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Abstract 

Counterfactual thinking is a component of human decision-making that entails “if 

only” thinking about unselected choices and outcomes. It is associated with strong 

emotional responses of regret (when the obtained outcome is inferior to the 

counterfactual) and relief (vice versa). Counterfactual thinking may play a role in 

various cognitive phenomena in disordered gambling, such as the effects of near-

misses. This study compared individuals with gambling disorder (n = 46) and healthy 

controls (n = 25) on a behavioural economic choice task that entailed choosing 

between two gambles, designed to measure counterfactual thinking. Participants 

provided affect ratings following both the obtained and the non-obtained outcomes. 

Choices were analyzed using a computational model that derived parameters 

reflecting sensitivity to expected value, risk variance, and anticipated regret. In the 

computational choice model, the group with gambling disorder showed increased 

sensitivity to anticipated regret, reduced sensitivity to expected value, and increased 

preference for high risk-variance gambles. On the affect ratings, the group with 

gambling disorder displayed blunted emotional sensitivity to obtained and 

counterfactual outcomes. Effect sizes of the group differences were modest. 

Participants with gambling disorder show wide-ranging alterations in decision-making 

processes and emotional reactivity to choice outcomes. Altered sensitivity to 

anticipatory regret in gambling disorder may contribute to the development of 

gambling-related cognitive distortions, and the influences of gambling marketing. 

 

Keywords: Gambling disorder; regret; risk-taking; counterfactual thinking; affective 

sensitivity 
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1. Introduction 

Gambling disorder (GD) is a behavioural addiction characterized by uncontrolled 

gambling despite negative consequences (Potenza et al., 2019). Disordered gambling 

is associated with cognitive distortions that contribute to faulty decision-making 

during gambling sessions (Clark, 2016; Leonard, Williams, & Vokey, 2015). These 

distortions centre around the biased processing of random sequences (Oskarsson, Van 

Boven, McClelland, & Hastie, 2009) and appraisal of skill (Stefan & David, 2013). 

Gambling-related cognitive distortions are implicated in the aetiology and 

maintenance of disordered gambling, and are targeted by cognitive therapies for GD 

(Fortune & Goodie, 2012; Yakovenko et al., 2016). The cognitive architecture and 

computational mechanisms that underlie these distortions are poorly understood 

(Ejova & Ohtsuka, 2020).  

 

Emotional factors are also implicated in the development and maintenance of 

disordered gambling. For example, negative emotional states may motivate gambling 

as a means of escape (Blaszczynski & Nower, 2002; Devos, Maurage, Clark, & 

Billieux, 2018), and trait differences in mood-related impulsivity (urgency) and 

emotion regulation are reliably observed in GD (Billieux et al., 2012; Michalczuk, 

Bowden-Jones, Verdejo-Garcia, & Clark, 2011). Emotional factors and decision-

making coalesce in the phenomenon of regret, and the broader psychological 

framework of counterfactual thinking (Zeelenberg & Pieters, 2004). Counterfactual 

thinking refers to the mental processes by which we represent “what might have 

been”: alternative realities to events that occurred (Roese, 1997). Within this 

framework, regret (and its positive counterpart, relief) is the emotional response that 

arises when a counterfactual alternative is more (less) favourable that the event that 

occurred.  

 

In a laboratory choice procedure for eliciting regret (Camille et al., 2004; Mellers, 

Schwartz, & Ritov, 1999), the participant observes their obtained outcome after a 

choice between two gambles (e.g. lose 70 points), followed by the non-obtained 
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outcome from the other gamble that was declined (e.g. win 210 points). Although the 

latter information is effectively irrelevant, emotional ratings and psychophysiological 

activity are modulated by the counterfactual feedback, in line with the experience of 

regret and relief (Camille et al., 2004; Wu & Clark, 2015; Wu, van Dijk, Aitken, & 

Clark, 2016). In addition, the emotional intensity of regret can lead healthy people to 

make suboptimal choices, in order to minimize their likelihood of experiencing future 

regret, termed anticipatory regret (Bell, 1982; Loomes & Sugden, 1982; Zeelenberg, 

Beattie, Van Der Pligt, & De Vries, 1996).   

 

Counterfactual thinking has been implicated in cognitive distortions in gambling. 

Many lottery players repeatedly choose the same numbers from week to week, 

because of anticipated regret that they would experience if those numbers won when 

they had not purchased their usual ticket (Wolfson & Briggs, 2002). This effect is 

often exploited in lottery marketing (Landman & Petty, 2000). It is amplified in the 

case of ‘postcode lotteries’, where the counterfactual feedback for non-ticket-holders 

would be the upsetting sight of their neighbours getting rich (Zeelenberg & Pieters, 

2004). Anticipatory regret may play a role in the refusal to sell personally-selected 

lottery tickets, often regarded as a classic demonstration of illusory control (Bar-Hillel 

& Neter, 1996; Langer, 1975). Regret is one of several mechanisms invoked to 

explain the emotional and motivational effects of gambling near-misses (Wu, Dijk, Li, 

Aitken, & Clark, 2017). For example, near-wins can elicit upward counterfactual 

thoughts, and continued gambling may serve to alleviate the accompanying state of 

regret (Loftus & Loftus, 1983).   

 

In this context, it is surprising that regret and counterfactual thinking have received 

little investigation in GD. Using a behavioural economics approach, two experiments 

by Tochkov (2009, 2012) inferred an impairment in regret processing in problem 

gamblers, based on a comparison between choice scenarios designed to elicit differing 

levels of regret. Along with two self-report studies (Li et al., 2009; Rae & Haw, 2005), 

this research has been largely predicated on the idea that if a gambler could feel 
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and/or anticipate regret, then they would surely avoid persistent gambling. This is 

supported by neuropsychological data that damage to ventromedial prefrontal cortex -

- a brain region implicated in GD -- disrupts regret processing (Camille et al., 2004; 

Clark, Boileau, & Zack, 2019). However, evidence that counterfactual thinking may 

contribute to gambling-related cognitive distortions generates the opposing prediction 

that individuals with GD could be over-sensitive to regret and more likely to engage 

in counterfactual thinking. For example, groups with GD may be hyper-sensitive to 

near-misses (Chase & Clark, 2010; Sescousse et al., 2016). The present study set out 

to test these competing predictions. Our task (Camille et al., 2004; Mellers et al., 

1999) derived affective measures of experienced regret (i.e. the trial-by-trial 

difference between the obtained and non-obtained outcomes), and we used a 

computational analysis of gambling choices to parameterize participants’ sensitivity to 

expected value, risk preference, and anticipatory regret, as three latent mechanisms 

that shape gambling choices on this task (Baskin-Sommers, Stuppy-Sullivan, & 

Buckholtz, 2016; Gillan et al., 2014; Wu & Clark, 2015). We hypothesized group 

differences between GD and controls on affective measures of regret sensitivity and 

the choice parameter reflecting anticipatory regret. Given the competing predictions 

from the existing literature, we ran two-tailed tests without strong directional 

predictions. Exploratory analyses within the GD group tested the impact of gambling 

severity and trait gambling cognitions. 

 

2. Methods 

2.1 Participants 

Individuals with GD (n = 46; 25 males, 20 females, 1 self-identified as other) were 

recruited from advertisements on Craigslist.ca (an online message board) and the 

British Columbia Responsible and Problem Gambling Program. We recruited 26 

healthy controls via community advertisements; one control was later excluded for 

random, unmotivated performance on the task, leaving a control sample of 25 (14 

males, 10 females, 1 self-identified as other). The protocol was approved by the 

Behavioral Research Ethics Board at the University of British Columbia (H15-
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00165). Participants provided written informed consent and were reimbursed for their 

time and travel expenses. GD was confirmed with the SCID-IV structured interview 

(this was recoded for DSM-5, by removing item 10 and thresholding at 4) and scores 

≥ 8 on the Problem Gambling Severity Index (PGSI; Ferris & Wynne, 2001). All 

participants were aged 19 – 65 years. Exclusion criteria for both groups were: history 

of neurological illness, previous psychiatric hospitalization, current pharmacotherapy, 

and significant physical illness.  

 

The healthy controls comprised a mixture of non-gamblers (n = 17) and non-problem 

gamblers (6 scored 1 on the PGSI, 2 scored 2). GD participants varied in terms of 

treatment-seeking and stage of treatment: 27 were not treatment-seeking, 15 were 

currently receiving treatment, and 3 had finished or discontinued treatment, one 

person did not disclose their treatment status.  

 

Respondents received an initial telephone screen to assess eligibility. Eligible 

participants attended a 2.5 hour laboratory session, entailing the regret task, an 

interoception task involving heart beat recording and another decision-making task 

involving separate blocks of gains-only and losses-only choices. Participants 

completed the National Adult Reading Test – Revised (Blair & Spreen, 1989) to 

estimate verbal IQ; the Gambling Related Cognitions Scale (Raylu & Oei, 2004), a 

21-item questionnaire that assesses a range of gambling distortions; and the 

Depression Anxiety and Stress Scale (DASS-21) (Lovibond & Lovibond, 1995) to 

assess past-week affective symptoms. Other mental health problems were assessed 

using 8 of the 13 domains in the DSM-5 ‘Cross Cutting Tool’ (American Psychiatric 

Association, 2013), as the SCID-5 Research Version was not released at the time 

when we started the study (see Supplementary Materials) 

 

------------------------insert Table 1 about here------------------------ 

 

2.2 Regret Task (see Figure 1) 



Regret in Gambling Disorder 

 8 

Participants performed 80 trials on a 2-choice lottery task modified from Gillan et al. 

(2014) and programmed in Presentation (Neurobehavioral System Inc.). The first 2 

trials were discarded as practice. On each trial, the participant chose between two 

wheels that displayed different potential gains and losses (see Supplementary Table 4 

for trial sequence). Participants were instructed that their total number of points on 

completion would be honored as a cash bonus loaded on a gift card, to a maximum of 

CAD$10. Following the obtained outcome (2 s duration; termed ‘partial feedback’), 

participants rated “How pleased were you with the outcome?” (1 = extremely 

unpleasant and 9 = extremely pleasant). The non-obtained outcome (on the non-

selected wheel) was then revealed for 2 s, alongside the obtained outcome. At this 

complete feedback stage, participants provided a second affect rating. The inter-trial 

interval was 2 s. No time constraints were imposed on wheel selection or affect 

ratings. Outcomes were pre-specified to be in line with the displayed probabilities, 

ensuring that the task was fair.  

 

------------------------insert Figure 1 about here------------------------ 

 

2.3 Statistical analysis 

2.3.1 Affect ratings. We used R and lme4 (Bates, Maechler, & Bolker, 2012) to 

perform linear mixed effects analyses on the affect ratings, with Group as a fixed 

effect and participant number as a random effect. We conducted separate analyses on 

the first rating (following partial feedback) and the second rating (following complete 

feedback). The partial feedback models tested the influence of i) the obtained 

outcome, and ii) the difference between the obtained outcome and the non-obtained 

outcome on the chosen wheel (the ‘chance counterfactual’, following Gillan et al. 

2014). For the second rating, the complete feedback models tested the influence of i) 

the obtained outcome, ii) the difference between the obtained outcome and the non-

obtained outcome on the other wheel (termed the ‘agent counterfactual’ after Gillan et 

al. 2014). These outcome expressions were entered as continuous fixed-effect 

predictors. The healthy control group were the reference category for the Group 
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factor, hence the terms for the outcome predictors refers to the influence of those 

predictors within the healthy group. To test the analogous effects in the GD group, a 

subset model was run restricted to that group.  

 

2.3.2 Choice Model. A computational model was applied to the trial-by-trial choice 

behavior, based on Gillan et al. (2014), to predict participants’ wheel selections. The 

model considered the influence of three parameters: expected value (e), risk variance 

(v) and anticipated regret (r). For wheel 1 (W1): x1 and y1 refer to the two possible 

outcomes, where x1 > y1 ; p and 1-p are their respective probabilities. For wheel 2 

(W2), the outcomes are x2 and y2 (x2 > y2) and their respective probabilities q and 1-q. 

Using this notation, the expected value (EV) of W1 is calculated using: EV =  px +

 (1 − p)y . The e parameter is then calculated by subtracting the EV of W2 from the 

EV of W1: 𝑒 = EV − EV = [px + (1 − p)y ] − [qx + (1 − q)y ] 

If e is positive, then a participant who is sensitive to (higher) EV should choose W1.  

 

The risk variance parameter, v, is the comparison of the two mathematical variance 

terms for the wheels, based on the probability density function. The risk variance for 

W1 is calculated using: var = p(x − EV ) + (1 − p)(y − EV )   

Thus the comparison across the two wheels is calculated as:  

𝑣 = 𝑣 − 𝑣

= [q(x − EV ) + (1 − q)(y − EV ) ] − [p(x − EV )

+ (1 − p)(y − EV ) ] 

If v is positive, then W1 is associated with lower risk variance and a risk averse 

participant should select that wheel. 

 

The anticipated regret calculation considers the difference between the worst outcome 

on a wheel and best outcome on the other wheel: for W1, (y − x ). To a regret 

avoidant participant, a large difference is unattractive. The r parameter is calculated 

by subtracting the regret term on W2 from W1: 

𝑟 = (y − x ) − (y − x ) 
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A participant who anticipates (and avoids) regret should select W1 if r is positive and 

select W2 if r is negative.  

 

Using these three parameters, the probability of choosing wheel 1 (Pwit), where t 

denotes trial (or time) and i denotes individual, is calculated using:  

 

P(W1it) = 1 – P(W2it) = F(eit, vit, rit) 

 

F is the inverse logit function, F(θ) = eθ(1 + eθ) and θ is the logit predicted by the 

individual values of e, v, and r in the logistic regression. To account for differences in 

scaling and to aid interpretation, the three parameters were standardized for entry in 

the model. Within-subjects logistic regression analysis was performed using the 

lme4::lmer function, with the model Choice ~ e + v + r + Group:e + Group:v + 

Group:r + (1|subject). Choice is a binary variable, coded 1 for wheel1 and 0 for 

wheel2; group is a fixed-effect factor; subject is a random-effect factor; e, v, and r are 

continuous fixed-effect predictors. Logit and inverse logit functions are defined as 

logit(θ) = ln[θ/(1-θ)] and invlogit(θ) = eθ(1 + eθ), such that invlogit[logit(θ)] = θ.  

For the ratings and choice models, the effect size for the group interaction terms were 

calculated with Cohen’s f2 (small 0.02, medium 0.15, large 0.35), based on the 

difference in R2 for models with and without the interaction term included f2 = ΔR2 / 

(1 - R2) (Selya, Rose, Dierker, Hedeker, & Mermelstein, 2012). Data analysis code in 

R is available at https://github.com/CGR-UBC/Regret_GD_2020. 

 

3. Results 

3.1 Demographic and Clinical Characteristics of the Groups 

Group characteristics are reported in Table 1. The groups were comparable in terms of 

gender. The GD group were 6.4 years older on average (95% CI: -12.9, 0.04, p 

= .051); age is explored in the analyses of individual differences (see Supplemental 

Material) as a variable that has been previously related to regret-based choice. In GD, 

the preferred form of gambling was land-based slot machine gambling (46%), 
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following by online gambling (15%) and sports betting (10%). The GD group scored 

significantly higher on the gambling-related cognitions (GRCS) and affective 

symptoms (DASS).  

 

3.2 Regret task 

In terms of overall points earned on the task, the GD group (M = 993.70, SD = 

687.38) did not differ from the control group (M = 834.40, SD = 663.13), t(69) = 

0.944, 95% CI: -495.6, 177.3, p = .348. There were no group differences in decision 

latencies (see Supplemental Table 2). 

 

3.2.1 Affect ratings to partial feedback  

The first ratings were regressed on obtained outcome and group. There was an effect 

of the obtained outcome, b = 0.0135, SE = 0.000218, 95% CI: 0.0130, 0.0139, t = 

61.6, p < .001: in the healthy controls (the reference category), a 100 point increase in 

the obtained outcome predicted an affect change of 1.3 units on the 1-9 scale. A 

significant interaction term for obtained outcome x group, b = -0.000708, SE = 

0.000271, 95% CI: -0.0012, -0.0002, t = -2.61, p = .009, f2 = 0.0011, indicated that 

this relationship was reduced in GD (see Figure 2A). Nevertheless, the effect of 

obtained outcome remained significant in GD in the subset model, b = 0.0128, SE = 

0.000165, 95% CI: 0.0124, 0.0131, t = 77.2, p < .001.  

 

------------------------insert Figure 2 about here------------------------ 

 

The effect of the chance counterfactual was significant, b = 0.00694, SE = 0.000135, 

95% CI: 0.00667, 0.00720, t = 51.4, p < .001: in controls, a 100 point increase in the 

difference between the obtained outcome and the non-obtained on the chosen wheel, 

predicted an affect change of 0.7 units on the 1-9 point scale. The chance 

counterfactual x group interaction term was significant, showing that this relationship 

was attenuated in the GD group, b = -0.000345, SE = 0.000167, % CI: -0.000672, -

0.000018, t = -2.07, p = 0.039, f2 = .0007. In the subset model, the chance 
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counterfactual term remained significant in the GD group, b = 0.00660, SE = 

0.0000994, 95% CI: 0.00640, 0.00679, t = 66.4, p < .001.  

 

3.2.2 Affect ratings to complete feedback.  

On the second rating, the significant effect of the obtained outcome was corroborated, 

b = 0.0103, SE = 0.000299, 95% CI: 0.00973, 0.0109, t = 34.5, p < .001, as well as 

the obtained outcome x group interaction term, b = -0.00105, SE = 0.000370, 95% CI: 

-0.00177, -0.00032, t = -2.83, p = 0.005, f2 = 0.0014, due to a weaker relationship in 

the GD group. 

 

The effect of the agent counterfactual term was significant, b = 0.0106, SE = 

0.000219, 95% CI: 0.0102, 0.0110, t = 48.5, p < .001: in controls, a 100 point increase 

in the difference between the obtained outcome and non-obtained outcome on the 

unchosen wheel, predicted an affect change on 1.1 units on the 1-9 scale. The agent 

counterfactual x group interaction term was also significant, b = -0.000608, SE = 

0.000273, 95% CI: -0.00114, 0.00007, t = -2.23, p = .026, f2 = 0.0008, such that the 

effect of the counterfactual feedback was attenuated in GD (see Figure 2D). The GD 

group were sensitive to this predictor in the subset model, b = 0.0100, SE = 0.000167, 

95% CI: 0.00968, 0.0103, t = 59.8, p < .001.  

 

3.2.3 Choice Model 

The choice parameters e and r exerted significant effects (see Table 2) (odds ratios e = 

3.36, v = 0.91, r = 1.53). Thus, in the healthy controls, the likelihood of choosing a 

gamble increased with expected value (odds ratio = 3.3) and with the regret parameter 

(odds ratio = 1.5) (i.e. participants minimized anticipatory regret).  

 

------------------------insert Table 2 and Figure 3 about here------------------------ 

 

The group interaction terms revealed significant differences in the GD group on each 

of the three parameters: reduced sensitivity to expected value (e), increased choice of 
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high risk variance gambles (v), and higher regret anticipation (r) (see Table 2 and 

Figure 3), albeit with modest effect sizes (f2 = 0.0015 to 0.0047). In the GD subset 

model, each of the three choice parameters exerted a significant effect (odds ratios e = 

2.57, v = 0.72, r = 1.76).  

 

3.2.4 Sensitivity Analyses 

Sensitivity analyses tested associations in the GD group between the regret task 

measures and four covariates: GRCS score, gambling severity, age, and smoking. 

Significant correlations were observed between some task measures, but the task 

measures were not significantly associated with the four covariates (see 

Supplementary Table 3).  

 

4. Discussion 

The present study examined counterfactual thinking in GD using a choice task that 

recorded emotional ratings to gamble outcomes as well as computational modeling of 

the choices themselves. We tested the hypotheses that GD would have altered regret 

sensitivity on affect ratings, and altered tendency to use anticipated regret in guiding 

their choices. On the affect ratings, we found evidence for blunted emotional 

responses to objective and counterfactual outcomes in GD, although confidence 

intervals for the subset models indicated that the GD group still robustly used these 

sources of information. This effect was seen to both levels of counterfactual 

information, as well as to the obtained feedback, pointing to a generalized reduction 

in emotional reactivity rather than a specific effect on regret processing. In the choice 

model, we found evidence for a greater sensitivity to anticipatory regret in the GD 

group, as well as reduced sensitivity to expected value and increased risk preference. 

There were no evidence of alterations in choice latencies or overall earnings on the 

task.  

 

In line with our affect ratings, functional imaging data in GD also indicate decreased 

neural activity to financial gains and losses (Balodis et al., 2012; Reuter et al., 2005), 
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albeit with some inconsistency (Clark et al., 2019). The increased risk attitude (v) 

parameter observed here in GD is also consistent with prior neurocognitive studies 

showing elevated risk-taking (Brand et al., 2005; Brevers et al., 2012; Lawrence, 

Luty, Bogdan, Sahakian, & Clark, 2009; Ligneul, Sescousse, Barbalat, Domenech, & 

Dreher, 2013). Some studies have indicated reduced sensitivity to mathematical 

expectancies in GD, e.g. displayed probabilities on the Cambridge Gamble Task 

(Lawrence et al., 2009; Limbrick-Oldfield et al., 2020; Ring et al., 2018). However, 

the evidence here that regret anticipation is increased in GD contrasts with prior 

research by Tochkov (2009, 2012), which used indirect comparisons (e.g. between 

hypothetical and actual gambles) to infer impaired regret processing in problem 

gamblers (SOGS 3+). Tochkov also used ‘at-risk’ gamblers as a comparison group, 

and her findings could therefore indicate quantitative rather than qualitative 

differences within the gambling risk spectrum.  

 

The differences in regret processing in GD contrasts with some prior 

neuropsychological research in other populations. In cases with orbitofrontal cortex 

lesions, emotional ratings to regret and regret choice sensitivity were both reduced 

(Camille et al., 2004). Thus, our results do not support a simple account of 

orbitofrontal pathophysiology in GD. Our data also mirror a pattern reported in 

obsessive compulsive disorder, in which emotional ratings to regret and relief were 

enhanced, and the regret choice parameter was reduced (Gillan et al., 2014). There is 

longstanding interest in the aetiological relationship between GD and OCD (Potenza, 

2006), and these findings may be reconciled by a compulsivity spectrum cutting 

across multiple disorders (Gillan, Kosinski, Whelan, Phelps, & Daw, 2016; Tavares & 

Gentil, 2007). Future work may usefully employ direct measures of compulsivity 

alongside regret. 

 

The evidence for increased engagement with counterfactual processing in GD could 

fuel the development of gambling-related cognitive distortions including the effects of 

near-misses (Wu et al., 2017), over-confidence (Petrocelli & Crysel, 2009) and 
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preferences for illusory control. These distortions – at a broad level - are elevated in 

GD (Goodie, 2005; Orgaz, Estevez, & Matute, 2013; Sescousse et al., 2016). 

However, this interpretation would predict significant correlations between the regret 

measures and the GRCS, for which we did not find support (the r2 indicates only 3% 

shared variance). Indeed, we did not find evidence relating regret processing to any of 

the tested sources of individual differences, including symptom severity. For the 

GRCS, we note that this scale does not emphasize some of the specific distortions that 

are linked to counterfactual thinking (e.g. no items pertain to near-misses). The 

correlational analyses by GRCS and PGSI could also have been compromised by 

heterogeneity in our GD group in terms of treatment stage (Breen, Kruedelbach, & 

Walker, 2001).  

 

Some further limitations should be noted. First, our hypotheses were not pre-

registered and must be treated as exploratory. In interpreting our beta coefficients, the 

task predictors (e.g. the counterfactual outcome terms) exerted substantial changes on 

the affect ratings. However, our group interaction terms, while statistically significant, 

had effect sizes below the threshold for a small effect. These modest effect sizes may 

reflect the group differences being predominantly expressed on a subset of trials; for 

example, the group difference in regret is likely driven by a subset of trials on which 

the potential for regret is high. Second, our GD group differed somewhat from our 

control group in terms of age and also smoking. We did not find evidence relating 

these variables with regret within the GD group (Supplemental Table 3) but they 

could still contribute to group differences, plus it is possible that other demographic 

variables that were similar across the groups could nevertheless moderate regret-

related processing. Third, our decision-making task operationalizes regret based on 

the emotional impact of non-obtained (i.e. rejected) outcomes, and although this task 

is well-validated, there are other facets of counterfactual thinking that could be 

relevant to gambling. The consequences of inaction (termed omission bias) or 

changing one’s mind could be relevant to gamblers switching between games, such as 

individual slot machines (Paliwal, Petzschner, Schmitz, Tittgemeyer, & Stephan, 
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2014).  

 

Our findings indicate that regret and counterfactual thinking may be neglected 

psychological constructs with relevance to disordered gambling, lying at the 

intersection of emotion and decision-making. A strength of our study is that it 

leverages a task that is well characterized at both computational and behavioural 

neuroscience levels (Kishida et al., 2015; Steiner & Redish, 2014). In term of 

application, we note that the emotional power of regret is not exclusively detrimental 

to decision-making: because the over-riding strategy is regret minimization 

(Zeelenberg et al., 1996), the anticipation of regret can bias individuals either towards 

or away from risky options. If regret is amplified in disordered gamblers, this carries 

implications for gambling advertising that might harness regret (Landman & Petty, 

2000; Zeelenberg & Pieters, 2004). At the same time, these cognitive differences 

highlight the possible use of gambling-related regret in public messaging and 

prevention programs to reduce gambling harms.   
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Table 1. Group characteristics  
 

 Gambling Disorder Controls  

Age (years)  42.65 (12.74) 36.2 (13.7) t(69) = 1.983, p 

= .051 

Gender F = 20 M = 25 F = 10 M = 14 χ2 = 0.246, p 

= .884 

NART 93.76 (8.32) 91.65 (8.97) t(69) = -.994, p 

= .323 

PGSI 17.02 (4.87) 0.40 (0.65) N/A 

GRCS 84.40 (23.77) 34.08 (10.66) t(69) = 12.3, p 

< .001 

DASS 22.46 (12.08) 10.20 (6.31) t(69) = 5.61, p 

< .001 

Smoking 23 smokers 2 smokers χ2 = 12.5, p < 

0.001 

FTND (in 

smokers) 

3.83 (2.50) 2.50 (3.54) t(23) = 0.71, p 

= .488 

 

NART = National Adult Reading Test (Revised) verbal subscale; PGSI = Problem 

Gambling Severity Index (note we do not report the inferential test on PGSI as this 

variable was inclusionary); GRCS = Gambling Related Cognitions Scale; DASS = 

Depression Anxiety and Stress Scale; FTND = Fagerstrom Test of Nicotine 

Dependence. 
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Table 2. Model of Choice Behavior 

 

Parameter beta SE 95% CI OR z p 

  (A) Choice model with all subjects 

Intercept 0.120 0.043 0.033, 0.208 1.13 2.74 .006 

e 1.210 0.096 1.029, 1.404 3.36 12.64 < .001 

v -0.099 0.055 -0.208, 0.009 0.91 -1.78 .075 

r 0.425 0.054 0.319, 0.533 1.53 7.81 < .001 

e*group -0.257 0.114 -0.485, -0.036 0.77 -2.25 .024 

v*group -0.235 0.069 -0.371, -0.099 0.79 -3.39 <.001 

r*group 0.140 0.068 0.007, 0.274 1.15 2.06 .039 

 71 subjects, 5460 observations. Log Likelihood: -3135.1 

  (B) Choice model in the GD group 

intercept 0.0778 0.048 -0.018, 0.174 1.08 1.618 .106 

e 0.944 0.063 0.823, 1.071 2.57 14.96 < .001 

v -0.331 0.042 -0.413, -0.250 0.72 -7.96 < .001 

r 0.563 0.041 0.483, 0.644 1.76 13.73 < .001 

 46 subjects, 3521 observations. Log Likelihood: -2031.5 

 

e = expected value, v = risk variance, r = anticipated regret. The three choice 

parameters were z transformed for entry, different their different ranges. OR = odds 

ratio for the beta coefficient 
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Figure 1. Sequence of events comprising a single trial of the regret task. All outcome 

probabilities were 0.25, 0.5, or 0.75, as indicated by the size of the segment, and all 

magnitudes were drawn from +70, +210, -70, -210. In this trial, the obtained outcome 

(-210 points, a loss) is worse than the non-obtained outcome (+70 points, a gain) and 

thus presentation of the non-obtained feedback should elicit regret, expressed as lower 

affect on rating 2 compared to rating 1.  
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Figure 2. Affect ratings on the regret task as a function of the obtained and 

counterfactual outcomes: A) affect rating 1 (after presentation of the obtained outcome) 

as a function of the obtained outcome; B) affect rating 1 as a function of the ‘chance 

counterfactual term’, the difference between the obtained outcome and the non-

obtained outcome on the chosen wheel; C) affect rating 2 (after presentation of the non-

obtained outcome) as a function of the obtained outcome; D) affect rating 2 as a 

function of the ‘agent counterfactual term’, the difference between the obtained 

outcome, and the non-obtained outcome on the other wheel. Red: healthy control group 

(Con), Blue: group with Gambling Disorder (GD). Shading around lines represents 95% 

CI for point estimates.
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Figure 3. Computational analysis of choice behaviour. The panels indicate the logit-

model predicted probability of choosing wheel 1, as a function of A) expected value (e), 

B) risk variance (v), C) anticipated regret (r). Note: the figures display the 

unstandardized choice parameters. Red: healthy control group (Con), Blue: group with 

Gambling Disorder (GD). Shading around lines represents 95% CI for point estimates. 
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Supplemental Material 

 

“Should’ve known better”: Counterfactual processing in disordered gambling, by Yin 

Wu, Dawn Kennedy, Caylee-Britt Goshko, Luke Clark 

 

Assessment of other mental health problems 

Other mental health problems were assessed using 8 of the 13 domains in the DSM-5 

‘Cross Cutting Tool’ (American Psychiatric Association, 2013), as the SCID-5 

Research Version was not released at the time when we started the study. The 

8 domains were: depression, anger, mania, anxiety, somatic symptoms, sleep 

disturbance, repetitive thoughts and behaviours, and substance use (see Table 2). The 

questions pertain to symptom severity during the past 2 weeks. In each domain, 

participants who endorsed the level 1 screening items received more extensive 

questioning (i.e. the level 2 assessment) to ascertain severity. For each domain, we 

report chi-squared analyses on the number in each group who endorsed the screening 

item, followed by non-parametric Wilcoxon’s rank-sum tests on domain severity in 

those participants. The Cross Cutting Tool was found to have acceptable internal 

consistency and validity in adult clinical samples (Bravo, Villarosa-Hurlocker, & 

Pearson, 2018).  
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Supplementary Table 1. DSM-5 Cross Cutting measure 

  Gambling Disorder  

(N = 46) 

Controls  

(N = 25) 

Statistics 

Depression     

 Screen n 31 8 χ2 = 8.195, p = .004 

 Positive  23.35 (6.46) 16.38 (6.39) U = 53.50, p = .014  

Anxiety     

 Screen n 30 13 χ2 = 1.185, p = .276 

 Positive   20.87 (5.37) 16.77 (3.96) U = 101.00, p = .013 

Substance Use     

 Screen n 20 2 χ2 = 9.534, p = .002 

 Positive  4.35 (2.48) 3.5 (3.54) U = 17.00, p = .728 

Mania     

 Screen n 27 10 χ2 = 2.269, p = 0.132 

 Positive  6.07 (3.25) 6.60 (2.95) U = 121.50, p = .642 

Repetitive 

Thought  

    

 Screen n 19 2 χ2= 8.625, p = .003 

 Positive  8.74 (3.37) 9.00 (4.24) U = 16.50, p = .763 

Sleep Disturbance     

 Screen n 27 7 χ2 = 6.115, p = .013 

 Positive  29.48 (4.48) 28.00 (3.37) U = 72.50, p = .347 

Somatic 

Symptoms 

    

 Screen n 29 6 χ2 = 9.878, p = .002 

 Positive  9.93 (4.61) 5.00 (2.68) U = 27.00, p = .008 

Anger     

 Screen n 27 5 χ2 = 9.796, p = .002 

 Positive  15.26 (2.74) 12.80 (1.64) U = 30.5, p = .053 
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Decision Latencies 

We tested the influence of expected value, risk variance, anticipated regret, and their 

interactions with group, on the decision latencies. As each of the three parameters is a 

difference score that can favour wheel 1 or wheel 2 (see Methods), we inserted the 

absolute difference scores as predictors, with an expectation that latencies should be 

slowest on difficult choices where the (absolute) difference between wheels was close 

to zero. As seen in Supplementary Table 2, the healthy controls (as the reference 

category) made slower decisions where expected value and risk variance were more 

similar between the two options; the anticipated regret term was not significant. These 

parameters did not interact with group in predicting decision latencies.  

 

Supplementary Table 2. Model of decision latencies, based on absolute values for 

expected value (e), risk variance (v) and anticipated regret (r). 

 

Parameter Coefficient SE 95% CI t value p value 

intercept 5976 528.0 4938, 7014 11.32 < .001 

e -8.44 3.13 -14.57, -2.30 -2.70 .007 

v -0.0408 0.0119 -0.064, -0.017 -3.418 <.001 

r 0.497 1.47 -2.37, 3.37 0.339 .735 

e*group -3.15 3.89 -10.78, 4.46 -0.811 .417 

v*group 0.00263 0.0148 -0.026, 0.032 0.178 .858 

r*group 0.253 1.81 -3.29, 3.79 0.140 .889 

 71 subjects, 5460 observations. Log Likelihood: -55281.63 

 

Individual Differences 

Sensitivity analyses tested the impact of four covariates: (i) gambling distortions 

(GRCS) and (ii) problem gambling severity (PGSI) were examined as factors of a 

priori interest, (iii) age was examined given the marginal difference in age between 
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groups, along with evidence for age-related changes in counterfactual thinking 

(Brassen, Gamer, Peters, Gluth, & Büchel, 2012); (iv) smoking was examined (as a 

binary variable) given that smoking contributed to group differences in heart rate 

variability in the same sample (Kennedy et al., 2019). These variables were correlated 

against the 3 choice model parameters, the rating slopes for the obtained outcome on 

rating 1, and the agent counterfactual term on rating 2 (see Supplementary Table 3). 

These tests were restricted to the group with gambling disorder, as the observed group 

differences could create artefactual associations in the pooled group. Some significant 

relationships were observed within measures from the regret task; for example, a 

positive correlation between the r choice parameter and the agent counterfactual 

rating (r = .326, p < .05). No significant correlations were detected between the task 

measures and the individual difference covariates. 
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Supplementary Table 3. Individual differences in the Gambling Disorder group: effects of gambling clinical variables and demographic factors on 

the choice model parameters (z transformed) and affective ratings  

 

 PGSI GRCS Age Smoking e v r Rating: 

Obtained 

Rating: Agent 

CF 

PGSI          

GRCS .173         

Age .056 -.315*        

Smoking .266 -.203 -.034       

e -.178 .191 -.275 -.225      

v .000 -.145 .229 .113 0.11     

r -.258 -.19 .032 -.051 .318* .090    

Rating: Obtained -.001 .235 -.007 -.177 .333* .106 .147   

Rating: Agent CF -.132 -.092 -.101 .045 .392* .161 .327* .712**  

* p < .05 ** p <.005. PGSI = Problem Gambling Severity Index, GRCS = Gambling Related Cognitions Scale  
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Supplementary Table 4.Trial sequence: gamble options on Wheel 1 and 2, and derived model parameters for e, v and r 

 Wheel 1 Wheel 2 Model Parameters 

trial x1 p y1 1-p Outcome x2 q y2 1-q Outcome e v r 

1 70 0.75 -210 0.25 70 210 0.25 -70 0.75 -70 0 0 -280 

2 70 0.5 -70 0.5 70 210 0.5 -210 0.5 210 0 39200 0 

3 210 0.25 -70 0.75 -70 210 0.5 -210 0.5 -210 0 29400 140 

4 70 0.5 -210 0.5 70 70 0.25 -70 0.75 -70 -35 -15925 -140 

5 70 0.75 -70 0.25 70 210 0.5 -70 0.5 210 -35 15925 -140 

6 70 0.5 -70 0.5 -70 210 0.5 -210 0.5 210 0 39200 0 

7 210 0.25 70 0.75 210 210 0.5 -70 0.5 -70 35 15925 140 

8 210 0.5 70 0.5 210 210 0.75 -210 0.25 210 35 28175 280 

9 70 0.75 -210 0.25 70 210 0.5 -210 0.5 -210 0 29400 -140 

10 70 0.75 -210 0.25 70 210 0.5 -210 0.5 -210 0 29400 -140 

11 210 0.25 -70 0.75 210 70 0.5 -70 0.5 -70 0 -9800 140 

12 70 0.75 -70 0.25 -70 210 0.25 70 0.75 70 -70 0 -280 

13 -70 0.5 -210 0.5 -210 210 0.25 -210 0.75 210 -35 28175 -280 

14 210 0.25 70 0.75 210 210 0.5 -70 0.5 210 35 15925 140 

15 210 0.25 -210 0.75 210 -70 0.75 -210 0.25 -70 0 -29400 280 

16 -70 0.5 -210 0.5 -210 70 0.25 -210 0.75 70 0 9800 -140 

17 -70 0.5 -210 0.5 -210 70 0.25 -210 0.75 -210 0 9800 -140 

18 70 0.75 -210 0.25 -210 210 0.25 -70 0.75 210 0 0 -280 

19 -70 0.75 -210 0.25 -70 210 0.25 -210 0.75 -210 0 29400 -280 

20 210 0.5 70 0.5 70 210 0.75 -210 0.25 210 35 28175 280 

21 70 0.5 -210 0.5 -210 70 0.25 -70 0.75 -70 -35 -15925 -140 

22 70 0.5 -70 0.5 70 70 0.75 -210 0.25 70 0 9800 140 

23 70 0.75 -70 0.25 70 70 0.75 -70 0.25 -70 0 0 0 
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 Wheel 1 Wheel 2 Model Parameters 

trial x1 p y1 1-p Outcome x2 q y2 1-q Outcome e v r 

24 210 0.5 -210 0.5 210 210 0.25 -210 0.75 210 105 -11025 0 

25 210 0.25 -70 0.75 -70 70 0.5 -70 0.5 70 0 -9800 140 

26 70 0.5 -70 0.5 70 70 0.75 -210 0.25 70 0 9800 140 

27 210 0.25 70 0.75 70 210 0.75 -210 0.25 210 0 29400 280 

28 210 0.5 70 0.5 210 210 0.75 -70 0.25 210 0 9800 140 

29 70 0.75 -210 0.25 70 210 0.25 -70 0.75 -70 0 0 -280 

30 70 0.5 -70 0.5 70 210 0.25 -70 0.75 -70 0 9800 -140 

31 210 0.75 -210 0.25 -210 70 0.25 -210 0.75 -210 245 -18375 140 

32 210 0.5 70 0.5 70 210 0.75 -70 0.25 -70 0 9800 140 

33 70 0.75 -210 0.25 70 210 0.25 -70 0.75 -70 0 0 -280 

34 70 0.75 -70 0.25 70 210 0.5 -210 0.5 210 35 40425 0 

35 70 0.5 -210 0.5 -210 70 0.25 -70 0.75 70 -35 -15925 -140 

36 -70 0.5 -210 0.5 -70 210 0.25 -210 0.75 -210 -35 28175 -280 

37 70 0.75 -70 0.25 -70 210 0.25 -70 0.75 -70 35 11025 -140 

38 70 0.25 -210 0.75 -210 -70 0.5 -210 0.5 -70 0 -9800 140 

39 70 0.5 -70 0.5 70 70 0.75 -210 0.25 -210 0 9800 140 

40 70 0.5 -70 0.5 -70 210 0.25 -70 0.75 -70 0 9800 -140 

41 210 0.5 -210 0.5 -210 210 0.25 -210 0.75 -210 105 -11025 0 

42 210 0.25 -70 0.75 -70 210 0.5 -210 0.5 210 0 29400 140 

43 70 0.75 -70 0.25 70 210 0.5 -70 0.5 -70 -35 15925 -140 

44 210 0.25 -210 0.75 210 70 0.5 -210 0.5 70 -35 -13475 140 

45 210 0.25 -210 0.75 -210 70 0.5 -210 0.5 -210 -35 -13475 140 

46 -70 0.75 -210 0.25 -70 210 0.5 -210 0.5 210 -105 40425 -280 

47 -70 0.5 -210 0.5 -70 70 0.25 -210 0.75 -210 0 9800 -140 
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 Wheel 1 Wheel 2 Model Parameters 

trial x1 p y1 1-p Outcome x2 q y2 1-q Outcome e v r 

48 210 0.5 70 0.5 70 210 0.75 -70 0.25 -70 0 9800 140 

49 210 0.5 70 0.5 210 210 0.75 -70 0.25 -70 0 9800 140 

50 210 0.5 -210 0.5 -210 210 0.25 -70 0.75 -70 0 -29400 -140 

51 210 0.5 -210 0.5 -210 70 0.25 -210 0.75 -210 140 -29400 140 

52 70 0.75 -70 0.25 70 210 0.5 -70 0.5 210 -35 15925 -140 

53 210 0.25 70 0.75 70 210 0.5 -70 0.5 210 35 15925 140 

54 210 0.5 -70 0.5 -70 210 0.75 -210 0.25 -210 -35 13475 140 

55 70 0.75 -210 0.25 -210 210 0.25 -70 0.75 -70 0 0 -280 

56 -70 0.75 -210 0.25 -70 210 0.25 -210 0.75 -210 0 29400 -280 

57 70 0.5 -70 0.5 -70 70 0.75 -210 0.25 70 0 9800 140 

58 70 0.75 -210 0.25 -210 70 0.25 -70 0.75 -70 35 -11025 -140 

59 210 0.25 -210 0.75 -210 -70 0.5 -210 0.5 -70 35 -28175 280 

60 210 0.75 -210 0.25 210 210 0.25 70 0.75 210 0 -29400 -280 

61 210 0.5 70 0.5 210 210 0.75 -210 0.25 -210 35 28175 280 

62 210 0.25 -210 0.75 -210 210 0.25 -210 0.75 -210 0 0 0 

63 70 0.5 -210 0.5 70 70 0.25 -70 0.75 -70 -35 -15925 -140 

64 210 0.25 70 0.75 70 210 0.75 -210 0.25 210 0 29400 280 

65 70 0.75 -70 0.25 -70 210 0.5 -70 0.5 -70 -35 15925 -140 

66 210 0.25 -210 0.75 210 70 0.75 -70 0.25 -70 -140 -29400 0 

67 210 0.5 70 0.5 210 210 0.5 -210 0.5 -210 140 39200 280 

68 210 0.25 70 0.75 210 210 0.5 -70 0.5 210 35 15925 140 

69 70 0.25 -210 0.75 70 70 0.5 -210 0.5 70 -70 4900 0 

70 -70 0.5 -210 0.5 -210 210 0.25 -210 0.75 -210 -35 28175 -280 

71 70 0.5 -70 0.5 70 210 0.75 -210 0.25 210 -105 28175 0 
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 Wheel 1 Wheel 2 Model Parameters 

trial x1 p y1 1-p Outcome x2 q y2 1-q Outcome e v r 

72 210 0.25 -70 0.75 -70 210 0.5 -210 0.5 210 0 29400 140 

73 70 0.75 -210 0.25 -210 210 0.5 -210 0.5 210 0 29400 -140 

74 210 0.5 70 0.5 70 210 0.75 -210 0.25 210 35 28175 280 

75 210 0.25 70 0.75 70 210 0.75 -210 0.25 210 0 29400 280 

76 210 0.75 -210 0.25 210 210 0.5 -70 0.5 210 35 -13475 -140 

77 210 0.5 -210 0.5 210 210 0.75 -210 0.25 210 -105 -11025 0 

78 70 0.5 -70 0.5 -70 210 0.5 -210 0.5 -210 0 39200 0 
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