests showed that PG

obtained lower scores on the attention-weight parameter than controls (Mann–Whitney U

statistic = 103.50, Z = −2.63, p = .008), which indicates higher gain sensitivity in PG. We

observed no significant between-group difference on the recency (Mann–Whitney U statistic

= 140.00, Z = −1.72, p = .11) and on the consistency parameters Mann–Whitney U statistic

= 195.00, Z = −0.14, p = .90). These findings are depicted in Table 2.

3.3. Relationship between EV model’s parameters, total task performance and gambling
dependence severity

There was a significant correlation between the total proportion of advantageous deck

selection (summed across the 100 trials) and the attention-weight parameter (Spearman’s

rho (40) = −.51, p < 0.001). Furthermore, in the PG group, scores on the attention-weight

parameter were correlated with scores on the SOGS (Spearman’s rho (20) = 0.52, p =

0.018). This indicates that even within this group of pathological gamblers, gain sensitivity

accounts for much of the variance in the severity of the gambling disorder/behavior. No

other significant result was observed.

4. Discussion

In this study, we investigated the potential contribution of three psychological processes

(attention-weight; recency; consistency) involved in PGs’ impaired IGT performance.

Findings of the present study could be summarized as follows: we first observed that PG

choose disadvantageous decks more often than control participants. This is consistent with

several prior studies (for reviews, see Brevers et al., 2013b; Goudriaan et al, 2004; van Holst

et al., 2010). The novel findings of this study are the cognitive modeling results, which

revealed that PG obtained higher scores on the attention-weight parameter as compared to

their controls, indicating higher sensitivity to monetary gains. This measure was negatively

associated with advantageous deck selection. Moreover, in the PG group, scores on the

attention-weight parameter were correlated with scores on gambling dependence severity.

Hence, the more elevated the sensitivity to monetary gains, the more severe the gambling

problem is.

Importantly, we observed no between-group difference on the recency parameter. This result

suggests that PGs’ tendency to choose disadvantageously may not be specifically due to

rapid discounting of past outcomes or to an inability to anticipate consequences of choosing

cards from each deck (Yechiam et al., 2005). This result also implies (at least indirectly) that

poor decision-making in PG may not be linked to impairments in the prefrontal cortex, since

prior studies have linked prefrontal cortex damage to increased scores in the recency

parameter (e.g., Koritzky et al., 2013). There was also no significant difference between PG

and their controls on the choice consistency parameter. This result indicates that PG did not

make erratic or random choices, that is, they were able to make choices according to the

subjective expectancy associated with the forthcoming choice option. Noteworthy, due to

small sample size, non-significant results (e.g., non-significant between-group difference on

the EV model’s recency parameter) must be interpreted with caution. Moreover, another
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limitation of this study is that gamblers participants were only screened using the SOGS

(which determines “probable pathological gambling”), rather than using both the SOGS and

a DSM-V based diagnostic interview for gambling disorder (APA, 2013). Hence, additional

studies are needed in order to replicate present preliminary findings.

As a whole, the present findings suggest that PG persist in choosing from disadvantageous

decks because of their hypersensitivity for large monetary gains. Put differently, in PG, prior

to choosing a deck option, high monetary rewards may carry more weight than signals

triggered by monetary losses. In this context, options featuring high-reward but higher losses

may be flagged as salient, as compared with options featuring low rewards and losses. This

assumption is in line with brain-imaging studies showing that, as compared with non-

gamblers, disadvantageous deck selection during the IGT is associated with enhanced

activation within PGs’ brain-reward systems, such as the striatum and the mesolimbic

dopamine system (Linnet et al., 2010, 2011a; 2011b; Power et al., 2012). One direction for

future studies would be to examine brain-correlates of monetary gain sensitivity, estimated

with the EV model (for an example of integrating EV model’s parameters with fMRI data

analyses, see Koritzky et al., 2013).

To conclude, by decomposing the IGT into three different psychological components, we

found that the motivational process of weighting gains versus losses underlie poor IGT

performance in gambling disorder.
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Appendix A

The Expectancy Valence model (EV; Busemeyer & Stout, 2002) is a learning model

predicting the next choice ahead in repeated decision-making. The model assumes that

making repeated choices from a set of alternatives generates a process of learning the

expectancies of these alternatives. The individual’s choice is based on subjective

expectancies, namely, an incorporation of the actual experienced outcomes into a learning

and decision process with three components. Each component is represented by a parameter:

1) Relative weight to gains and losses, measured by the attention-weight parameter. The

subjective evaluation of the gains and/or losses obtained upon making a choice is called a

valence, and denoted v(t). It is calculated as a weighted average of the gains and losses

resulting from the chosen option in each trial t.
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where win(t) and loss(t) are the amounts of money won or lost on trial t; and w is the

attention weight parameter (0 ≤ w ≤ 1).

2) The rate at which recent outcomes are updated, or the relative effect of recent outcomes

on the subjective expectancies formed by the decision maker. This is measured by the

recency parameter. The outcomes produced by each alternative j are summarized by an

expectancy score, denoted Ej (t), and updated as follows:

where j is the selected alternative. The recency parameter, ϕ, describes the degree to which

subjective expectancies reflect the influence of the most recent experience relative to more

distant past experiences (0 ≤ ϕ ≤ 1). Higher values of ϕ indicate a greater effect of recent

information (at the expense of relying on the full past experience) on the next decision

made. Low values of ϕ are generally more optimal.

3) The effect of expectancies on further choice, measured by the choice consistency

parameter. The probability of choosing an alternative is a strength ratio of the subjective

expectancy of that alternative, relative to all choice options (using Luce’s rule):

where Pr[Gj(t)] is the probability that alternative j will be selected on trial t. The term θ(t)

controls the consistency of the choice probabilities and the expectancies, where: θ(t)= (t/

10)c, and c is the choice consistency parameter (−5 ≤ c ≤ 5).

Parameters are estimated based on a trial-to-trial analysis of the decision maker’s behavior

in the task. The accuracy of the model is assessed by comparing its ability to predict the

individual’s next decision, to a prediction based on the respondent’s mean choices (a

baseline model). The estimation procedure is described in detail in Busmeyer and Stout

(2002). The statistical test used for comparing the fit of the models is the Bayesian

Information Criterion (BIC) for log likelihood differences. Positive values of the BIC

statistic indicate that the cognitive model performs better than the baseline model.
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Highlights

• The expectancy-valence model was used to examine problem gamblers’ IGT

performance

• Compared to controls, gamblers’ exhibited an hypersensitivity to monetary

rewards

• Gamblers were similar to controls at integrating information across time

• Gamblers were similar to controls in their choice consistency
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Table 1

Demographic and current clinical status data for PG and control participants.

PG Controls

n 20 20

Age (years) 35.95 (10.53) 37.10 (10.52)

Gender (M/F) 16/4 15/5

Education (level 1/2/3) 4/11/5 2/12/6

SOGS 8.05 (2.56) 0.00

Gambling frequency (day per month) 13.41 (7.71)

BDI 4.80 (5.97) 2.10 (1.61)

STAI S 41.05 (9.66) 37.85 (7.70)

STAI T 29.60 (10.80) 33.94 (8.19)

Note. All Mann-Whitney U tests p-value > 0.05, except for SOGS scores: p < 0.0001. Values shown are the mean and standard deviation on each
measure. Level of education was coded as follows: level 1 = completion of the first 3 years of secondary school or equivalent; level 2 = completion
of secondary school or equivalent; and level 3 = post-secondary school training. SOGS = South Oaks Gambling Screen, BDI = Beck Depression
Inventory, STAI S = State subscale of the State-Trait Anxiety Inventory, STAI T = Trait subscale of the State-Trait Anxiety Inventory.
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