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Abstract

The Problem Gambling Severity Index (PGSI), a screening tool used to measure
the severity of gambling problems in general population research, was subjected
to confirmatory factor analysis and Rasch modelling to (a) confirm the one-
factor structure; (b) assess how well the items measure the continuum of
problem gambling severity; (c) identify sources of differential item functioning
among relevant subpopulations of gamblers. Analyses were conducted on a
nationally representative sample of over 25,000 gamblers compiled by merging
data from the Canadian Community Health Survey and Canadian Problem
Gambling Index (CPGI) integrated datasets. Results provided support for a
one-factor model that was invariant across gender, age, income level, and
gambler type. Rasch modelling revealed a well-fitting, unidimensional model
with no miss-fitting items. The average severity assessed by the PGSI is consis-
tent with moderately severe problem gambling. The PGSI is therefore weak in
assessing low to moderate problem severity, a notable limitation of most brief
gambling screens. Evidence of clinically significant differential item functioning
was found with only one item, borrowing money to gamble, which behaved
differently in gamblers who play electronic gaming machines or casino
games compared to gamblers who avoid these games. Copyright © 2013 John
Wiley & Sons, Ltd.
Introduction

Given the rapid expansion of legalized gambling in North
America over the past 15 years, government policy-makers
require regular population surveillance of problem gam-
bling and associated harms. Several brief screening tools
are available tomonitor rates of problem gambling although
research on their psychometric properties is often limited.
Among the available tools, the Southern Oaks Gambling
Screen (SOGS) (Lesieur and Blume, 1987), the Diagnostic
and Statistical Manual of Mental Disorders, Fourth Edition
(DSM-IV) based measures of problem gambling, such as
the National Opinion Research Center DSM-IV Screen for
Gambling Problems (NODS) (Gerstein et al., 1999), and
the Problem Gambling Severity Index (PGSI) of the
Canadian Problem Gambling Index (CPGI) (Ferris and
245
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Wynne, 2001) are frequently used for population-level
measurement of problem gambling.

The SOGS, a 20-item measure, was initially developed
as a tool for clinical assessment and later applied to survey
research, but without extensive validation using a commu-
nity sample. Consequently, the SOGS has been criticized
for its ability to accurately assess problem gambling within
the general population (Stinchfield et al., 2007). The SOGS
tends to over-estimate problem gambling within commu-
nity samples compared to other measures including the
PGSI (Ferris and Wynne, 2001; Stinchfield, 2002). Indeed,
an item response analysis of the SOGS found that commu-
nity samples responded differently to several SOGS items
compared to pathological gamblers (Strong et al., 2003).
The NODS, a 34-item measure, was constructed to mirror
DSM-IV criteria for pathological gambling and therefore,
like the SOGS, the content of this scale reflects the clinical
range of pathological gambling. Consequently, the NODS
has low sensitivity for detecting mild levels of problem
gambling severity (Abbott and Volberg, 2006; Orford
et al., 2010).

As screening tools for pathological gambling, the SOGS
and NODS have shown to possess robust properties
(Stinchfield et al., 2007) but may be limited in characteriz-
ing milder or subthreshold forms of problem gambling
in the general population. The PGSI was specifically
designed and validated as a quantitative index of problem
gambling severity within the general population (Ferris
and Wynne, 2001). The PGSI also was created to identify
gamblers at risk for developing problem gambling. Hence,
the PGSI assesses “soft” indicators of problem gambling
rather than focusing on diagnostic criteria. Items assess
both gambling behaviour and the financial, social, and
health consequences of gambling. The PGSI has strong
internal consistency, test–retest reliability, concurrent
validity with other problem gambling measures, and crite-
rion validity with measures of gambling involvement
(Ferris and Wynne, 2001; Holtgraves, 2009; Mcmillen
and Wenzel, 2006; Neal et al., 2005). An advantage of
the PGSI is the four-point ordinal scale for each item
rather than the dichotomous (yes/no) format used with
other measures. The total score and corresponding inter-
pretative categories [non-problem gamblers (0), low-risk
(1–2), moderate-risk (3–7), problem-gambler (> 7)] pro-
vide full coverage of the continuum of problem gambling
severity. The non-problem, low-risk, and moderate-risk
gambler categories represent a meaningful progression in
level of risk for all gamblers who are below the threshold
of problem gambling, a property of the scoring system we
validated in a recent population study by our research group
(Currie et al., 2013). The combination of item diversity and
Int. J. Met
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ordinal scaling allows the PGSI to tap levels of problem
gambling that may be overlooked by the dichotomous-scored,
diagnostically-focused measures of pathological gambling.

Since its development in 2001, the PGSI has become
the gold standard in both Canada and Australia for
collecting information on problem gambling symptoms
(McCready and Adlaf, 2006; Neal et al., 2005), and has
been used worldwide in population-level survey research
[Department of Social Development (Northern Ireland),
2010; Kavli and Berntsen, 2005; Kristiansen and Jensen,
2011; Ministry of Health, 2009; Olason and Gretarsson,
2009; Volberg and Bernhard, 2006; Wardle et al., 2007;
Young and Stevens, 2008]. Given both the strengths and
gaining popularity of the PGSI, it is important to empiri-
cally validate all dimensions of its psychometric properties.
Specifically, there is a gap in the literature between theoret-
ical features of the PGSI, as a measure assessing the full
continuum of the single construct problem gambling, and
empirically supported aspects of the measure, such as its
factor structure and how well the individual items represent
the problem gambling continuum. Although a handful of
studies have investigated the factor structure of the PGSI,
no study has submitted the PGSI to a comprehensive item
response analysis (Orford et al., 2010).

To date, factor analytic studies of the PGSI have pro-
duced a single-factor solution (Holtgraves, 2009; Orford
et al., 2010). Using data from the 2007 British Gambling
Prevalence Survey and principal components analysis
(PCA), Orford et al. (2010) determined a one-factor
model (accounting for 62% of the variance) was the best
fit for the PGSI. A PCA on Canadian population data also
produced a one-factor structure accounting for 49% of the
variance (Holtgraves, 2009). The factor analytic approach
in these studies relied exclusively on exploratory methods,
which are more appropriate for developing measures
(Hoyle and Smith, 1994). Confirmatory factor analysis
(CFA), involving the fitting of a pre-determined structure
to a dataset, is a more restrictive test of factorial validity
than exploratory factor analysis (Currie et al., 2004; Hoyle
and Smith, 1994). Thus, the first aim of the current
study was to assess the factor structure of the PGSI using
CFA methods.

Previous research supports the PGSI’s coverage of the
problem gambling continuum albeit in a limited fashion.
Orford et al. (2010) examined the frequency of item
endorsement across PGSI problem gambling categories,
and concluded the items adequately captured the problem
gambling continuum. Holtgraves (2009), using similar
methodology, reported certain items were more charac-
teristic of low-risk gamblers (i.e., chasing losses, feeling
guilty, betting more than could afford) than other items
hods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.1002/mpr
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(i.e., borrowing money or financial problems due to gam-
bling). These results suggest that individual PGSI items
assess different levels of problem gambling. However, these
studies relied upon descriptive statistics and visual inspec-
tion of the data to support their conclusions. The present
study aimed to improve on these subjective methods by
using item response analysis.

Rasch modelling is one form of item response analysis
that assesses the dimensionality of questionnaire measures,
providing an evaluation of the fit between items and the
underlying latent construct (Strong et al., 2004b). This
model analyses item response patterns to characterize the
performance of individual items in measuring the underly-
ing construct of problem gambling. There are three notable
features of this model. First, people and items are indepen-
dently measured along the same latent construct (i.e., prob-
lem gambling continuum) using the metric of an equal
interval logit scale (Wright and Stone, 1979). The position
of each item along the latent problem gambling continuum
is defined by a severity parameter. This parameter indicates
the point along the continuum where there is a 50% chance
of item endorsement (Embretson and Reise, 2000).

Second, the presence of more severe gambling problems
presumes the presence of less severe problems in the same
individual. By default, zero on the latent problem gambling
continuum is set as the mean level of problem gambling
severity across all items. Severity estimates greater than zero
reflect items that assess problem gambling that are more
severe than the mean level of severity for the PGSI scale.
The rank order of symptoms by severity estimate provides
an indication of the specific types of problems that are more
likely to appear as problem gambling severity increases.

Finally, infit and outfit χ2 statistics provide information
about how well items fit within the model (e.g., high
severity items endorsed by low severity individuals are
poor fits; Linacre, 2003). The infit statistic provides
information about inlier-sensitive fit, that is, the degree
of fit between items and people (i.e., the model predicts
that low severity gambler endorse low severity items).
Whereas the outfit statistic describes the degree of
outlier-sensitive fit (i.e., the degree to which there is a
mismatch between items and people in terms of severity).
A χ2 above 1.0 indicates the model is unpredictable or
noisy; values less than 1.0 signal that the data is too
predictable or redundant (Linacre, 2003).

In addition to these elements, another feature of item
response analysis is the ability to examine differential item
functioning (DIF), which occurs when subgroups respond
uniquely to items (Molde et al., 2010). For example, youn-
ger age was associated with reporting “chasing losses” at a
lower level of problem gambling severity compared to
Int. J. Methods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.100
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older age in an item analysis of the NODS (Strong and
Kahler, 2007). An assumption of all measures of problem
gambling is that certain scores reflect certain degrees of
problem severity across all individuals. When DIF occurs
this assumption is violated and consequently affects the
psychometric validity of the measure. Although other
problem gambling measures have been evaluated using
Rasch modelling and DIF analyses, this analysis has not
been applied to the PGSI (Strong et al., 2003; Strong and
Kahler, 2007).

The application of DIF procedures is relevant to the
PGSI in light of the variability in problem gambling
prevalence rates across demographic and gambling type
subgroups. Individuals who are male, younger, or earn
lower incomes tend to endorse more PGSI items com-
pared to individuals who are female, older, or earn higher
incomes (Cox et al., 2005; Orford et al., 2010). Further-
more, individuals who gamble at casinos or with electronic
gaming machines also are more likely to report gambling
problems compared to other types of gamblers (Currie
et al., 2008c). Presently, differences in problem gambling
prevelance are interpreted as actual differences in problem
gambling (Cox et al., 2005). Nonetheless, it is possible that
these differences are due to instrument bias. Clearly this
issue must be disambiguated before theoretical arguments
about gambling prevalence, such as potential gender
differences, can be empirically supported by PGSI data.
Therefore, another aim of the current study was to analyse
PGSI items using DIF procedures. Because statistical tests
should not alone determine the validity of an instrument,
we also incorporated feedback from experts in problem
gambling as a measure of the continuum of problem
gambling severity.
Present study objectives

The specific objectives of this study were to (1) assess the
factor structure of the PGSI using confirmatory methods
with the largest sample of completed PGSI surveys available
for research to date; (2) model the continuum of gambling
problems as assessed by the PGSI total score with Rasch
modelling; (3) identify sources of DIF across demographic
and game type subgroups; (4) assess the construct validity
of the PGSI’s item coverage by comparing item severity
estimates with problem gambling expert opinions of item
rankings. For objective one, we predicted the one- factor
model would be validated by CFA on the basis of strong fit
metrics and high internal consistency. For objective two,
we predicted low severity items and high severity items
would be consistent with previous research (Holtgraves,
2009). But, as the PGSI has not been submitted to this
2/mpr
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analysis before, we did not predict a specific pattern of
severity across items. Similarly, we had no a priori predic-
tions for objective three. Regarding objective four, we antic-
ipated that expert rankings would be congruent with the
severity estimates generated in the rasch model.

Method

Data sources

We used data on the PGSI derived from two large population
datasets, which we merged for the purposes of this study: the
CPGI integrated dataset and the Canadian Community
Health Survey. The full CPGI collects data on both problem
gambling symptoms and gambling habits (frequency, time
spent, and expenditures in Canadian dollars) for all major
types of gambling (e.g. lottery, casino games, bingo, internet,
electronic gaming machines) (Ferris and Wynne, 2001).

CPGI integrated dataset

The CPGI integrated dataset includes data from prevalence
surveys conducted in six provincial and one national survey
for a combined sample size of 14,388 past year gamblers. We
have used this dataset in previous research (Currie et al.,
2008a; Currie et al., 2006; Currie et al., 2008b; Currie et al.,
2013; Miller and Currie, 2008). Each survey employed a simi-
lar methodology with the data collected via a computer-
assisted telephone interviewing system. Samples were stratified
by regional boundaries, age, and gender. Random digit dialling
was used to select cases at the household level and the adult
resident (≥ 18 years) with the most recent birthday was
selected to be interviewed. The prevalence of problem gam-
bling (PGSI> 7) ranged from 0.4% to 1.3% across surveys.

Canadian Community Health Survey – Mental Health
Well-being (CCHS-1.2)

Detailed descriptions of the Canadian Community Health
Survey – Mental Health Well-being (CCHS-1.2) in terms
of target population, sampling procedures, response rate,
and psychiatric assessment are in other sources (Currie
et al., 2006; Gravel and Beland, 2005; Statistics Canada,
2002). Briefly, the CCHS-1.2 was a 2002 cross-sectional
survey of a nationally representative sample of individuals
aged 15 and older. Participants were recruited using the
same basic random digit dialling method as in the CPGI
integrated dataset. Valid PGSI data for past year adult
gamblers were available for 18,913 cases.

Both datasets were restricted to individuals who were
(a)≥ 18 years of age, (b) reported gambling at least once
in the past year, and (c) administered the PGSI items.
The final merged dataset included demographic, gambling
Int. J. Met
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involvement, and PGSI data for 25,584 cases. To test facto-
rial invariance and DIF by game preference, we collapsed
the CPGI data on games played into two categories: (1)
gaming machine or casino gamblers were persons who
reported playing electronic gaming machines [EGMs;
video lottery terminals (VLTs) and slot machines] or
casino games in the past 12 months; (2) other gamblers
consisting of individuals who reported types of gambling
other than EGMs or casino games (e.g., lottery tickets,
raffle tickets). Research has shown that EGM and casino
gambling have a greater risk of harm and addiction
compared to other forms of gambling (Breen and
Zimmerman, 2002; Welte et al., 2004) and we have used
this distinction in prior studies (Currie et al., 2006; Currie
et al., 2008b; Miller and Currie, 2008; Currie et al., 2013).
Table 1 compares the demographics of the two CPGI
datasets. Participants in the CPGI integrated and CCHS-1.2
were largely comparable in demographic and gambling
profile. The CCHS-1.2 contained a higher proportion of
males (χ2 = 10.43, p< 0.01), older adults (65+ years;
χ2 = 233.64, p< 0.001), and individuals earning less than
$30,000CAN annual income (χ2 = 283.24, p< 0.001). These
differences, although significant because of the very large
sample sizes, were not large in magnitude. There were no dif-
ferences in education, proportion of EGM/casino players, or
mean PGSI scores between the groups (all p values> 0.05).
Survey of gambling experts

A web-based survey on assessing problem gambling sever-
ity with the PGSI was completed by 142 gambling experts
(researchers, clinicians, and government and industry
persons) who were based in Canada (78%), United States
(14%), and other countries (8%). Respondents were
recruited from several sources: a mailing list used in a
prior gambling expert survey (Currie et al., 2008a), lists
of attendees at major gambling conferences in the past five
years, researchers who received funding for gambling from
Canadian and American granting agencies, and members
of the Gambling Issues International Listserv. An email
invitation was sent to 422 individuals making the response
rate 34%. A web-based survey was developed and posted
online. Gambling experts were asked to rate the severity
of each PGSI item level in terms of providing information
on overall severity of problem gambling being exhibited by
gamblers who endorse the symptom. Specifically, experts
rated whether endorsement of the item (as occurring
sometimes, most of the time, or almost always) was indic-
ative of the gambler having no gambling problem (1), a
mild problem (2), a moderate problem (3), or a severe
gambling problem (4). The final ranking was derived by
hods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.



Table 1. Demographics of two datasets used in analyses

Characteristic CPGI integrated (Currie et al., 2008b) CCHS-1.2 (Currie et al., 2006)

N 14388 18913
Age (%)
18–24 years 9.6 11.2
25–64 years 78.0 69.9
65+ years 12.4 18.9
Gender (% male) 48.7 50.7
Played EGM or casinos in past year (%) 44.5 44.1
Income
< $30 K 20.5 30.0
$30 K–$50 K 24.7 24.1
> $50 K 54.8 45.9
Mean PGSI score (standard deviation) 0.5 (1.8) 0.5 (1.9)

Note: All datasets excluded non-gamblers and persons under 18 years.
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the proportion of experts who endorsed the item as a mod-
erate or severe problem gambling symptom. Additionally,
the average of experts’ severity ratings was calculated for
each item.

Data analysis

Factor analysis

CFA was conducted using AMOS V17. Standard fit indices
included the comparative fit index (CFI with values
greater than 0.95 indicating a good fit) and the root mean
square error of approximation (RMSEA; values less than
0.06 indicate a good fitting model) (Hu and Bentler,
1999). Internal consistency of the summed total score
was estimated using coefficient alpha. Factor invariance
across gender, age, type of game, and income was assessed
using CFA of the total data file.

Rasch modelling

A rating scale Rasch model was used to: (1) estimate the
relative severity of problem gambling being assessed by
each item; (2) assess the order in which symptoms covered
by the PGSI are likely to be endorsed as severity increases;
(3) assess the standard error of measurement associated
with each item and the full range of PGSI scores. The anal-
ysis was conducted on the original four-point scaled PGSI
items. With this approach, the Rasch-generated severity
estimates represent the overall severity for the item across
all non-zero responses (Bond and Fox, 2007). Rasch
modelling requires variability in responses across items
therefore individuals who endorsed no PGSI items
Int. J. Methods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.100
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(n = 21,597) or all PGSI items (n = 5) were removed from
the analysis, leaving 3992 cases.

The PGSI was evaluated using a Rasch model in
WINSTEPS. WINSTEPS also was used to assess PGSI
items for DIF by comparing individual item severity esti-
mates between subgroups (Wright and Stone, 1979). In
addition to statistically significant differences identified
through WINSTEPS, we also considered the clinical signif-
icance of differences by examining the magnitude of sever-
ity estimate differences between subgroups. Significant
DIF findings were identified on the basis of two criteria:
(1) the result of the t-test comparing severity estimates
was significant at the p< 0.01 level, and (2) the difference
in estimates was 0.5 logit units or greater, which represents
a half standard deviation difference (Linacre, 2003;
Steinberg and Thissen, 2006).
Results

Confirmatory factor analysis (CFA)

A one-factor structural equation model of the PGSI Likert
response category items showed good fit to the data, de-
spite a significant χ2 (27) = 2393.6 {CFI = 0.972; RMSEA=
0.059 [90% confidence interval (CI) 0.057–0.061]}.
Because item data were positively skewed, bootstrapping
was used to estimate parameter CIs. Factor loadings
ranged from 0.54 (borrowing money) to 0.77 (acknowl-
edge problem with gambling). Corrected item-total corre-
lations for the summed total score ranged from 0.49 to
0.70 for the PGSI items (M r= 0.61), with a coefficient al-
pha of 0.86. The coefficient alpha did not increase with the
deletion of any item.
2/mpr
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Factor invariance based on gender (males versus
females), age (18–24 years, 25–64 years, and 65+ years),
household income (< $30 K, $30 K–$50 K, > $50 K; all
currency Canadian), and game type (EGM/casino versus
other) was assessed using CFA of the complete sample.
These analyses revealed factor invariance across all sub-
groups with only minor differences in item loadings.
There was no evidence of meaningful differences between
men and women, types of gamblers or, among levels of
income. There were some statistical differences among
the three age groups, with slightly lower loadings for older
participants. Detailed descriptions of these analyses can be
provided by the authors.

Rasch modelling

Testing the assumptions of unidimensionality and local
independence

CFA results confirmed a single factor underlying the PGSI,
supporting the Rasch model assumption of unidimension-
ality of the latent construct (Langenbucher et al., 2004).
After the Rasch calibration, a PCA of the residuals revealed
no violations of local independence (i.e., responses to one
item were independent of responses to other items). The
eigenvalue of the first residual factor was 1.4 units. The
plot of the standardized residuals exhibited a random
pattern suggesting no additional factors. The largest corre-
lation between the residuals of two items was 0.29, further
indication of local independence.

Model fit

The rating scale Rasch model, conducted on the original
four-point scaled items, was deemed appropriate on the
basis of: (1) a smooth distribution of category frequencies
across items (although all items were positively skewed,
the distribution was consistent across items); (2) the
average measures for each item category (i.e., the average
of the severity estimates for all persons in the sample
who chose that response category) showed advancement
in value with each successive rating point, showing that
higher problem gambling severity is associated with higher
category labels (Smith et al., 2003); (3) no indication of
disordered items in terms of severity (i.e., the average
measure of a higher score value is lower than the average
measure of lower scale value; Linacre, 1999). In light of
these observations, the comparison of each item’s overall
severity value is valid with polytomous data results.

All of the infit and outfit statistics for individual PGSI
items fell within the acceptable range of 0.5 to 1.5 (Wright
and Linacre, 1994) indicating a good model fit for all
Int. J. Met
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items. The standard errors fell within a narrow range of
0.03 to 0.05 for all PGSI items including those that were
endorsed infrequently by gamblers (e.g. borrowing
money). The reliability estimate for item severity indicated
perfect reliability (1.00) suggesting that the item rankings
for severity would likely replicate in other similar popula-
tion samples (Wright and Stone, 1979).

Item-level estimates of problem severity

Table 2 presents the item characteristics for all nine PGSI
items. The most commonly reported symptoms were
“feeling guilty”, “chasing losses”, and “betting more than
one could afford to lose”. These items also were typical
of low levels of problem gambling severity, with severity
estimates clustering at δ=�0.75 to �0.80. Items typical
of high levels of severity included “health problems”,
“financial problems”, and “borrowing money”. In contrast
to the clustering of low severity items, these items reflected
a range of problem gambling severity (δ= 0.45 to 1.17).
Finally, moderate levels of problem gambling were repre-
sented by a cluster of items at δ= 0 to 0.05. Thus, this
analysis revealed a gap in PGSI item coverage between
mild and moderate problem gambling, and identified that
redundant severity information was provided by items
within the clusters at mild and moderate problem gambling.
Ideally, severity estimates should be at least 0.15 logit units
apart (Garrett, 2003) to avoid redundant psychometric
information being provided by two or more items. The
items “feeling guilty” and “chasing losses” appear to provide
redundant information on problem severity.

Differential item functioning (DIF)

Subgroup comparisons were identical to those used in the
investigation of factor structure invariance: gender, age,
household income, and game type. Complete DIF results
are shown in Table 3. Although several items had a
statistically significant difference in severity estimates, only
“borrowing money” met both criteria for significance
testing. Specifically, EGM or casino gamblers had a signif-
icantly higher severity estimate than other gamblers
(δ= 1.34 versus δ= 0.70).

Severity rankings compared to expert opinion

We compared the empically-derived rank order of symp-
toms to the opinions of gambling experts collected from
the online survey (Table 4). The intraclass correlation
coefficient between these measures was 0.79, suggesting
good agreement between rankings. The average severity
rating by experts for each item was also highly correlated
hods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.1002/mpr
Copyright © 2013 John Wiley & Sons, Ltd.



Table 3. Results of DIF tests of statistical and clinical significance

DIF

PGSI item Gender Age Income Game type

Guilt feelings F–M=�0.28

Chasing losses F–M=0.20 18–24 years–overall =�0.24
Other–EGM/
casino =�0.28

Betting more than
can afford F–M=�0.21 > $50 K–overall = 0.20
Recognizes one has
a problem 18–24 years–overall = 0.44

Other–EGM/
casino =0.34

Tolerance

$30 K–$50
K–overall =�0.15> $50
K–overall = 0.22

Criticized by others
Health Problems 18–24 years–overall =�0.10
Financial Problems F–M=0.23

Borrowing money
Other–EGM/
casino =�0.65

Note: Cells with problem gambling severity parameters reported indicate the difference between groups (p< 0.01). The dif-
ference between the subgroups is shown for cells with significant results. Gender and Game Type were two-group compar-
ison. For Age and Income the entire sample was the reference group and the specified category was the focal group. Italic
typeface items indicate a severity parameter difference of 0.50 or greater.

Table 2. Symptom severity estimates for the Problem Gambling Severity Index (PGSI)a from gamblers who reported
gambling at least once in the previous 12 month period

Problem Gambling Severity Infit statistic Outfit statistic

Item Percentage endorsedb δ Standard error M Z M Z rt
c

Guilt feelings 6.8 �0.85 0.03 0.99 �0.4 1.03 0.9 0.73
Chasing losses 7.0 �0.85 0.03 1.13 4.4 1.18 5.5 0.71
Betting more than can afford 6.0 �0.70 0.03 1.12 3.8 1.15 4.5 0.69
Recognizes one has a problem 3.6 0.00 0.03 0.92 �2.3 0.72 �7.7 0.65
Tolerance 3.9 0.00 0.03 1.20 5.3 1.12 3.0 0.59
Criticized by others 3.6 0.05 0.03 1.15 3.9 1.05 1.3 0.59
Health problems 2.7 0.48 0.04 1.07 1.7 0.93 �1.3 0.55
Financial problems 2.2 0.70 0.04 0.93 �1.7 0.58 �9.1 0.56
Borrowing money 1.7 1.17 0.05 1.16 3.0 0.99 �0.1 0.45

aThe full PGSI can be found online at www.problemgambling.ca/EN/Documents/ProblemGamblingSeverityIndex.pdf.
bProportion with non-zero score.
crt point-biserial correlation between item and total measured severity level based on Rasch calibrated scores.

Miller et al. Validation of the problem gambling severity index
with the Rasch model item-level severity estimates, r = 0.82,
p< 0.01. Agreement was best at the upper and lower
extremes of problem gambling severity. Congruent with
our empirical results, experts reported that “borrowing
Int. J. Methods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
money” and “financial problems” were most indicative of
severe gambling problems, whereas “feeling guilty” was least
indicative of severe gambling problems. Furthermore,
“health problems” was found to be a mid-level symptom
2/mpr
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Table 4. Severity rankings of the nine PGSI Items: Results from Rasch analysis and expert survey

PGSI symptom
Average severity
rating by expertsa

Percentage of experts
rating symptom as
severe or moderate

Severity rank

Rasch model Experts

Borrowing money 3.43 83 1 1
Financial problems 3.44 82 2 2
Health problems 3.23 75 3 4
Criticized by others 3.11 70 4 8
Tolerance 3.10 71 5 7
Recognizes one has a problem 3.19 73 6 6
Betting more than can afford 3.13 74 7 3
Chasing losses 3.17 71 8 5
Feelings of guilt 2.93 60 9 9

aScale: 1 = no gambling problem; 2 =mild problem; 3 =moderate problem; 4 = severe problem.
Note: Rasch model and expert rankings that agree within two scale points shown in italic typeface.
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of problem gambling severity by both methods. In contrast,
there was a large disagreement between experts and the
Rasch model for “chasing losses”. According to the model,
this item is typical of low levels of severity, but experts rated
this item as being indicative of more severe problem gam-
bling. A similar disagreement occurred with “criticized by
others”. In this case experts ranked the item as indicating
low severity whereas the model placed the item in the
mid-range of problem gambling severity.
Discussion

CFA confirmed a one-factor structure is the best fit for the
PGSI. The internal consistency was 0.86, comparable to
the value reported in the development sample (0.84)
(Ferris and Wynne, 2001) and the factor analytic studies
by Holtgraves (2009) and Orford et al. (2010). The lowest
loading overall and across the various subgroups (gender,
age, income, type of game) was “borrowing money”,
which likely reflects its relatively low endorsement in a
general population sample. Importantly, the factor struc-
ture was invariant across subgroups defined by gender,
age, income level, and game type. Furthermore, the Rasch
model applied to the PGSI revealed a well-fitting, unidi-
mensional model overall with no miss-fitting items. The
estimated internal consistency of the PGSI was very high
(1.00) and standard errors were uniformly low with a
small range (0.03–0.05).

Although this type of analysis has not been conducted
on the PGSI before, Rasch models of other problem gam-
bling measures indicate some similarities. For instance,
three other Rasch studies also found “chasing losses” (as
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assessed by the SOGS and NODS) to being indicative of
low severity levels of problem gambling (Molde et al.,
2010; Strong et al., 2004a; Strong and Kahler, 2007).
Additionally, we replicated the finding of “financial prob-
lems” as a high severity item (Strong and Kahler, 2007).
Encouragingly, our results were similar to previous analy-
ses of the PGSI (Holtgraves, 2009; Orford et al., 2010), in
that “chasing losses”, “feeling guilty”, and “betting more
than one could afford to lose” were low severity items,
whereas “borrowing money” and “financial problems”
were high severity items. Furthermore, the fact that these
low severity items have replicated across three different
item analyses of the PGSI supports the efficacy of this
instrument as a screening tool for problem gambling risk.

“Borrowing money” was the only PGSI item to display
both a statistically and clinically meaningful DIF between
game type subgroups, suggesting a bias exists in the item
that may result in the severity of problem gambling being
under-estimated in EGM and casino gamblers. Specifi-
cally, endorsement of the need to borrow money occurs
at higher levels of severity for EGM or casino gamblers
compared to gamblers who play other games. Borrowing
money also had the lowest factor loading. The weaker
psychometric properties for this item may be the result
of the generally low rate of endorsement in the general
population, the ambiguous wording of the item, or both.
The present item wording, “Have you borrowed money
or sold anything to get money to gamble?” could be
subject to different interpretations. The item could be
improved by removing the dual question (“borrowed
money or sold anything”) and providing examples of what
constitutes borrowing.
hods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.1002/mpr
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There may be phenomenological differences between
EMG/casino and other types of gamblers that may also
account for the DIF finding. For example, EGM/casino
gamblers may engage in more subtle forms of borrowing
activities (e.g. using credit card advances) that are under-
reported on the item as presently worded. Providing
examples of all forms of borrowing may diminish the
difference in item endorsement between gambler types.
However, before modifying the item it would be impor-
tant to understand the patterns of borrowing across
habitual players of different game types. Relating this data
to problem gambling severity would help to inform how
the PGSI item on borrowing money could be improved.
Qualitative analysis such as cognitive interviewing (a
procedure in which subjects are invited to “think aloud”
how they respond to items) could also illuminate how
different gamblers interpret this item.

Similar to other problem gambling measures, the PGSI
items did not provide consistent coverage across the entire
problem gambling continuum. Specifically, several items
clustered around the low to moderate severity range with
a gap between these two points. In a recent study we ex-
amined the discriminant validity of all four PGSI interpre-
tative categories: non-problem, low-risk, moderate-risk,
and problem gambler (Currie et al., 2013). In terms of dis-
criminant validity, the low-risk and moderate-risk catego-
ries were the most problematic. A contributing problem is
the limited range of scores within these categories. The
validity of these categories was improved with a simple
change to the scoring rules (defining low-risk scoring
1–4 and moderate-risk as scoring 5–7). However, the
addition of other mid-range severity symptoms would
undoubtedly improve the functioning of the PGSI as a
continuous measure of severity particularly for gamblers
who are below the threshold for problem gambling. New
items could increase the range of scores for gamblers
classified as low-risk or moderate-risk (McCready and
Adlaf, 2006). In fact, several non-scored items have been
included in versions of the CPGI administered in popula-
tion surveys. For example, the CPGI used in the CCHS-1.2
included questions on conflict with family or friends, hid-
ing gambling activities from others, and gambling to forget
problems (Statistics Canada, 2002).

Items that may better identify at-risk gamblers are
not limited to self-reported symptoms. Quantitative in-
dicators of gambling intensity (e.g. exceeding low-risk
gambling thresholds for frequency and amount of
money spent on gambling; Currie et al., 2008b) could
also be used as signs of at-risk gambling. Recent longitu-
dinal data revealed that playing EGM or casino games at
least monthly predicts the progression from low-risk to
Int. J. Methods Psychiatr. Res. 22(3): 245–255 (2013). DOI: 10.100
Copyright © 2013 John Wiley & Sons, Ltd.
high-risk gambling (Currie et al., 2011). Given that
other prominent measures within this field face similar
difficulties, it is encumbant for future research to inves-
tigate potential symptoms that may emerge as low-risk
problem gambling escalates.

It is noteworthy that the Rasch generated severity
estimates closely corresponded with expert rankings of
symptom severity, supporting the ecological validity of
this instrument. In particular, experts rated “health prob-
lems”, “financial problems”, and “borrowing money” as
reflective of high problem gambling severity; a result parallel
to Rasch modelling results. Similarly, “recognizing problem
with gambling” and “tolerance” were indicative of moder-
ately severe problem gambling, and “feelings of guilt” repre-
sented low levels of problem gambling according to expert
ratings and Rasch modelling. For three items, there were
discrepancies between expert ratings and Rasch modelling,
however the correlation between expert ratings and the
Rasch model estimates remained quite high (r> 0.80).
We acknowledge several limitations with this data.
Respondents to our survey were provided no a priori
information on the expected ranking of severity and
hence used their own experience and intuitive judgments
to rate individual items. We fully expect that experts
aligned their ratings with personally held theories of
problem gambling. This may explain the high severity
rating given chasing losses, a symptom that is synony-
mous with pathological gambling in most theoretical
frameworks. We feel our approach was justified for
several reasons. Foremost, we did not want to influence
experts’ ratings. Similarly, the Rasch model is not a test
of specific severity ratings rather the estimates are allowed
to emerge from the patterns in the data. We also surveyed
experts with a variety of professional backgrounds and roles
in the field of gambling (researchers, clinicians and regula-
tors) who undoubtedly represent a variety of theoretical
perspectives on the phenomenology of gambling. The
ratings therefore represent the average of these theoretical
frameworks.

This study was limited because the PGSI was the only
measure of gambling problems, therefore we could not
assess DIF for non-problem gamblers versus problem
gamblers. Nonetheless, type of game may be a gross
indicator of problem gambling (i.e., VLT/casino gamblers
tend to have more severe gambling problems compared
to other types of gamblers. However, future studies
should examine the DIF of the PGSI using both commu-
nity samples of gamblers and clinical samples of patho-
logical gamblers). Furthermore, future studies should
address the PGSI’s gaps in coverage across the problem
gambling continuum.
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