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Abstract 

Slot machines are among the most addictive forms of gambling, and pathological gambling slot machine players 
represent the largest group of treatment seekers, accounting for 35% to 93% of the population. Pathological 
gambling sufferers have significantly higher response frequency (games / time) on slot machines compared with 
non-problem gamblers, which may suggest increased reinforcement of the gambling behavior in pathological 
gambling. However, to date it is unknown whether or not the increased response frequency in pathological 
gambling is associated with symptom severity of the disorder. This study tested the hypothesis that response 
frequency is associated with symptom severity in pathological gambling. We tested response frequency among 
twenty-two pathological gambling sufferers and twenty-one non-problem gamblers on a commercially available 
slot machine, and screened for pathological gambling symptom severity using the South Oaks Gambling Screen 
(SOGS). The results showed that pathological gambling sufferers had significantly higher response frequency 
than non-problem gamblers, and that response frequency was significantly correlated with SOGS symptom 
severity among pathological gambling sufferers. Finally, binary logistic regression showed that response 
frequency accurately identified 21 (95.5%) pathological gambling sufferers and 18 (85.7%) non-problem 
gamblers. The correlation between response frequency and SOGS may suggest a stronger reinforcement of 
gambling behavior in individuals with exacerbated pathological gambling symptoms. These findings may have 
important implications for detecting behaviors underlying pathological gambling. 
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1. Introduction 

Slot machines are among the most addictive forms of gambling (Parke & Griffiths, 2006a; Parke & Griffiths, 
2007), and pathological gambling slot machine players represent the largest group of treatment seekers, 
accounting for 35% to 93% of the population. (Linnet, 2009; Meyer, Hayer, & Griffiths, 2009; Petry, 2003).  

The so-called structural characteristics of slot machines are believed to contribute to the risk of developing 
pathological gambling (Griffiths, 1999; Parke & Griffiths, 2006a; Parke & Griffiths, 2007). Structural 
characteristics that reinforce gambling behavior are particularly interesting, as they may be associated with 
pathological gambling. These include frequent small gains and “near misses” (Dixon & Schreiber, 2004; 
Kassinove & Schare, 2001; MacLin, Dixon, Daugherty, & Small, 2007), big wins (Kassinove & Schare, 2001; 
Weatherly, Sauter, & King, 2004; Wohl & Enzle, 2003), and manipulation of symbol sequence and contingencies 
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(Haw, 2008; Ladouceur & Sevigny, 2002; Ladouceur & Sevigny, 2005; Young, Wohl, Matheson, Baumann, & 
Anisman, 2008; Zlomke & Dixon, 2006).  

While most studies have investigated slot machine gambling behavior among non-problem gamblers, it is 
important to identify behavior, which differentiates pathological from non-problem gambling. Studies 
investigating differences in slot machine gambling behavior show that pathological gamblers play a higher 
number of games, spend more time gambling, and have a higher response frequency (games / time) than 
non-problem gamblers (Choliz, 2009; Griffiths, 1994; Linnet, Thomsen, Møller, & Callesen, 2010). In one study 
Griffiths (1994) found that regular slot machine players, who played slot machines at least once per week, had a 
significantly higher response frequency, or play rate (games per minute), than non-regular slot machine players, 
who played slot machines once a month or less. Similar findings were reported by Linnet et al. (2010) in a study 
comparing pathological gambling sufferers with non-problem gamblers. These results may suggest an increased 
reinforcement of gambling behavior in pathological gambling, and that the response frequency may be an 
important measure in differentiating pathological gambling from non-problem gambling behavior on slot 
machines. However, no previous studies have investigated whether or not increased response frequency is 
associated with the severity of pathological gambling symptoms.  

This study compared pathological gambling sufferers (PGS) and non-problem gamblers (NPG) playing a 
commercially available slot machine. We hypothesized that pathological gambling sufferers would have a 
significantly higher response frequency (i.e., button presses per minute) than non-problem gamblers, and that 
response frequency would be associated with symptom severity on the South Oaks Gambling Screen (SOGS). 
Finally, we tested the hypothesis, that pathological gambling sufferers and non-problem gamblers could be 
classified based on their response frequency.  

2. Methods and Materials 

2.1 Participants 

Twenty-two pathological gambling sufferers (seven women and 15 men) were recruited for the study. 
Pathological gambling sufferers were included in the study if they scored five or higher on the South Oaks 
Gambling Screen (SOGS), were actively gambling, and primarily gambled on slot machines. One self-declared 
pathological gambler had a SOGS score of four, but was included in the study after assessment with the DSM-IV 
criteria. Pathological gambling sufferers had to be active gamblers to be included in the study, i.e., having 
gambled within the past month. The majority of pathological gambling sufferers received treatment at the time of 
participation. For these participants controlled gambling behavior was the stated or achieved treatment goal. 
Controlled gambling behavior is a broadly accepted therapeutic goal (Blaszczynski, McConaghy, & Frankova, 
1991; Dowling & Smith, 2007; Dowling, Smith, & Thomas, 2009; Ladouceur, 2005).  

We recruited twenty-one non-problem gamblers (12 women and nine men) through local newspaper 
advertisement. To be included participants had to have a SOGS score below two. Non-problem gamblers only 
played infrequently and with small amounts of money; their gambling frequency could vary from weeks to 
months and even longer. Pathological gambling sufferers and non-problem gamblers showed no differences in 
gender distribution, 2(2, N = 43) = 2.79, ns, but pathological gambling sufferers were significantly older than 
non-problem gamblers, F(1, 41) = 7.26, p = 0.01. The average age of pathological gambling sufferers was 43.8 
years (SD = 11.78), and was 33.9 years for non-problem gamblers (SD = 13.97). The average SOGS score of 
pathological gambling sufferers was 11.13 (SD = 3.56) and was 0 (SD = 0.00) among non-problem gamblers, 
F(1, 41) = 204.93, p < 0.000001.  

We obtained approval for the study from the Danish local ethics committee prior to conducting the study. 
Participants gave informed consent in writing prior to their participation, and were compensated financially for 
their time and travel expenses. Afther participation they were debriefed, and they had access to treatment, if 
needed. We found no increase in gambling symptoms following the experiment in any of the participants. For a 
full description of the ethical considerations and study design, see Linnet et. al (Linnet, et al., 2010). 

2.2 Procedure 

We used Orientexpressen [the Oriental Express], a popular slot machine in Denmark. The slot machine was 
provided by Dansk Automatspil A/S, which is the slot machine subsidiary of Danske Spil A/S [Danish Games, 
Inc].  

Before the participants arrived, the slot machine was loaded with 2000 to 2400 credits. The value of one credit 
was 0.5 DKK (around 0.1 USD) equal to a total amount around 200 USD, which yielded players a total playing 
time of at least 60 minutes (one participant managed to lose all credits after 50 minutes; the data were recorded 
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for this period). If participants ended with more than the preloaded credits, they could keep 10% of their gains up 
to a limit of 400 credits (around 35 USD). We used this approach to make the experiment resembled a real life 
gambling situation. Participants could not lose money from study participation. 

The slot machines had an autoplay button, which is a common feature that automatically spins the reels without 
players pressing the play button (Parke & Griffiths, 2006b, 2007). The reels only stop when players need to 
make decisions (e.g., hold or nudge). Gamblers often use this function to play on several machines at the same 
time. In the study participants were not allowed to use the autoplay function, to ensure maximum attention on the 
slot machine. After participants completed the experiment, data were retrieved from the slot machine using a 
hyper-terminal. Sessions were video recorded for documentation purposes. 

2.3 Measures 

The South Oaks Gambling Screen (SOGS). The SOGS is a 20-item self-report questionnaire that assesses 
lifetime and past year gambling-related difficulties (Lesieur & Blume, 1993; Lesieur & Blume, 1987). A SOGS 
score of five or more suggests a diagnosis of pathological gambling, while a score of 2-4 indicate possible 
problem gambling.. 

Time, Response, Reward Return, and Response Frequency. Time spent gambling was measured using a 
stopwatch from the time participants initiated gambling, until they stopped or were stopped. Time was rounded 
to the nearest minute. The slot machine counted the total number of response (games) and calculated the Reward 
Return as the total number of credits won divided by the total number of credits lost (gains / losses). Response 
frequency was calculated as the total number of responses divided by time spent gambling (response / minute).  

2.4 Statistics 

We used analysis of variance (ANOVA) to measure group differences in response frequency between 
pathological gambling sufferers and non-problem gamblers. To control for the possible influence of age and 
Reward Return, we performed a univariate analysis of co-variance (ANCOVA) with response frequency as the 
dependent variable, group as the fixed factor (pathological gambling sufferers vs. non-problem gamblers), and 
age and Reward Return as covariates. We further used Pearson’s correlation to measure the correlation between 
response frequency and symptom severity on the SOGS. Finally, we performed a binary logistic regression 
analysis to determine classification accuracy of response frequency, where group membership (pathological 
gambling sufferers vs. non-problem gamblers) was the dependent variable and response frequency was the 
covariate.  

3. Results 

Analysis of variance (ANOVA) showed that pathological gambling sufferers had significantly higher response 
frequency (M = 22.32, SD = 1.60) than non-problem gamblers (M = 16.98, SD = 3.00), F(1, 41) = 53.82, p < 
0.000001. The results are illustrated in Figure 1. A univariate analysis of covariance confirmed that the 
differences remained significant when correcting for age and Reward Return, F(3, 39) = 18.88, p < 0.000001. 

 

 

Figure 1. Response frequency in pathological gamblers and non-problem gamblers 
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Description: pathological gambling sufferers (PGS, black bar) have significantly higher response frequency than 
non-problem gamblers (NPG, white bar), F(1, 41) = 53.82, p < 0.000001. Error bars indicate Standard Error of 
Measure (SEM).  

 

Next, we found a highly significant correlation among pathological gambling sufferers between response 
frequency and symptom severity on the SOGS, r(22) = 0.71, p < 0.0005. The results are illustrated in Figure 2.  

 

 

Figure 2. Correlation between SOGS and response frequency 

Description: pathological gambling sufferers (PGS, black triangles) show a significant correlation between 
SOGS symptoms severity and response frequency, r(22) = 0.71, p < 0.0005. The solid line indicates the 
correlation line. Non-Problem Gamblers do not vary in SOGS scores, and therefore have no correlation.  

 

Finally, we performed a binary logistic regression analysis to determine how accurately response frequency 
predicted pathological gambling and non-problem gambling behavior. We used pathological gambling sufferers 
vs. non-problem gamblers as the dependent group variable and response frequency as the covariate. 

Response frequency significantly contributed to predicting whether participants were pathological gambling 
sufferers or non-problem gamblers, 2(1, N = 43) = 33.54, p < 0.000001, and correctly classified 21 out of 22 
(95.5%) pathological gambling sufferers and 18 out of 21 (85.7%) non-problem gamblers. The overall 
classification accuracy was 90.7%, and the model accounted for 54.2% of the variation in response frequency, 
R2(41)= 0.542. The Wald coefficient was 12.31 (p < 0.0005) and the odds ratio was 0.41, which means that for 
each increase of games per minute, the person was 59% more likely to be a pathological gambling sufferers. For 
instance, a person who played 20 games per minute was almost 12 times more likely to be a pathological 
gambling sufferer than a non-problem gambler (20 x 59% = 1180%).  

The classification accuracy of response frequency can be seen from Figure 2: twenty-one out of 22 pathological 
gambling sufferers played 20 games or more per minute, while 18 out of 21 non-problem gamblers played fewer 
than 20 games per minute; three non-problem gamblers were false positives, and one pathological gambling 
sufferer was a false negative.  

4. Discussion 

This study showed that response frequency was significantly correlated with symptom severity in pathological 
gambling and accurately classified 21 out of 22 pathological gambling sufferers and 18 out of 21 non-problem 
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gamblers. The data may suggest an association between reinforcement of gambling behavior and symptom 
severity of pathological gambling, and may have important implications for identifying problem gambling 
behavior. 

Pathological gambling sufferers showed a higher response frequency than non-problem gamblers. This is 
consistent with previous findings in the slot machine gambling literature, where Griffiths (1994) found that 
regular slot machine players, who played slot machines at least once per week, had a significantly higher 
response frequency than non-regular slot machine players, who played slot machines once a month or less. The 
independent replication of findings between the current study and that of Griffiths (1994) suggests that response 
frequency is an important measure of gambling behavior in pathological gambling. This is consistent with the 
notion of pathological gambling being a “behavioral addiction” (Holden, 2001; Potenza, 2006). 

The increased response frequency on slot machines in pathological gambling is also consistent with the notion of 
behavioral reinforcement in the disorder (Skinner, 1958, 1963, 1988), and may reflect that in pathological 
gambling the behavior has been reinforced over time to produce a faster, longer, and more recurrent pattern of 
behavior than in non-problem gambling. It is also consistent with the notion that the structural characteristics of 
games often use schedules of reinforcement that optimally reinforce behavior, such as many games per minute 
(contiguity), high probability of reward close to 50-50 (contingencies), and random or variable rewards. Slot 
machines in particular exhibit all of these characteristics. 

The correlation between response frequency and symptom severity is perhaps the most important finding of the 
study, because it suggests that patterns of reinforcement have real consequences for the disorder. Pathological 
gambling sufferers with the highest response frequencies suffer from the most gambling symptoms. This may 
have implications both for the assessment and treatment of the disorder. From an assessment perspective it may 
be possible to identify patterns of risky behavior in, for instance, samples of online slot machine gambling. From 
a treatment perspective it may be possible to use behavior modification to help pathological gambling sufferers 
who show the strongest patterns of reinforcement.  

Finally, Binary logistic regression analysis of response frequency accurately classified 21 out of 22 pathological 
gambling sufferers and 18 out of 21 non-problem gamblers with an overall classification accuracy of 90.7%. 
This suggests that response frequency is a valid measure for differentiating pathological gambling sufferers and 
non-problem gamblers.  

From a practical perspective, our data suggest that response frequency is a simple and easy measure suitable for 
assessment of risky behavior in slot machine gambling. Unlike time spent gambling, number of gambles, and 
money spent gambling, which are lengthy measures, response frequency can be observed over a matter of 
minutes, by simply counting the average response frequency over a short period of time. Furthermore, response 
frequency might have implications for other forms of gambling than slot machine gambling. Response frequency 
of games such as black jack, roulette, or craps could be measured as the time it takes to make a decision or 
response, rather than games per minute, as the game frequency in these games are determined by a dealer. 
However, more research is needed to determine the usefulness of response frequency in relation to assessment of 
pathological gambling.  

While our study suggests that response frequency is an important measure of symptom severity in pathological 
gambling it also holds limitations. First, while the group differences in response frequency remained highly 
significant after controlling for age and Reward Return, the findings should be replicated in an age-matched 
cohort. Second, while our data suggest that response frequency has good sensitivity and specificity of symptom 
severity in pathological gambling, we note that the SOGS is not a direct measure of pathological gambling. 
Although the SOGS has shown satisfactory reliability and validity with the diagnostic criteria of pathological 
gambling (Stinchfield, 2002), a further test of reliability and validity of response frequency in relation to 
pathological gambling in slot machines should use diagnostic criteria of pathological gambling, such as the 
DSM-IV criteria. Third, it is not possible from our data to determine whether the increased response frequencies 
in our cohort was a result of a trait-like vulnerability toward gambling (e.g., some individuals having increased 
risk of exacerbated symptoms) or a state-like condition (e.g., individuals showing fluctuations in gambling 
control with periods of increased response frequency and exacerbated symptoms). Future studies should 
investigate the stability of response frequency over time, and whether or not changes in structural characteristics 
can modify symptom severity of pathological gambling over time. 

In conclusion we find that response frequency is a simple and easy measure which may hold important 
implications for assessing symptom severity of pathological gambling, and for differentiating pathological 
gambling and non-problem gambling slot machine behavior.  
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