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Executive summary 

Goal 

 To examine self-report, behavioural, electrophysiological indices of impulsivity in young 

adult gamblers and to understand the role of frontal brain regulatory processes in 

impulsive behaviour and decision making. 

Sample 

 Study 1: 461 individuals, with 12% at risk for PG behaviour (59% low risk, 30% 

moderate risk, 11% high risk) 

 Study 2: 52 individuals (subset from Study1) were recruited, with 48% (n = 25) at risk for 

PG behaviour (8% low risk, 52% moderate risk, 44% high risk).  

Results: Study 1 hypotheses 

 Individuals at risk for PG (defined by CPGI) reported gambling more frequently and 

engaging in more gambling activities, overall. 

 Individuals at risk for PG reported higher impulsivity scores across all three measures of 

impulsivity: Delay Discounting, BIS/BAS and UPPS. Impulsivity measures explained 

6% of the variance in PG risk levels, suggesting that both devaluation of rewards and 

general disinhibition of behaviour are important contributors to the development of PG 

behaviour. However, only the disinhibition measure (UPPS urgency) explained unique 

variance in PG risk. Thus, although BAS and Delay Discounting reports are useful 

measures of impulsivity, they do not seem to add any new information if the UPPS scale 

is also used for prediction. 

 Individuals’ gambling status also differentiated between gambling motivations, such that 

high and moderate risk gamblers reported gambling to cope with negative events and to 

obtain excitement more than individuals not at risk for PG. 

 Participants at risk for PG also endorsed more cognitive distortions such that higher 

levels of each type of cognitive distortion (e.g., illusion of control) increased with 

increasing risks for PG. 

 Cognitive distortions and gambling motivations explained 72% of variance in the PG risk 

level, such that gambling motivations and cognitive distortions uniquely contributed to 

the prediction. The cognitive distortion of Inability to Stop Gambling was the strongest 

predictor of PG risk levels. 

 Together impulsivity and cognitive distortions accounted for 24% of the variance in PG 

risk level, but these factors accounted for the same variance except for one subscale the 

GRCS, Gambling Expectations, which accounted for 3% unique variance.  

 Individuals at risk for PG reported significantly higher levels of stress symptoms 

compared to those not at risk. Furthermore, high risk gamblers reported higher levels of 
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negative emotionality (i.e., stress, depression, anxiety) compared to non-gamblers and 

low risk individuals.  

 Alcohol consumption was significantly higher in individuals at risk for PG, with more 

than half of participants in this group reporting harmful alcohol consumption. Results of 

this study showed that gambling behaviour was related to higher levels of alcohol 

consumption independently of negative emotionality. 

 Gambling behaviour was also related to more frequent use of maladaptive gambling 

strategies. More specifically, high risk gamblers reported engaging in self-blame and 

catastrophizing strategies more often than those not at risk or those at low risk for PG.  

 Study 2 hypotheses: Data showed that participants’ behaviour on the EEG tasks was 

driven by avoidance of losses rather than pursuit of wins. There were not significant 

differences between the groups (i.e., those at risk vs. not at risk) on any of the ERP 

measures. 

Further analyses of the ERP data will be undertaken to examine interactions and the result of 

latent component analysis as they relate to gambling characteristics. 
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Our goal was “to examine self-report, behavioural, electrophysiological indices of impulsivity in 

young adult gamblers and to understand what role frontal brain regulatory processes play in 

impulsive behaviour and decision making”. 

Study 1: Behaviour, Emotional Regulation and Gambling – Mass screening for Study2. 

Background information 

Based on self-report measures, impulsivity can be conceptualized as having two factors, rash 

impulsiveness and reward-driven impulsiveness (Dawe & Loxton, 2004: Dawe et al., 2004). The 

first factor (also called response impulsivity or behavioural (dis)inhibition) denotes the ability of 

an individual to appropriately inhibit thoughts or actions. The second factor (more often referred 

to as delay discounting) denotes the degree to which an individual’s behaviour is more controlled 

by immediate rewarding consequences than the consequences that are delayed. These facets of 

impulsivity may contribute separate variance in accounting for problem gambling or have a 

combined effect. To date, no studies have examined these effects together in relation to gambling 

severity and cognitive distortions. 

Study 1: Goals 

 Provide a database for examining behavioural/neural systems underlying gambling 

behaviour in younger populations, and from which to recruit participants for Study 2. 

 As the database approach did not work because it did not contain enough individuals 

with gambling experience, we used the database to examine models of impulsivity across 

individuals with varying gambling behaviour (from non-gamblers to high risk gamblers) 

and identify variables of interest for the analysis with the EEG data. 

  

Materials and Procedure 

Participants were recruited to participate in hour-long questionnaire session titled “A study of behavioural and 

emotional regulation in gambling.” During this session participants filled out questionnaires on gambling 

behaviour, severity, motivation and cognitions as well as impulsivity, alcohol use and mental health measures. 

Gambling severity 

The Canadian Problem Gambling Index (CPGI; Ferris & Wynne, 2001) assesses a variety of gambling 

behaviours and consequences. Nine items yields a problem gambling index score. Gamblers must have gambled in 

the past 12 months and have an index score of 3 or more. Some participants have scored 1 on this questionnaire but 

reported not to engage in any gambling activities in the past year on the Gambling behaviour questionnaire. These 

participants were relabelled not to be at risk and fall into the recreational gambler groups (theoretically they got a 

score of 1 due to some previous experience with gambling, which did not occur within the last year – as was 

specified by the CPGI). 

Gambling behaviour questionnaire asks participants to report how often they have engaged in different types of 

gambling behaviours (e.g., betting on TV show outcomes) in the past year. The questionnaire was scored for 

frequency of gambling activities (i.e., higher numbers means more frequent behaviour) and number of different 

gambling activities reported (i.e., count the number of different activities endorsed). 

Gambling motivation and cognitions. 

The Cognitive and Emotional Regulation Questionnaire (Garnefski et al., 2002) assesses cognitive emotion 

regulation strategies that are adaptive (Acceptance, Positive refocusing, Refocus on planning, Positive reappraisal, 

and Putting into perspective) and less adaptive (Self-blame, Rumination, Catastrophizing and Blaming). The alpha-

coefficients are .91 and .87 for the adaptive and less adaptive strategies, respectively. 
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The Gambling Motives Questionnaire (Dechant & Ellery, 2011) assesses motives to gamble including 

enhancement, coping, social and monetary motives.  

The Gambling Related Cognitions Scale (Raylu & Oei, 2004) measures cognitive distortions and will be 

analyzed as mediating the influence of impulsivity on gambling. The reliability is 0.91 overall. 

Impulsivity. 

The UPPS Impulsive Behavior Scale (Whiteside & Lynam, 2001) distinguishes four facets of impulsivity: 

urgency, lack of premeditation, lack of perseverance, and sensation-seeking. The UPPS Impulsivity Scale has good 

test–retest reliability and validity (Whiteside et al., 2005). 

The Delay Discounting Questionnaire (Kirby et al., 1999) examines how participants rate future rewards with 

questions. Participants are asked to choose between an immediate and a delayed reward a number of times. The k-

values (i.e., value for the steepness of the discounting curves) are provided for each question. Each participant was 

assigned a k-value by taking the geometric mean of k-values on the questions where participants started endorsing 

delayed rewards. Additionally, number of delayed choices (i.e., how many times one chose a delayed reward) were 

calculated for each participants for each level of rewards (i.e., small, medium and high) in order to obtain an 

indirect measure of the steepness of discounting curves for each of the reward sizes. A number of individuals 

reported preferring all immediate or all delayed rewards. These individuals were treated as outliers and were not 

included in the final analysis for this measure.  

The Behavioral Inhibition and Behavioral Activation Scale (BIS/BAS; Carver & White, 1994) measures 

reactions to/approach of reward (BAS) and negative affect in response to threatening cues (BIS). Alpha coefficients 

for the BIS is 0.78 and 0.68 - 0.83 for BAS scales. Almost 10% of participants did not respond to question number 

16 “When I go after something I use a "no holds barred" approach”; this question was omitted from the calculation 

of the total BAS score. 

Substance use/Mental health. 

The Alcohol Use Disorders Identification Test (AUDIT; Babor et al., 2001) will be used to assess current alcohol 

problems as it relates to impulsivity (see Stea et al., 2011). The AUDIT has demonstrated good psychometric 

properties (Allen et al., 1997).  

The Depression, Anxiety and Stress Scale (Lovibond & Lovibond, 1995) assesses depression scale, anxiety scale, 

and stress scale. This scale shows good reliability (Shea et al., 2009). 

Data analysis 

The data were analysed using SPSS 20 software. Any individuals missing more than 1% of 

responses on each questionnaire, those who completed the survey in less than 20min and those 

who had identical responses for all of the questions in at least one questionnaire (e.g., answered 

‘somewhat like me’ on all of the questions within the questionnaire) were excluded from the 

study. Individuals missing less than 1% of the data on each questionnaire (i.e., 1 item per 

questionnaire and 3 items for the UPPS measure) were included in the final analysis of the total 

scores for each measure. Only original data (i.e., no missing data) were included in the follow 

up analysis of questionnaire subscales.  

After conducting mass screening of 410 individuals, 19% (N = 81) of the participants reported 

engaging in maladaptive gambling behaviour. Majority of these participants scored in the low-

risk rage for PG (n = 59; 73%) and only 1 participant was identified as high-risk for PG.  

In order to be identified as low-risk for PG, individuals had to score at least 1 on the CPGI 

scale (i.e., anyone reporting feeling guilty about their gambling behaviour ‘sometimes’ will be 

labelled as low-risk for PG). Thus, individuals identified as low-risk and those who gamble 

recreationally can be hard to separate when examining behavioural or neurological variables. In 

order to increase the chance of finding effects in Study 2, only individuals with moderate and 

high risk gambling behaviours were recruited (i.e., extreme groups approach). Additionally, any 
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individuals with neurological (e.g., epilepsy, MS, TBI) and psychiatric (e.g., depression, 

ADHD, anxiety) conditions were excluded from Study 2 due to confounding effects of these 

conditions on ERP measures.  

Given the relatively low rate of individuals with moderate and high risk of PG (n = 12) and 

the inclusion criteria for Study 2, the mass screening approach was not useful in recruiting 

participants for the EEG session. The majority of the individuals with moderate and high risk 

gambling behaviours were recruited separately for Study 2 and asked to fill out the same 

questionnaires as participants of Study 1. As Study 2 participants were screened on number of 

variables (biasing the distribution), the distributions of demographic and health variables (e.g., 

presence of psychiatric conditions) are reported only for those recruited specifically for Study 1. 

All of the personality and individual differences data are reported using the entire sample (i.e., 

individuals recruited for Study 1 and Study 2). 

Demographics 

Two sets of analysis were conducted: broken down by gambling status (non-gambler, 

recreational and at-risk for PG) and level of risk for PG development (i.e., low, moderate or 

high). Participants in the latter group were recruited either through Study 1 or screened for Study 

2 first. Any participants recruited specifically for Study 2 were screened for 

neurological/psychiatric conditions, head injury and sex (to ensure relatively equal number of 

males and females in each group). These individuals were excluded from the analysis of 

demographic characteristics, in order to obtain an accurate picture of distributions of these 

variables in the overall population. Tables 1 and 2 present demographic data for participants 

recruited for Study 1 broken down by gambling behaviour (non-gambler, recreational gambler, at 

risk for PG) and risk level (not at risk, low risk, moderate risk), respectively. There was only one 

individual identified to be at high risk for PG behaviour: a 20 year old, right handed female with 

no neurological or psychiatric conditions, who completed the questionnaire in 30.1 minutes. She 

was not included in the analysis presented in Table 2. 

Participants were not significantly different in age across groups or time taken to complete the 

survey and on average were 20.2 years old and completed 34.2 minutes to complete the survey. 

The majority of the participants were female, right handed and reported no neurological or 

psychiatric conditions. There was a significantly higher proportion of individuals with ADHD in 

the ‘at-risk for PG’ group compared to non-gamblers or recreational gamblers, which is 

consistent with the literature (e.g., Breyer, Botzet, et al., 2009).  The majority of participants 

were White/Caucasian, and there was a significantly higher proportion of other ethnicities/races 

in the non-gambling group. When the data were broken down by CPGI label (i.e., low risk, 

moderate risk, at risk), there were no significant differences on any of the demographic variables 

across groups.  

 

Gambling behaviour and severity 

In total 461 participants were recruited for both Study 1 and Study 2. The majority of these 

participants were not at risk for PG behaviour (n = 355, 77.0%) and 14.4% (n = 51) of these 

individuals did not engage in any gambling activities. Out of 106 individuals identified to be at 

risk for PG (n = 106; 23.0%) more than half (n = 62; 58.5%) were considered to be at low risk, 

32 participants (30.2%) were at moderate risk and 12 (11.3%) were at high risk for PG. 

 

Figure 1. Percentage of participants reporting various levels of gambling behaviour. 
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There were significant differences in self-reported frequency of gambling between all of the 

groups (i.e., recreational, low risk, moderate risk and high risk gamblers) such that increased risk 

of PG behaviour was associated with more frequent gambling (F(3, 401) = 115.81, p < .001) and 

engagement in greater range of gambling activities (F (3, 406) = 76.97, p < .001; Figure 2). 

For the analysis presented in this report, the sample was divided based on reported gambling 

behaviour (i.e., non-gambler, recreational gambler and at risk for PG) and risk levels (i.e., not-at 

risk, which includes non-gamblers and recreational gamblers, and low/moderate/high risk 

groups). Non-gamblers were excluded from any of the analysis of measures of Gambling 

Motivations and Cognitive distortions. 

 

Figure 2. Average frequency and number of gambling activities reported by gamblers at 

various levels of risk. 
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Table 1. Demographic characteristics and statistical analysis (Study 1), broken by gambling behaviour (N = 410). 

 
Variable Non-gambler 

(N = 49) 

Recreational Gambler 

(N = 280) 

At risk for PG 

(N = 81) 

Statistical test 

Age* (M, SD) 

M = 20.03 (3.21) 

n = 43 

range: 18 – 37.48 

M = 20.02 (3.12) 

n = 251 

range: 18.04 – 43.05 

M = 20.43 (2.16) 

n = 68 

range: 18.25 – 27.79 

F (2, 359) = 0.54, p = .581 

Completion time (M, SD) M = 35.69 (7.84) M = 33.96 (7.03) M = 32.81 (6.48) F ( 2, 407) = 2.57, p = .078 

Sex (females; n, %) n = 40 (81.6) n = 236 (84.6) n = 72 (87.8) χ
2
 (2) = 0.94, p = .626 

Handedness (right; n, %) n = 45 (91.8) n = 253 (90.7) n = 73 (89.0) χ
2
 (2) = 0.11, p =.948 

Neurological conditions  

(self-identified; n, %) 

n = 6 (12.2) n = 40 (14.3) n = 15 (18.3) 
χ

2
 (2) = 1.06, p = .589 

Psychiatric conditions 

 (self-identified; n, %) 

n = 11 (22.4) n = 43 (15.4) n = 11 (13.4) 
χ

2
 (2) = 2.19, p = .335 

Diagnosed ADHD  

(self-identified; n, %) 

n = 1 (2.0) n = 5 (1.8) n = 5 (6.1) 
χ

2
 (2) = 6.62, p = .036* 

Smokers  

(self-identified; n, %) 

n = 2 (4.1) n = 16 (5.7) n = 8 (9.80) 
χ

2
 (2) = 2.17, p = .338 

Ethnicity (n, %) 

White/Caucasian – 

35 (71.4) 

South Asian – 4 (8.2) 

Other – 7 (14.2) 

White/Caucasian – 235 

(84.2) 

South Asia – 12 (4.3) 

East Asia – 4 (1.4) 

Middle Easter – 3 (1.1) 

Native – 3 (1.1) 

Other – 21 (7.5) 

White/Caucasian – 

71 (86.6) 

South Asian – 3 (3.7) 

East Asian – 2 (2.4) 

Hispanic – 2 (2.4) 

Other – 4 (4.9) 

χ
2
 (2) = 5.73, p = .057*** 

First Language (n, %) 

English – 46 (93.9) 

Spanish – 1(2) 

Other – 1(2) 

English – 267 (95.7) 

Spanish – 1 (1.4) 

Mandarin – 1 (1.4) 

Other Asian – 1 (1.4) 

Other – 6 (2.2) 

English – 79 (96.3) 

French – 1 (1.2) 

Polish – 1 (1.2) 
χ

2
 (2) = 0.469, p = .794 

 

*Separate N’s were reported for this variable as there was a lot of missing data. 

**Highest proportion of individuals with ADHD diagnosis was observed in the at-risk for PG group. 

***Lowest proportion of White/Caucasians was observed in the non-gambling group. 
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Table 2. Demographic characteristics of participants in Study 1 broken down by CPGI label (i.e., not at risk, low risk, moderate risk).  

Variable Not at risk 

(N = 328) 

Low risk 

(N = 59) 

Moderate risk 

(N = 22) 

Statistical test 

Age* (M, SD) 

M = 20.02 (3.10) 

n = 294 

range: 18.00 - 43.05 

 

M = 20.33 (2.15) 

n = 51 

range: 18.25 – 27.79 

M = 20.76 (2.06) 

n = 16 

range: 18.35 – 25.46 
F (2, 358) = 0.55, p = .577 

Completion time (M, SD) M = 34.21 (7.44) M = 34.06 (6.61) M = 29.58 (5.11) F (2, 406) = 2.49, p = .084 

Sex (females; n, %) n = 276 (84.1) n = 49 (83.1) n = 22 (100) χ
2
 (2) =4.13, p = .127 

Handedness (right; n, %) n = 298 (90.9) n = 52 (88.1) n = 20 (90.9) χ
2
 (2) =0.09, p = .958 

Neurological conditions  

(self-identified; n, %) 

n = 46 (14.0) n = 13 (22.0) n = 20 (90.9) 
χ

2
 (2) =3.10, p = .213 

Psychiatric conditions 

 (self-identified; n, %) 

n = 54 (16.5) n = 6 (10.2) n = 17 (77.3) 
χ

2
 (2) = 2.14, p = .343 

Diagnosed ADHD  

(self-identified; n, %) 

n = 5 (1.5) n =  4 (6.8) n = 1 (4.5) χ
2
 (2) = 6.44, p = .036 

(Low vs Moderate: χ
2
 (2) = 

0.18, p = .673) 

Smokers  

(self-identified; n, %) 

n = 18 (5.5) n = 5 (8.5) n = 3 (13.6) 
χ

2
 (2) = 2.77, p = .250 

Ethnicity (n, %) 

White/Caucasian – 

270 (82.3) 

South Asian – 16 (4.9) 

Other – 41 (12.54) 

 

White/Caucasian  - 

52 (88.1) 

South Asian – 2 (3.4) 

Other – 4 (6.78) 

 

White/Caucasian – 18 

(81.8) 

Other – 4 (18.18) 

 
χ

2
 (2) = 5.65, p = .059 

First Language (n, %) 
English – 313 (95.4) 

Other – 11 (3.40) 

English – 57 (96.6) 

Other – 2 (3.4) 

English – 21 (95.5) χ
2
 (2) = 0.45, p = .800 

 

*Separate N’s were reported for this variable as there was much missing data. 

**Highest proportion of White/Caucasians was in the low risk for PG group.  
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Hypothesis and Results  

These analyses were conducted using the data obtained from participants recruited for both 

Study 1 and Study 2. One of the goals for this study was to examine any differences in self-

reported impulsivity characteristics between gamblers and non-gamblers. It was hypothesized 

that gamblers would prefer immediate compared to delayed rewards (i.e., have steeper 

discounting curves) and generally report higher levels of impulsivity. This hypothesis was 

addressed in three steps. First, scores on the delay-discounting measures were examined to 

establish if this measure of impulsivity is sensitive to the gambling status of the individual. 

Second, a similar analysis was conducted on the other two measures of impulsivity (UPPS and 

BIS/BAS) that measure the other facet of impulsivity (response impulsivity). Finally, any scales 

that differentiated groups were entered in a regression model predicting CPGI scores to examine 

how much unique variance each measure contributes. This information was later used to guide 

the data analysis in Study 2.  

Delay Discounting 

Delay discounting describes the extent to which smaller and immediate rewards (such as 

money, drugs, etc.) are preferred over larger and delayed rewards (Ainslie, 1975; Bickel & 

Marsch, 2001). A future reward is typically valued less highly than the same reward available 

immediately (Madden et al., 1999). Choosing smaller yet more immediate rewards over larger 

but delayed rewards is considered an indication of impulsiveness. Typically, participants are 

presented with a series of hypothetical choices of a reinforcer to be had immediately, and a larger 

reinforcer available after a fixed delay. Over time, participants identify the point of indifference 

in preference between reinforcers. This point of indifference represents the subjective value of a 

delayed reinforcer. 

Unlike response impulsivity, the relation between delay discounting and addictive behaviours 

appears to be robust. Numerous studies have reported that individuals with substance use 

dependence – including cigarette (Bickel et al., 1999), heroin (Madden et al., 1997), opioids 

(Kirby et al., 1999), alcohol (Bjork et al., 2004; Petry, 2001a), cocaine (Coffey et al., 2003), 

methamphetamine (Hoffman et al., 2006) – and college students who drink heavily (Vuchinich 

& Simpson, 1998) discounted delayed rewards more rapidly than controls. Of particular interest, 

several studies have also reported that problem gamblers discounted delayed rewards to a greater 

extent than controls (Alessi & Petry, 2003; Dixon et al. 2003; Petry 2001b; Petry & Casarella, 

1999). Finally, Stea et al. (2011) recently demonstrated that low to moderate gambling problems 

among university students are more strongly associated with delay discounting than substance 

use problems. Some researchers suggest that moderately high rates of delay discounting may be 

a risk factor for developing gambling problems, with still higher rates of delay discounting 

placing an individual at risk for developing multiple impulse control problems (Petry & Madden, 

2010). It was hypothesized that individuals who engage in gambling activities will prefer a 

higher number of immediate rewards and will have higher scores on the Quick Delay 

Questionnaire (i.e., show higher levels of impulsivity on both measures of delay discounting).  

However, differences between non-gamblers, recreational gamblers, and individuals at risk 

for PG on any of the subscales of the Quick Delay Questionnaire (Figure 3) were not significant.  
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Figure 3. Means and standard deviations for the total score and the subscales of the Quick 

Delay Questionnaire broken down by gambling status.  

 

 

There were significant differences when the groups were broken down by risk level (i.e., not 

at risk, low risk, medium risk and high risk; Figure 4) such that individuals at high risk for PG 

reported higher levels of Delay Discounting and Delay Aversion compared to individuals not at 

risk and at low risk for PG (F (3, 448) = 3.02, p = .029 and F (3, 454) = 3.02, p = .029 

respectively).   

Figure 4. Means and standard deviations for the total score and the subscales of the Quick 

Delay Questionnaire broken down by PG risk level.  
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measure (i.e., delay aversion and delay discounting), suggesting that higher impulsivity in high 

risk gamblers is driven by both steeper discounting of future rewards and higher levels of delay 

aversion.  

The second measure of delay discounting, Delay Discounting Questionnaire, was developed 

to estimate the k-value, or the slope of the discounting curve. Unfortunately, this measure was 

not sensitive to either gambling status or risk level of the individuals (see Figure 5 for an 

example). Thus, only the total score for the Quick Delay Questionnaire was used to examine 

relationships between delay discounting and EEG measures.  

Figure 5. Means and standard deviations for the total score and the subscales of the Delay 

Discounting Questionnaire broken down by PG risk level. 
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We also examined two other measures of impulsivity: the UPPS and BIS/BAS. The UPPS 
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Figure 6. Means and standard deviations for the total score and the subscales of the UPPS 

broken down by gambling behaviour. 

 

 

Figure 7. Means and standard deviations for the total score and the subscales of the UPPS 

broken down by PG risk level. 
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(Figure 8). Similar effects were observed between groups of different risk; individuals not at risk 

for PG reported significantly lower impulsivity scores compared to any of the at risk groups 

(Figure 9). 

 

Figure 8. Means and standard deviations for the total score and the subscales of the BIS/BAS 

broken down by gambling behaviour. 

 

 

Figure 9. Means and standard deviations for the total score and the subscales of the BIS/BAS 

broken down by PG risk level. 
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Relationships between measures of impulsivity and CPGI score. 

Study 1 was conducted in order to generate a database of information on young adults 

gambling habits, personality and other individual difference measures. The sub-goal of gathering 

this information was to provide guidance for the analysis in Study 2, which would be done on a 

much smaller sample. Data analysis described earlier showed that individuals at risk for PG 

behaviour report higher levels of impulsivity across domains of Delay Discounting (measured 

through QDQ), BAS-Fun Seeking, and most UPPS scales. However, it is still unclear if these 

measures are tapping into different aspects of impulsivity or are all measuring the same thing. In 

order to address this question, a regression model predicting CPGI scores (i.e., PG risk level) 

from measures of impulsivity was carried out (Table 3). 

Table 3. Regression table predicting CPGI scores (i.e., risk of PG) from impulsivity measures.  

Measure β p sr
2
 

Step 1: R
2
 = 0.02, F(1,430) = 9.05, p = .003 

QDQ (delay discounting) 0.14 .003 0.02 

Step 2: R
2
 = 0.03, F(2,429) = 6.76, p = .001 (R

2
change = .01, p = .039) 

QDQ (delay discounting) 0.13 .006 0.02 

BAS Fun Seeking 0.10 .039 0.01 

Step 3: R
2
 = 0.06, F(3,426) = 5.36, p < .001 (R

2
change = 0.03, p = .005) 

QDQ (delay discounting) 0.06 .252 0.00 

BAS Fun Seeking -0.01 .944 0.00 

UPPS Urgency 0.14 .019 0.01 

UPPS Premeditation 0.08 .175 0.00 

Sensation seeking 0.09 .132 0.01 

  

The overall model was significant, such that impulsivity explained 5.9% of variance in CPGI 

scores (i.e., self-reported risk of PG behaviour). Delay Discounting and Fun Seeking (BAS) 

explained significant unique variance in PG risk level (when entered into the model together), 

suggesting that Delay Impulsivity and Fun Seeking contribute to PG risk levels independently. 

However, the third step of the model showed that UPPS Urgency taps into the same variance in 

PG risk levels and accounts for the same variance. Thus, although BAS and QDQ are useful 

measures of impulsivity, they do not seem to add any new information if UPPS scales are also 

used. Thus, UPPS measures will be used in the analysis for Study 2, as this measure appears to 

capture the most variability in gambling behaviour.  

Summary. 

It was hypothesized that individuals who engage in gambling behaviour would report higher 

levels of impulsivity across all domains. This hypothesis was supported such that individuals at 

risk for PG behaviour had higher delay discounting levels (i.e., were more impatient for delayed 

rewards) and reported being more impulsive on more general measures of this construct. 
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Furthermore, the UPPS subscale appeared to be the most general/multifaceted measure of 

impulsivity and was chosen for follow up analysis with EEG measures.  

Gambling Motivations and Cognitions. 

Individuals engage in gambling activities for a variety of reasons, including coping with 

stress, social and monetary pressures. The Gambling Motives Questionnaire is a self-report 

measure where individuals are asked to rate why they engage in gambling activities. Three 

subscales of this measure are social, coping and enhancement (i.e., ‘to feel good’) motives. 

Individuals at various levels of risk were compared on these measures to examine any group 

differences. Non-gamblers were not included in these analysis. All of the questionnaires were 

administered online and anyone who indicated that they do not gamble on the first question of 

the measure was automatically redirected to the next questionnaire. As there was no clear 

definition of gambling included with the first question and the measure was at the end of the 

questionnaire package, a number of gamblers reported that they ‘do not gamble’ and did not fill 

out the questionnaire. Thus, overall n’s for this questionnaire are rather small (recreational = 33, 

low risk = 25, moderate risk = 22, high risk = 11); nevertheless, these sample sizes are sufficient 

to examine our hypothesis. 

There were significant differences between the groups on all scales of this measure, such that 

individuals at high and moderate risk reported gambling more to fulfill enhancement and coping 

needs than individuals who were not at risk (Figure 10). Furthermore, the four groups were 

significantly different from each other on the coping subscale. When CPGI scores were predicted 

from measures of gambling motivations, 60.0% of variance was accounted for. Only the Coping 

motives subscale was uniquely predictive and explained 12.74% (p < .001) in risk for PG levels. 

 

Figure 10. Means and standard deviations of the Gambling Motivation Questionnaire 

subscale scores broken down by level of risk for PG.  

 

Note: similar effects were found with non-parametric tests. 

 

Thus, higher levels of gambling behaviour were associated with higher scores across all three 
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examination of this hypothesis it was first established that levels and types of cognitive 

distortions were indeed different between individuals with varying gambling behaviour.  

Previous research has shown that individuals at risk for PG hold a number of cognitive 

distortions that lead to their gambling behaviour (e.g., Johansson, et al., 2009; Tang & Wu, 

2010). Gambling Related Cognitions Scale was used to measure individuals’ levels of cognitive 

distortions (on a scale from 1/strongly disagree to 7/strongly agree). These subscales measured 

cognitive distortions relating to control of the outcomes: the Illusion of Control subscale (e.g., ‘I 

have specific rituals and behaviours that increase my chances of winning’), Predictive Control 

subscale (gambler’s fallacy like cognitions; e.g., ‘Losses when gambling, are bound to be 

followed by a series of wins’) and Interpretive Bias subscale (reframing consequences of 

gambling to encourage oneself to continue engage in the behaviour; e.g., ‘Relating my winnings 

to my skill and ability makes me continue gambling’). The Gambling Related Expectancies 

subscale measured individuals’ expectation of consequences of gambling (e.g., ‘Having a gamble 

helps reduce tension and stress.’). Finally, the Perceived Inability to Stop subscale was tapping 

into individuals’ perceived lack of control over their gambling habit (e.g., ‘My desire to gamble 

is so overpowering’). Similar to the gambling motivations, the scores on all of the cognitive 

distortion subscales increased with increasing levels of risk for PG levels (Figure 11; correlation 

coefficients with CPGI scores ranged from 0.30 to 0.54, all p’s < .001). Similar effects were 

found with non-parametric correlations.  

 

Figure 11. Means and standard deviations of scores on the GRCS broken down by risk for PG 

levels. 

 

Note: non-gamblers were not included in this analysis. 
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associated with only some single gambling motive or cognitive distortions. To examine if these 

variables are sensitive to the same variance across the groups, we predicted CPGI scores from 

these measures using a hierarchical regression model. Cognitive distortions associated with 

gambling were entered at the first step and gambling motivations on the second for the first 

regression model (Table 4), and vice versa for the second (Table 5).  

Table 4. Hierarchical egression model predicting PG risk level (i.e., CPGI scores) from 

measures of (1) cognitive distortions (i.e., GRCS) and (2) gambling motivations (i.e., GMQ) 

Measure β p sr
2
 

Step 1: R
2
 = 0.86, F(5,74) = 42.84, p < .001 

Gambling Expectations (GRCS) 0.03 .789 0.00 

Illusion of Control (GRCS) 0.07 .515 0.00 

Predictive Control (GRCS) -0.00 .996 0.00 

Inability to Stop Gambling (GRCS) 0.76 .000 0.21 

Interpretive Bias (GRCS) 0.05 .626 0.00 

Step 2: R
2
 = 0.88, F(8,71) = 29.55, p < .001 (R

2
change = 0.03, p = .056) 

Gambling Expectations (GRCS) -0.08 .496 0.00 

Illusion of Control (GRCS) 0.03 .825 0.00 

Predictive Control (GRCS) -0.01 .924 0.00 

Inability to Stop Gambling (GRCS) 0.80 .000 0.23 

Interpretive Bias (GRCS) 0.01 .942 0.00 

Enhancement (GMQ) 0.04 .644 0.00 

Coping (GMQ) 0.12 .225 0.00 

Social (GMQ) 1.00 .196 0.01 

 

Table 5. Regression model predicting PG risk level (i.e., CPGI scores) from measures of (1) 

gambling motivations (i.e., GMQ) and (2) cognitive distortions (i.e., GRCS). 

Measure β p sr
2
 

Step 1: R
2
 = 0.57, F(3,76) = 12.31, p < .001 

Enhancement (GMQ) 0.13 .363 0.01 

Coping (GMQ) 0.46 .001 0.11 

Social (GMQ) 0.03 .786 0.00 

Note: Step 2 values are identical to Table 4: Step 2.  

Cognitive distortions and gambling motivations together explained 71.4% of variance in the 

CPGI score (p < .001). Interestingly, gambling motivations accounted for 36.4% on their own 
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and cognitive distortion accounted for 17.3% unique variance. Furthermore, the two predictors 

overlapped 17.7% in the predicted variance in the CPGI scores. Thus, these two measures 

explained similar variance in the CPGI scores. Although, gambling motivations did not reach 

significance as predictors in the regression model (p = .076), the overall model including 

measures of cognitive distortions was significant overall (p < .001).  When all of the measures 

were examined together, cognitive distortion of Inability to Stop gambling was the strongest 

predictor of CPGI scores (unique variance: 19.36%, p <.001). Based on these analysis, Inability 

to Stop Gambling subscale was included in the Study 2 analysis with EEG data. It was also 

hypothesized that higher impulsivity would be related to higher levels of cognitive distortions. 

This hypothesis was supported as all of the correlations (parametric and non-parametric) between 

UPPS subscales and measures of cognitive distortions were significant (Table 6). 

 

Table 6. Correlations between measures of cognitive distortions (i.e., GRCS) and impulsivity 

(i.e., UPPS). 

 Urgency 

(UPPS) 

Premeditation 

(UPPS) 

Sensation Seeking 

(UPPS) 

Gambling Expectations (GRCS) 0.14** 0.05 0.12** 

Illusion of Control (GRCS) 0.14** 0.03 0.08* 

Predictive Control (GRCS) 0.13** 0.01 0.13** 

Inability to Stop Gambling (GRCS) 0.10* 0.03 0.07 

Interpretive Bias (GRCS) 0.14** 0.04 0.12** 

* p < .05 ** p < .001 

 Finally, in order to examine if these relationships are driven by differences in gambling 

behaviour, another regression model was conducted predicting total CPGI score from UPPS 

subscales and measures of cognitive distortions (Table 7).  
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Table 7. Hierarchical egression model predicting PG risk level (i.e., CPGI scores) from 

measures of (1) impulsivity (i.e., UPPS) and (2) cognitive distortions (i.e., GRCS). 

Measure β p sr
2
 

Step 1: R
2
 = 0.24, F(3,370) = 7.55, p < .001 

Urgency (UPPS) 0.18 .001 0.03 

Premeditation  (UPPS) -0.05 .421 0.00 

Sensation Seeking (UPPS) 0.16 .002 0.02 

Step 2: R
2
 = 0.43, F(8,365) = 10.11, p < .001 (R

2
change = 0.12, p < .001) 

Urgency (UPPS) 0.09 .097 0.01 

Premeditation  (UPPS) -0.01 .888 0.00 

Sensation Seeking (UPPS) 0.09 .080 0.01 

Gambling Expectations (GRCS) 0.29 .000 0.03 

Illusion of Control (GRCS) -0.07 .427 0.00 

Predictive Control (GRCS) 0.09 .307 0.00 

Inability to Stop Gambling (GRCS) -0.10 .144 0.01 

Interpretive Bias (GRCS) 0.13 .129 0.01 

 

The model was significant overall and accounted for 24.0% of the variance in CPGI scores 

and cognitive distortions accounted for 12.4% of variance over and above UPPS measures (i.e., 

R
2

change = 0.12) . When all of the measures were entered together, only cognitive distortions of 

Gambling Expectation (3.0%, p<.001) was uniquely predictive. Thus, both measures are useful 

in identifying individuals at risk for PG behaviour such that higher levels of impulsivity and 

cognitive distortions correlate with increased risk for PG, further supporting our hypothesis. 

One of the goals for Study 1 was to examine the relationships between impulsivity, cognitive 

distortions, gambling motivation and PG risk levels in order to identify variables of interest for 

Study 2. It appears that all of three of these individual difference components are important for 

prediction and understanding on PG behaviour, such that higher levels of impulsivity and 

cognitive distortions and poorer coping strategies predicted higher risk for pG. Thus, all three 

measures will be included in the final analysis with the EEG measures. More specifically, as the 

statistical analyses in Study 2 were restricted due to smaller sample size, only specific subscales 

from each measure would be used in Study 2. As Inability to Stop Gambling, Coping motives 

and UPPS subscales appeared to be the strongest predictors of risk for PG, these constructs 

would be further examined in Study 2, in order to establish a link with neural correlates.  

Summary. 

The results of the analysis in this section were consistent with initial hypothesis such that 

higher risk of PG behaviour was associated with higher levels of cognitive distortions and 

gambling motivations. Strongest predictors of PG risk were measures of Coping motives and 



20 
 

Inability to Stop Gambling cognitive distortion. It should be noted that measures of cognitive 

distortions explain more variance in PG risk levels compared to gambling motivations; thus, it is 

possible that gambling motivations arise out of cognitive distortions, which then lead to 

maladaptive gambling behaviour. As was hypothesized, increased levels of cognitive distortions 

were also related to higher impulsivity levels. Overall, impulsivity was the weakest contributor 

to prediction of PG risk levels, once cognitive distortions and gambling motivations were 

accounted for.  

Alcohol use, mental health and coping strategies.  

 Previous research has shown that gambling behaviour is often associated with increased 

alcohol use (Baron & Dickerson, 1999). In our study, participants’ drinking behaviour was 

assessed through AUDIT questionnaire, such that higher scores means higher alcohol 

consumption. Based on the total scores on the AUDIT participants were divided into ‘non-

drinker’, ‘recreational drinker’ and ‘harmful alcohol consumption’ groups.  Non –gamblers, 

recreational gamblers and individuals at risk for PG were significantly different on levels of 

alcohol consumptions, such that gambling behaviour was associated with higher levels of 

drinking.  Furthermore, individuals who were not at risk or were at low risk for PG, did not 

significantly differ on levels of alcohol consumption, consuming significantly less than 

individuals at moderate or high risk. When the data set was broken down by gambling behaviour 

and alcohol consumption groups, it became apparent that majority of individuals within non-

gambling and recreational gambling groups fell into the recreational drinker category. There 

were no individuals who did not drink in the ‘at risk for PG’ groups, with half or more 

individuals in each group reporting harmful alcohol consumption (Figure 12). 

Figure 12. Percentages of individuals who reported not to drink, drink recreationally or have 

harmful alcohol consumptions, broken down by gambling behaviour and risk.  
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Alcohol is often used as a maladaptive coping strategy (i.e., self-medication) for stress, 

anxiety and depression. In order to examine any such relationships in our sample, we first 

examined if there were any differences in self-report of stress, depressive and anxiety symptoms 

(i.e., DASS measure) between the groups. The DASS consist of three subscales: depression, 

anxiety and stress. Each subscale measures the characteristics representing each of these negative 

states, such that higher scores mean higher number of symptoms. Individuals at risk for PG 

reported significantly higher levels of stress compared to the other two groups (i.e., non-

gamblers and recreational gamblers) and, interestingly, recreational gamblers reported lower 

levels of depressive symptoms compared to non-gamblers (Figure 13). Furthermore, High risk 

and moderate risk gamblers reported significantly higher stress levels compared to not-at-risk 

and low-risk individuals. High risk individuals also reported more anxiety and depressive 

symptoms compared to no-risk and low risk groups. Thus, it appears that individuals who engage 

in maladaptive gambling behaviour experience more stress symptoms; more generally, those 

who reach high levels of risk of PG experience more symptoms of negative emotional states.  

 

Figure 13. Means and Standard deviation for the Depression, Anxiety and Stress Scale (i.e., 

DASS).  

  

In order to examine if alcohol consumption is used as a method of coping with negative 

emotions/experiences. Additionally, we wanted to examine if the relationship between PG risk 

levels and alcohol consumption was explained by reports of negative emotional states (i.e., 

DASS).  Thus, CPGI scores were entered as the second step of the model (Table 8).  
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Table 8. Hierarchical regression model predicting alcohol consumption (i.e., AUDIT) from 

reports of negative emotional states (i.e., DASS) and PG risk level.  

Measure β p sr
2
 

Step 1: R
2
 = 0.16, F(3, 443) = 6.64, p = .013 

Depression -0.03 .670 0.00 

Anxiety 0.17 .107 0.01 

Stress 0.01 .853 0.00 

Step 2: R
2
 = 0.23, F(4,442) = 5.90, p < .001 (R

2
change = 0.03, p < .001) 

Depression -0.04 .566 0.00 

Anxiety 0.16 .019 0.01 

Stress -0.01 .938 0.00 

CPGI 0.17 <.001 0.03 

 

Negative emotionality accounted for 15.5% of variability in alcohol consumption, whereas 

PG risk levels accounted for 3% of the variance in alcohol consumption. Only PG risk level (i.e., 

CPGI) accounted for significant unique variance in alcohol consumption (i.e., the AUDIT 

scores). Thus, gambling behaviour is related to alcohol consumption independently of negative 

emotionality.  

It has been previously suggested that individuals engage in gambling behaviour as a means to 

cope with stress and other negative emotional states (Lightsey, et al., 2002; Wood & Griffiths, 

2010). Thus, it would be expected that individuals who engage in maladaptive gambling 

behaviour will also report fewer adaptive coping strategies. The Cognitive Emotion Regulation 

Questionnaire (CERQ) is a measure of cognitive strategies individuals use to cope with negative 

emotions such as anxiety and depression. Cognitive approaches of self-blame, rumination, 

catastrophizing and lower use of positive reappraisal has been shown to relate to symptoms of 

depression and anxiety (Garnefski & Kraaij, 2007).  CERQ additionally has subscales of 

Acceptance (e.g., ‘I think that I have to accept that this had happened’), Positive refocusing (e.g., 

‘I think of nicer things than what I have experienced'), Blaming others (e.g., ‘I think about the 

mistakes others have made in this matter’), Putting things into perspective (e.g., I think that it all 

could have been much worse’) and Refocus on Planning (e.g., ‘I think of what I can do best’). 

The following correlations between DASS and CERQ subscales were conducted in order to 

establish that this measure is related to negative emotionality in our sample (Table 9).  
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Table 9. Correlation coefficients between DASS and CERQ subscales. 

 Stress Anxiety Depression 

Direct relationships    

Acceptance .08 .14** .12* 

Rumination .34** .37** .35** 

Self-blame .33** .37** .44** 

Catastrophizing .41** .40** .43** 

Blaming others .12* .05 .03 

Indirect relationships    

Positive reappraisal -.18** -.19** -.30** 

Positive refocusing -.11* -.08 -.18** 

Putting into perspective -.14** -.15** -.23** 

Refocus on planning -.10* -.14** -.24** 

   *p < .05 **p <.001 

As expected, coping strategies were related to measures of negative emotionality, such that 

participants who engaged in strategies of Acceptance, Rumination, Self-blame and 

Catastrophizing reported higher levels of anxiety and depression. Positive reappraisal, 

reinforcement, perspective taking and refocusing on planning strategies were associated with 

lower levels of negative emotionality.   

We then examined if use of these strategies differed by gambling behaviour (Figure 14) and 

risk levels (Figure 15). It was hypothesized that individuals at risk for PG would engage in fewer 

adaptive coping strategies. Recreational gamblers reported using catastrophizing more as a 

coping strategy compared to non-gamblers and resorted to blaming others as a coping strategy 

significantly less than individuals at risk for PG. Furthermore, participants in the ‘high risk for 

PG’ group reported engaging in self-blame and catastrophizing as coping strategies significantly 

more than those not at risk or at low risk for PG. Thus, as expected only maladaptive coping 

strategies differentiated among individuals based on gambling status.  
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Figure 14. Means and standard deviations of CERQ subscales broken down by gambling behaviour.  

 

 

Figure 15. Means and standard deviations of CERQ subscales broken down by PG risk levels.
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It was also hypothesized that poorer emotion regulation strategies and higher impulsivity will be related 

to cognitive distortions. Analysis presented earlier in the report established a link between cognitive 

distortions and impulsivity in the hypothesized direction (i.e., higher impulsivity related to higher levels of 

cognitive distortions). A series of correlations were conducted to examine the relationships between 

measures of impulsivity and coping strategies. Higher levels of rash and delay impulsivity (the UPPS and 

QDQ total scores) were significantly related to higher use of self-blame, catastrophizing and blaming 

others as coping strategies (Table 10).  

 

Table 10. Correlation coefficients between measures of rash (UPPS) and delay (QDQ) impulsivity with 

use of coping strategies. 

 

CERQ Subscale UPPS QDQ 

Acceptance -.02 -.03 

Rumination .02 .04 

Self-blame .09** .07* 

Catastrophizing .12** .09* 

Blaming others .10* .10** 

Positive reappraisal -.07* -.02 

Positive reinforcement -.01 -.02 

Putting into perspective -.07* -.05 

Refocus on planning -.13** .00 

    *p < .05 **p <.001 

 

Alcohol use, mental health and coping strategies: Summary 

In our sample, individuals who were at risk for PG behaviour reported consuming more alcohol 

compared to recreational gamblers and non-gamblers.  More than half of participants with moderate and 

high risk levels for PG reported engaging in harmful alcohol consumption.  Participants in the ‘at risk’ 

group also reported experiencing more symptoms of stress and those with high risk levels experienced 

more symptoms of negative emotional states in general (i.e., stress, anxiety and depression).  Gambling 

behaviour was related to more frequent alcohol consumption independently of experience of negative 

emotions. Examination of coping strategies used by individuals in this sample showed that individuals at 

risk for PG engaged in blaming others more than recreational gamblers. Furthermore, individuals at high 

risk for PG also reported using self-blame and catastrophizing strategies more often than those not at risk 

or at low risk for PG. Thus, as hypothesized, only use of maladaptive coping strategies differentiated 

between gambling status of the individual. 
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Study 2: Event-Related Potentials, Individual Differences and Gambling Behaviour. 

Background Information. 

Study 2 was conducted to ‘provide insight into the role of prefrontal cortex regulatory control of 

approach and avoidance drives in impulsivity elicited during an emotionally frustrating task and during 

reward evaluation’. A smaller subset of participants was selected for their gambling and impulsivity 

scores to complete ERP testing to determine the neural systems driving gambling behaviour. 

Methods. 

Participants were initially selected from the databased provided by Study 1. In order to make the effects 

between PG risk and measures of individual differences, only individuals at moderate or high risk of PG 

were recruited for the study. Participants were also screened for any neurological and psychiatric 

conditions. As there was only 1 high risk gambler in the Study 1 database, additional online ads (i.e., 

Kijiji) were used to recruit participants for Study 2. All of the participants recruited for Study 2 also 

completed the questionnaire package from Study 1.  

Participants. 

There were 25 participants in the ‘at risk for PG’ group (PG), the age ranged between 19 and 42 years 

old (M = 24.64, SD = 5.89) and were mostly female (n=14, 56%). There were two participants who scored 

in the low risk group
1
, 13 who fell into the moderate risk group and 11 participants at high risk for PG. 

Individuals not at risk for PG (n=27) were on average 25.14 years old (SD = 5.18, range: 19 to 37) and 

were also mostly female (n = 16, 59%). The groups were not significantly different in age (t (46) = 0.47, p 

= .499) or distribution of males to females (χ
2
(2) = 0.13, p =.936).  

Tasks. 

The Delay Discounting Reward task (DDR). Participants were told that on this task, their winnings 

would be divided into three pots, with different delay periods. Each trial began with a cue (500 ms) 

signifying the delay (alarm clock: no delay; hour glass: delay of 1 week; calendar: delay of 1 month) 

associated with the trial. In the reward condition, participants would gain money with a timely response 

(i.e., while the target, word GO was on the screen; ~280 ms), whereas in the penalty condition, they would 

avoid a loss. The feedback was presented for 1 second in a form of the delay cue (i.e., alarm clock, 

hourglass or calendar) with a colored background (reward: green; penalty: red). The task was designed to 

adjust based on participants’ performance (-10ms following a win and +20ms following a loss) to ensure a 

2/3 reward rate. At the end of the task participants were paid the highest amount they won across the three 

‘pots’, regardless of the delay period. The task took approximately 1 hour to complete. 

Go/No-Go task (GNG). On this task, participants were told that their winnings depended on their timely 

and accurate response. In standard go/no-go paradigms, participants have to respond as quickly as possible 

to frequently occurring ‘Go’ stimuli, and to inhibit responses to infrequent ‘No-go’ stimuli. Participants 

were instructed to click the button for a letter presented but to avoid clicking when a letter is repeated a 

second time in succession. The no-go error rate for the task is typically maintained at 50 ± 10% by 

adjusting the stimulus duration (and thus the intertrial interval) dynamically. Stimulus duration is 

increased with each error made on a no-go trial and decreased with each correct response (on no-go trials 

that followed correct go trials only). This is intended to provide the same level of challenge for all 

                                                           
1
 Although these participants scored within the moderate range on the initial screening, their scores on the CPGI questionnaire 

on the day of the session placed them in the low risk group.  
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participants. Following Lewis et al. (2006), three blocks of trials were presented: A, B, and C. Different 

pairs of similarly shaped letters were used for each block to enhance novelty and differentiate each block. 

Every 30 trials, an on-screen window displays the points participants earn for correct responses. Points are 

added for correct no-go responses and deducted for response errors on both go and no-go trials. Error 

feedback was provided by a red bar in the middle of the screen following incorrect responses, omitted 

responses, and late responses (duration: 1 second with ISI of 1 second). 

Procedure. 

The testing session took about three hours, including set up of the EEG net. Participants who were 

recruited only for Study 2 were asked to fill out the questionnaire package during the fitting of the net. A 

128-channel gel EGI net was used for EEG recording. Once the net was set up, participants were shown 

their EEG on the screen and asked to complete two tasks (i.e., the DDR and GNG). The order of the tasks 

was counterbalanced across participants. After the tasks were completed, the net was taken off and 

participants were debriefed regarding the hypothesis of the study.  

EEG data was analysed using Brain Vision Analyser. In the DDR task, data was segmented around the 

onset of feedback with a 200ms baseline (i.e., 1200ms in length). In the GNG task, no-go error segments 

were done around the response times with a 600 ms baseline (i.e., 1600ms in length). Each segment was 

then scored at midline channels (Fz, FCz, Cz and CPz) by taking the average amplitude within the times 

of FRN/ERN and P3/Pe. In order to account for individual differences and jitter, three time periods were 

measured for the FRN (200-230; 230-260, 240-280ms)/ERN (20-60, 60-100, 38-94ms) peaks and four for 

the P3 (300-330, 330-360, 350-380, 370-410ms)/Pe (150-190, 190-230, 230-304, 190-310ms) peaks. The 

analysed amplitudes represent maximum negative (ERN/FRN) or positive (P3/Pe) amplitude found across 

the measured epochs for each channel and each condition of the tasks. Based on previous literature, FCz 

and Cz were chosen for the analysis, as the FRN and ERN are maximal at these sites.  

Hypothesis and Results.  

Behavioural Data. It was hypothesised that gamblers will have faster response times (RTs) on the GNG 

task, especially in the last block. To examine this hypothesis a mixed 2(group) x 3(block) ANOVA was 

conducted on the response times on the NoGo errors (i.e., rash responses). There were no significant 

differences in the groups’ RTs on the GNG task (p = .294); however, there was a significant difference in 

RTs between blocks such that participants were slowest at committing NoGo errors in Block 2 (emotional 

block; p < .001). Similarly, there was no difference in RTs based on the delay period or group status for 

reward trials in the DDR task (delay: p = .222; group: p = .202). Interestingly, there was a significant 

effect of delay on RTs in the penalty trials (p = .038), such that fastest RTs were observed on the 

immediate penalty trials. There were no group differences in the RTs on the penalty trials. These results 

suggest that participants were more motivated by avoiding losses than gaining rewards. Thus, the 

hypothesis regarding faster response times (i.e., motor impulsivity) for gamblers was not supported.  

Finally, it was also hypothesized that gamblers will have lower accuracy on the GNG task, primarily 

for the emotional block. Another 2(group) x 3(block) mixed ANOVA was conducted to examine this 

hypothesis. Contrary to our hypothesis, accuracy was highest in Block 2 (p < .001) in both groups (p = 

.294). Block 2 was harder in difficulty (i.e., shorter ISIs) and had higher penalty for errors. Thus, 

consistent with RT data, participants in this sample seemed to be driven by avoidance of losses rather than 

excitement of rewards.  
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Data Analysis. 

Event-related Potentials (ERP) analysis. 

The average amplitude of the feedback-related negativity (FRN) observed in the DDR task and Error-

Related Negativity (ERN) elicited in the GNG task were used as measures of medial prefrontal cortex 

activations. The overlays of the waveforms for the DDR task (Figures 16 to 18) and GNG task (Figure 19) 

showed that the two groups were not very different in their neural responses to feedback or commitment 

of errors.  

 

 

Figure 16. Averaged ERP waveforms in the DDR task observed on the Now-delay trials. 
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Figure 17. Averaged ERP waveforms in the DDR task observed on the Week-delay trials. 
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Figure 18. Averaged ERP waveforms in the DDR task observed on the Month-delay trials. 

 

 

Figure 19. Averaged ERP waveforms observed after the No-go error trials in the GNG task. 
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A mixed 2 (group: PG/nPG) x 3 (delay: now/week/month) x 2 (valence: win/loss) x 2 (site: FCz/Cz) 

ANOVA was conducted to examine any group differences in the average amplitude of the FRN in the 

DDR task. It was hypothesized that all participants will have larger FRN amplitude for losses compared to 

wins on all trials and that gamblers will have larger FRN compared to those not at risk. FRN amplitude 

significantly increased with increasing delay of the outcome, such that largest FRNs were observed 

following outcomes a month away (F (2,100) = 36.89, p < .001). As hypothesised losses were followed by 

a larger FRN compared to wins regardless of group membership (F (1,50) = 6.78, p = .012). Contrary to 

our hypothesis there were no group differences in the FRN amplitude in this task (F (1,50) = 14.79, p = 

.410). Figure 20 shows average FRN amplitude broken down by group to illustrate these effects. 

Figure 20. Means and standard deviations of the average FRN amplitude observed in the DDR task,  

 

Prior to conducting the analysis with the ERPs obtained in the GNG task, a series of correlations were 

performed to establish that ERN and FRN amplitudes were positively correlated (i.e., validity check). 

Previous research shows that these two components have similar generators and usually have comparable 

amplitudes (Potts, Martin, Kamp, & Donchin, 2010). All of the measures of the FRN in the DDR task 

were positively correlated with the ERN (r range: 29 to .44, p range: .006 to .039), suggesting the two 

indexes measure similar neural response as expected.  

The data analysis form the GNG task showed that there were no significant differences between the 

groups on the average ERN amplitude (F (1,49) = 0.67, p = .419) or the Pe amplitude (F (1,50) = 1.49, p = 

.227). Thus, the hypothesis about larger N2 components (i.e., FRN and ERN) in gamblers was not 

supported. However, it is possible that dichotomizing the groups based on their CPGI scores reduced the 

variance within our sample. Thus, we conducted a series of correlations between the EEG measures and 

gambling risk level (i.e., CPGI scores). There were no significant correlations between PG risk level and 

any of the ERP measures. 

ERPs, Individual Differences and Gambling Behaviour. 

It was hypothesized that compared to control participants, gamblers will use poorer regulation 

strategies and this will negatively relate to the amplitude of the ERN and loss FRN. This hypothesis was 

examined with a series of correlations between previously identified measures of coping strategies (i.e., 

catastrophizing, self-blame and blaming others subscales of the CERQ) and ERP measures (Table 11). 

There were no significant correlations between any of the variables.  
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Table 11. Correlation coefficients between measures of coping and ERPs. 

ERP Measure Self – Blame Catastrophizing Blaming Others 

DDR task    

Lose Now (FCz) .08 .06 .07 

Lose Now (Cz) -.03 .06 .05 

Lose Week (FCz) .07 .04 .20 

Lose Week (Cz) -.09 -.04 .10 

Lose Month (FCz) .10 -.01 .03 

Lose Month (Cz) .02 -.04 .05 

GNG task    

No-go ERN (FCz) -.16 -.07 -.07 

No-go ERN (Cz) -.12 -.15 -.08 

  Note: p-values ranged from .115 to .866  

We also repeated these analysis within the PG group only, to examine if the relationships are more 

obvious within this group, as these individuals reported engaging in these strategies more compared to 

those not at risk for PG. There was only one significant relationship, such that more frequent use of 

blaming others as a coping strategy was associated with FRN observed on the ‘loss in a week‘ trials. Thus, 

the hypothesis regarding the relationships between ERP measures and coping strategies was not 

supported.  

It was also hypothesized that the two factors of impulsivity (i.e., response and choice impulsivity) will 

be the best predictor of gambling severity, regulation and cognitive distortions. A series of regressions 

were conducted predicting these variables from self-report measures of impulsivity (i.e., UPPS) and ERP 

measures (i.e., FRN and ERN). First regression predicting PG risk levels form measures of impulsivity 

showed that self-report and ERP measures of impulsivity were not significant predictors of PG risk level 

(Table 12). However, it should be noted that predictive power of the self-report measure (i.e., UPPS) 

increased when ERP measures were entered into the model (from sr
2 

=.14 to sr
2
 = .18) suggesting that 

ERP variables contribute to the prediction of PG risk levels, albeit non-significantly in this sample 
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Table 12. Regression coefficients predicting PG risk level (i.e., CPGI scores) from measures of self-

report (i.e., UPPS) and ERP measures of impulsivity (i.e., FRN and ERN).  

Measure β p sr
2
 

Step 1: R
2
 = 0.38, F(1,45) = 7.60, p = .008 

Urgency (UPPS) 0.38 .008 .14 

Step 2: R
2
 = 0.53, F(8,38) = 1.83, p = .103 (R

2
change = 0.13, p = .448) 

Urgency (UPPS) 0.47 .004 .18 

Win-now (FRN) 0.01 .982 .00 

Win-week (FRN) 0.60 .186 .03 

Win-month (FRN) -0.27 .451 .01 

Lose-now (FRN) -0.52 .100 .05 

Lose-week (FRN) 0.11 .726 .00 

Lose-month (FRN) 0.21 .477 .01 

No-go error (ERN) 0.09 .566 .01 

 

As majority of the hypothesized effects with ERP variables were not found in this sample, it was 

decided to conduct a series of correlations between ERP measures and emotion regulation strategies as 

well as cognitive distortions prior to conducting more detailed analysis of regression. There were no 

significant correlations between any of the ERP variables and measures of coping strategies or cognitive 

distortions. Thus, no further analysis was conducted and it was concluded that the hypothesis regarding 

predictive validity of ERP measures was not supported.  

Summary and Limitations. 

It appears that in our sample ERP measures of prefrontal cortex activation were not statistically useful 

in predicting gambling behaviour despite the differences in the waveforms being in the expected direction. 

However, it is too early to conclude that these measures are of no use in identifying participants at risk as 

there were a number of limitations in this study. Firstly, the participants had to be recruited specifically for 

this study and were not naïve to the overall theme of the study (i.e., gambling behaviour). This would not 

have been an issue of concern as participants for Study 1 also were aware that gambling behaviour was 

being examined; however, there were a number of individuals whose answers on the screening interview 

and questionnaires during the recording session did not match. The majority of the participants were 

recruited by a word of mouth from individuals who participated in the study. Participants were 

compensated monetarily for their time as well as performance on the tasks, so it was also possible that 

some individuals were not honest when answering the questionnaires in order to be eligible to participate 

in the study. 

Apart from recruitment problems, the average amplitude measure for the ERP components used for the 

analysis was not the most sensitive. Previous effects of FRNs and gambling behaviour were seen with 

timing of the peak (i.e., latency; Oberg, et al., 20121) rather than amplitude, so further examination of the 

data is needed. Finally, scalp recordings (i.e., EEG) represent a number of mixed signals from several 
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neural networks. Recent advances in technology has allowed us to decompose EEG data into its more 

basic components based on limitations of the neural network (i.e., assumptions of stationarity of the 

sources are made during the decomposition). These simpler components, referred to as independent 

components, are a more precise measure of activation of certain brain areas of interest (e.g., medial 

Prefrontal Cortex) and might prove to be a stronger predictor of gambling behaviour. Further data analysis 

is being conducted to explore the potential usefulness of advanced methods in this field. 
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