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This paper presents individual-level evidence from Australia to
examine the factors associated with binge drinking and several
alcohol-related antisocial and unlawful behaviours. We study in
particular the role of binge drinking in increasing the likelihood of
engaging in these negative behaviours. We use individual-level data
from a national representative survey and a system econometric
model that allows unobservable factors for all negative behaviours
to be correlated. Potential misclassification of individuals’ drinking
pattern is accounted for. We find evidence of under-reporting for
bingeing and significant effects of binge drinking on drink-driving,
physical and verbal abuse, public disturbance, and stealing and
damaging property.

I Introduction
Binge drinking and its related adverse effects

have long been one of the major policy concerns
in many countries. Although there has been
evidence showing that moderate alcohol con-
sumption benefits health among middle-aged and
older people (for example, Gaziano et al., 1993;
Rimm, 1996; Fagrell et al., 1999; Malinski et al.,
2004), the toll taken by excessive alcohol con-
sumption or binge drinking on many societies
significantly exceeds the benefit from moderate
consumption. For instance, alcohol harm was
responsible for 3.2 per cent of the total burden of
disease and injury in Australia in 2003, while the
benefit prevented 0.9 per cent of the total burden
(Begg et al., 2007).

As in many other developed countries, alcohol
consumption is inherent in Australian culture.
However, recent statistics show that consumption
of alcohol at harmful levels in Australia is
considerable. According to the 2010 Australian
National Drug Strategy Household Survey (Aus-
tralian Institute of Health and Welfare (AIHW)
2011), around 39.8 per cent of Australian people
who are 14 years or older drank at least once in
the previous 12 months (on a single drinking
occasion) to an extent that put them at risk of an
alcohol-related injury. Much of the recent con-
cern arises from the evidence of a bingeing
epidemic and the increasing popularity of pre-
mixed ready-to-drink spirits, especially among
youth and young adults. In 2010, almost two-
thirds (64.6 per cent) of males aged 18–19 years,
and more than half (54.9 per cent) of males aged
20–29 years placed themselves at risk of an
alcohol-related injury at least once a month
(Australian Institute of Health and Welfare,
2011). In this context, the evidence from Aus-
tralia and its ongoing experience in addressing
the alcohol abuse epidemic constitutes an inter-
esting case study.
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In addition to education and regulation, one of
the main policy tools used by governments
around the world for reducing alcohol abuse is
alcohol taxation. Excessive alcohol consumption
is associated with a range of negative external-
ities in areas of road accidents, criminal activi-
ties, abuse of family members and others, health
care, law enforcement costs, and some labour
market participation and productivity implica-
tions (Freebairn, 2010). These external costs are
often not included as private costs in a con-
sumer’s personal consumption decision-making
and are borne by the society. Whilst attempts to
separately estimate the private and public costs of
alcohol abuse are controversial (Manning et al.,
1989; Richardson & Crowley, 1997; Freebairn,
2010), there is no doubt that the extent of market
failure is substantial. The key rationale for
alcohol tax is to correct market failure by
reducing excessive consumption that induces
high external social costs. Thus, quantifying the
associated harm to the society from excessive
alcohol consumption is a necessary step in
formulating alcohol-related policies.
Drinking can increase the probability of people

participating in behaviours that are antisocial,
harmful or even criminal. For example, excessive
alcohol consumption can lead to risky sexual
activities and violent behaviours. On the other
hand, alcohol consumption in conjunction with
normal activities, such as driving or swimming
while under the influence of alcohol, can increase
the probability that such activities result in harm.
Some studies have looked at the link between
alcohol drinking patterns and alcohol-related
antisocial behaviours using both population- and
individual-based data and methods. Specifically,
incidences of alcohol-related antisocial beha-
viours have been compared across different
populations (for example, Wechsler et al., 1994;
Douglas et al., 1997; Weiser et al., 2006; Lane
et al., 2008; Umana et al., 2014; Zetola et al.,
2014). Individual-based studies, on the other
hand, have examined the correlation between
individual alcohol drinking patterns and inci-
dence of alcohol-related antisocial or risky
behaviours. They have found that heavy drinkers
are more likely to participate in risky activities or
undertake antisocial and unlawful behaviours (for
example, Cherpitel, 1995; Greenfield & Weisner,
1995; Beck et al., 2009; Petrie et al., 2010;
B�egue et al., 2012).
To the best of our knowledge, drinking patterns

have mostly been treated as exogenous in this

literature (see, for example, Greenfield & Weis-
ner, 1995; Markowitz et al., 2005; Salom�e et al.,
2005; Brown & Vanable, 2007). However, indi-
viduals’ drinking patterns and their inclination
towards antisocial behaviours under the influence
of alcohol are very likely to be driven by a
common set of unobservable factors. Thus, it may
be inappropriate to treat drinking patterns as
exogenous. For instance, as Gottfredson and
Hirschi (1990) argued, people who lack self-
control are more likely to engage not only in
antisocial or unlawful activities, but also negative
behaviours such as drinking, gambling and smok-
ing. In addition, some other personality traits
linked to individuals’ differences in behaviours,
such as impulsiveness, risk-taking and sensation-
seeking, are also believed to be related to alcohol
use and abuse (Cherpitel, 1993). Such confound-
ing factors can potentially obscure the extent of
correlations and induce endogeneity or simul-
taneity bias (Hayashi, 2000). Exceptions in this
literature are Chatterji et al. (2004) and Sen
(2002), where a recursive endogenous bivariate
probit model is used to respectively examine
suicide attempts among youth and sexual inter-
course among adolescents.
This paper aims to contribute to this growing

body of literature by studying the association of
binge drinking with alcohol-related antisocial and
unlawful behaviours, using a nationally represen-
tative individual-level dataset in Australia. We
make several specific contributions to this empir-
ical literature. We allow for the endogeneity of
binge drinking behaviour in its association with
negative behaviours and use alcohol price varia-
tion as instrumental variable to identify the
endogenous treatment effect. We also consider
several negative alcohol-related behaviours sepa-
rately rather than focusing on a single crime alone
as in most of the existing studies. We use a system
approach with a multivariate probit model to allow
for unobservable factors for all negative drinking
behaviours to be correlated. In addition, as the self-
reported drinking pattern variable is potentially
subject to misclassification, we explicitly allow for
possibilities of misclassification using a modified
maximum likelihood approach following Hausman
et al. (1998). Finally, our results provide useful
evidence to contribute to the limited empirical
literature in both Australia and overseas on the
association between binge drinking and antisocial
and unlawful behaviours.
The rest of this paper is set out as follows.

Section II details the data. Section III presents
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the econometric framework. Section IV discusses
the estimation results, and Section V concludes.

II Data
The data we use in this study are drawn from the

2001, 2004, 2007 and 2010 waves of the Australian
National Drug Strategy Household Survey
(NDSHS), involving 106,193 individuals (NDSHS,
2010). The NDSHS is a nationally representative
cross-sectional survey of the non-institutionalised
Australian civilian population aged 12 years and
older and is administered by the AIHW. The survey
provides information on drug use patterns, attitudes
and behaviour. It also provides a wide range of
information on respondents’ demographic and
socioeconomic backgrounds.
Key to our study is information on individuals’

antisocialbehavioursundertakenunder the influenceof
alcohol. In the survey, information on individuals’
antisocial behaviours is collected via a question asking
‘In the last 12 months, did you undertake the following
while under the influence of or affected by alcohol?’
The respondents then tick ‘Yes’ or ‘No’ for each of the
following activities: ‘Went to work’, ‘Went swim-
ming’, ‘Operated a boat’, ‘Drove a motor vehicle’,
‘Operated hazardous machinery’, ‘Created a public
disturbanceornuisance’, ‘Causeddamage toproperty’,
‘Stole money, goods or property’, ‘Verbally abused
someone’ and ‘Physically abused someone’.
In this paper, we focus on the following antiso-

cial and unlawful behaviours: ‘Drove a motor
vehicle’, ‘Created a public disturbance or nui-
sance’, ‘Caused damage to property’, ‘Stole
money, goods or property’, ‘Verbally abused
someone’ and ‘Physically abused someone’.
Table 1 displays the proportions of individuals in
the sample who participated in each of these
antisocial behaviours while under the influence of
alcohol, across waves of survey from 2001 to 2010.
For practical purposes, we categorise the

activities into three groups. Given similarities
among some of these behaviours, a natural
manner of grouping would be: driving (drove a
motor vehicle), disturbance (created a public
disturbance/nuisance or caused damage to prop-
erty), stealing (stole money, goods or property),
and abuse (verbally or physically abused some-
one). However, as can be seen in Table 1,
compared to other groups, the percentage of the
sample in the stealing group is rather small. We
therefore merge this group with the disturbance
group. Consequently, this combined group
includes both disturbance and stealing.

Table 2 depicts the proportions of subgroups of
individuals in the sample who participated in each
of the three groups of antisocial behaviours while
under the influence of alcohol, conditioned on
age, gender and waves of survey from 2001 to
2010. Throughout these four waves of survey,
participation rates of drink-driving dominate for
both males and females across all the age groups
except 12–17, who usually do not have a full
licence and to whom substantial restrictions on
driving apply in Australia. Clearly, disturbance
and abuse show a declining trend, but the
proportions are still quite significant, especially
for youth and young adults. The decline in drink-
driving for the 18–22 group may also reflect the
effectiveness of the introduction of a longer
probation period and zero alcohol tolerance
policy for probationary drivers. We also see that
in all age groups ranging from 18–22 to 60+, male
drinkers tend to be more likely to participate in
all the three types of antisocial behaviours than
female drinkers, while under the influence of
alcohol. In contrast, female drinkers in the 12–17
age group who were surveyed in 2004 and 2010
are more likely to have verbally or physically
abused someone than male drinkers from the
same age group surveyed in the same year.
Binge drinking is generally recognised as

drinking heavily on an occasion. The harmful
consequences pertaining to alcohol consumption
are generally linked with heavy or binge drinking.
Not only does binge drinking, especially among
adolescents and young adults, result in a high
incidence of vehicle crashes, crime and violence,
but it also has detrimental and often irreversible

TABLE 1
Sample Participation in Antisocial Behaviours for

Drinkers (per cent)

2001 2004 2007 2010

Drove a motor vehicle 13.11 12.75 12.11 11.35
Created a public
disturbance or
nuisance

2.39 2.27 2.12 1.91

Caused damage
to property

1.39 1.28 1.21 1.10

Stole money, goods
or property

0.50 0.35 0.33 0.32

Verbally abused
someone

5.49 5.30 4.68 4.09

Physically abused
someone

1.01 0.92 0.88 0.74
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consequences in terms of health, human capital
and social status. However, while drinkers can be
clearly defined as those who have consumed
alcohol in the past year and the rest are defined as
abstainers, which results into a subsample of
82,053 drinkers in this study, how to define

bingeing has been controversial in the literature.
The definition disagrees on, among other things,
the units of measurement of alcohol beverages
and the number of drinks. In the absence of a
unified measurement of binge drinking, in this
study risk levels related to short-term harm from

TABLE 2
Sample Participation in Aggregate Antisocial Behaviour Groups for Drinkers Conditioned on Age, Gender and Year

(per cent)

Age group 2001 2004 2007 2010

12 –17 Male Driving 8.00 4.95 4.70 3.52
Disturbance 24.48 15.52 15.05 16.02
Abuse 23.56 17.37 14.81 10.09

Female Driving 4.20 3.60 2.28 4.15
Disturbance 16.33 11.92 14.73 16.21
Abuse 17.96 17.62 14.53 12.11

18 –22 Male Driving 29.73 28.73 22.74 21.59
Disturbance 29.30 25.20 25.78 20.58
Abuse 31.68 29.32 26.00 20.94

Female Driving 17.51 15.35 16.23 13.65
Disturbance 11.39 10.72 10.09 9.60
Abuse 15.49 17.68 15.63 14.00

23 –29 Male Driving 34.49 34.92 33.38 24.69
Disturbance 10.35 13.48 16.05 13.10
Abuse 15.68 17.99 18.48 15.14

Female Driving 17.22 18.02 16.52 15.15
Disturbance 3.36 4.32 4.27 5.12
Abuse 8.34 9.27 9.22 7.70

30 –39 Male Driving 27.73 30.33 25.09 24.40
Disturbance 2.94 4.34 4.65 3.56
Abuse 8.47 10.03 9.20 7.43

Female Driving 14.77 14.30 13.48 11.59
Disturbance 1.00 1.61 1.11 1.53
Abuse 4.70 4.72 4.40 4.30

40 –49 Male Driving 25.48 26.11 22.17 21.00
Disturbance 1.15 1.62 1.47 1.77
Abuse 6.28 6.28 5.51 4.94

Female Driving 15.07 14.82 12.74 10.55
Disturbance 0.38 0.87 0.97 0.62
Abuse 3.24 3.97 3.20 2.89

50 –59 Male Driving 19.05 20.28 19.06 18.65
Disturbance 0.58 1.05 0.95 0.82
Abuse 4.58 3.27 4.06 3.32

Female Driving 8.05 8.31 10.62 8.56
Disturbance 0.24 0.30 0.24 0.43
Abuse 1.65 1.46 2.16 1.98

60+ Male Driving 8.53 9.74 11.50 11.02
Disturbance 0.15 0.25 0.09 0.22
Abuse 1.36 1.34 1.49 1.38

Female Driving 2.00 3.18 3.87 3.18
Disturbance 0.00 0.10 0.05 0.08
Abuse 0.48 0.45 0.50 0.44

Notes: Driving: drove a motor vehicle; Disturbance: created a public disturbance/nuisance, caused damage to property, or stole
money, goods or property; Abuse: verbally or physically abused someone.
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drinking, as defined in the 2001 National Health
and Medical Research Council Alcohol Guideli-
nes (National Health and Medical Research
Council, 2001), are used to group drinkers by
different drinking patterns. Therefore, bingers are
defined as those who have engaged in medium- to
high-risk drinking in the past year: specifically,
men drinking at least seven standard drinks and
women drinking at least five standard drinks on a
single occasion. This definition of binge or heavy
drinking has also been adopted in several other
studies on binge drinking (for example, Cha-
loupka & Wechsler, 1996; Williams et al., 2002;
Srivastava & Zhao, 2010).1,2

We define individuals as bingers based on the
survey question where they were asked to report
their drinking patterns in the last 12 months.
Specifically, respondents were requested to
record ‘how often in the last 12 months you have
had each of the following number of standard
drinks in a day’. Respondents had to choose from
a grid with the vertical array displaying the
number of standard drinks, from ‘20 or more
drinks’, ‘11–19 standard drinks’ to ‘less than 1
standard drink’ or ‘none’, and the horizontal array
displaying the frequency from ‘every day’, ‘5 to
six days a week’ to ‘about once a month’, ‘less
often’ or ‘never’. A snapshot of this question is
given in Figure A1 in the supplementary online
appendix.
On the basis of the 2001 NHMRC Alcohol

Guidelines, if a man has ever, even if the
frequency is ‘less often’ (see Figure A1), found
himself associated with any of the three drinking

scenarios ‘7–10 standard drinks a day’, ‘11–19
standard drinks a day’ and ‘20 or more standard
drinks a day’, he is defined as a binger engaging
in medium- to high-risk drinking; if a woman has
ever, even if the frequency is ‘less often’ (see
Figure A1), found herself associated with any of
the four drinking scenarios ‘5–6 standard drinks a
day’, ‘7–10 standard drinks a day’, ‘11–19
standard drinks a day’ and ‘20 or more standard
drinks a day’, she is defined as a binger engaging
in medium- to high-risk drinking.
In Table 3, we see that most of the respondents

(about 80 per cent) from each wave of the survey
are drinkers and around 30–35 per cent are
bingers. For obvious reasons, in this study
drinkers and bingers are of principal interest to
us. The observed unconditional correlation coef-
ficients between the antisocial behaviours under-
taken under the influence of alcohol and drinking
pattern are presented in Table A1 in the supple-
mentary online appendix. Table A1 clearly shows
that drinking pattern (bingeing or not) is corre-
lated with alcohol-related antisocial behaviours.
In our econometric model, we control for a

range of individual socioeconomic, demographic
and lifestyle factors, as well as (aggregated)
alcohol price. Details of all dependent and
explanatory variables used in this study are
presented in Table A2 and Table A3 in the
supplementary online appendix.

III Econometric Framework and Estimation
Issues

To jointly study the association between binge
drinking and alcohol-related antisocial beha-
viours, we specify a system of probit equations
with a triangular endogenous structure,3 which

TABLE 3
Participation Rates by Drinking Patterns (per cent)

2001 2004 2007 2010

Abstainer 19.36 19.42 21.23 22.79
Drinker 80.64 80.58 78.77 77.21
Binger 34.77 35.95 31.63 30.61

Note: Figures pertain to percentages out of the whole sample
of a specific year.
Source: NDSHS (2010).

1 In March 2009, the NHMRC released a new set of
guidelines on alcohol consumption and health risks.
However, this new set of guidelines is controversial in
that although, in recognition of the fact that the lifetime
risk of harm from consuming alcohol increases pro-
gressively with the amount consumed (National Health
and Medical Research Council, 2009), the previous
threshold-based definitions for risky or high-risk drink-
ing were removed. In particular, the 2009 guidelines
recommend that drinking no more than two standard
drinks, for both men and women, on any day reduces
the lifetime risk of harm from alcohol-related disease or
injury. To conform to the definition of binge drinking
conventionally used in previous studies we follow the
2001 guidelines.

2 We have also rerun our model with the alternative
definition of binge drinking, which only represents the
high-risk drinking pattern. It shows that our results are
generally robust against this alternative definition. The
full results are available from the authors upon request.

3 For a similar bivariate case, see Greene (2007,
p. 823) and Maddala (1983, p. 123).
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allows binge drinking to be determined endo-
genously. Let Y�

i;B, Y
�
i;Driving, Y

�
i;Disturbanceand Y�

i;Abuse

denote the propensity of the ith individual to
participate in binge drinking and the three alco-
hol-related antisocial behaviours. The four latent
variables are mapped to observed binary dummy
variables Yi;B, Yi;Driving, Yi;Disturbanceand Yi;Abuse

using:

Yi;L ¼ 1; if Y�
i;L [ 0;

0; if Y�
i;L � 0;

�
ð1Þ

where L�{B, Driving, Disturbance, Abuse}, and
Yi,L = 1 denotes participation and Yi,L = 0 other-
wise.
We specify the system of equations as follows:

where X0
i;B, X

0
i;Driving, X

0
i;Disturbance and X0

i;Abuse are
vectors of exogenous covariates. The error terms
in the respective equations are assumed to inde-
pendently and identically follow a multivariate
normal distribution with mean zero and covari-
ance matrix Σ; that is, (ei,B, ei,Driving, ei,Disturbance,
ei,Abuse)

0~MVN (0, Σ), where

We assume Var(ei,L) � 1 (L 2 {B, Driving,
Disturbance, Abuse}) in order for the parameters
to be identified separately from the variance of e
(Greene, 2007). Equations (1)–(3) together spec-
ify an endogenous multivariate probit (MVP)
system model with a recursive simultaneous
structure that jointly determines the binge drink-
ing decision and the three decisions to participate
in antisocial behaviours while under the influence
of alcohol. Specifically, the MVP specification
with potentially non-zero off-diagonal elements
in Σ allows for correlations across the disturbances of

the four latent equations. Note that when the off-
diagonal elements in Σ equal zero the MVP model
reduces to four independent probit models which
can then be estimated separately.
Identification is a major concern when estimat-

ing systems of equations. Although identification
can be achieved under the assumed data generat-
ing process (DGP) of the multivariate normal
distribution due to the non-linearity of the MVP
model, Li et al. (2014) show that, under the
partial identification framework where the true
DGP is allowed to be from a broader class beyond
the MVP, the existence of instrumental variables
is crucial for narrowing the confidence bounds for
average treatment effects. Monfardini and Radice
(2008) also show that even if the distribution of

errors is misspecified, exclusion restrictions pre-
serve the validity of the inference in finite
sample. So, besides relying on the functional
form of the MVP for identification, we follow the
literature and impose exclusion restrictions to
allow identification under more robust assump-
tions. Specifically, Xi,B needs to contain instru-

ment(s) which do not appear in X0
i;Driving,

X0
i;Disturbance and X0

i;Abuse.
In the literature a wide range of variables have

been used to instrument the use of drugs such as
tobacco, alcohol, marijuana, cocaine (for a
detailed survey of various instruments, see
French & Popovici, 2011). Typical instruments
for alcohol consumption include family charac-
teristics, such as parent with alcohol problems
and parent’s smoking status (Koch & McGeary,
2005; French & Maclean, 2006; Renna, 2007);
personal beliefs/characteristics, such as religiosity,

Y�
i;B ¼ X0

i;BbB þ ei;B;

Y�
i;Driving ¼ X0

i;DrivingbDriving þ aDrivingYi;B þ ei;Driving;

Y�
i;Disturbance ¼ X0

i;DisturbancebDisturbance þ aDisturbanceYi;B þ ei;Disturbance;

Y�
i;Abuse ¼ X0

i;AbusebAbuse þ aAbuseYi;B þ ei;Abuse

8>>>><
>>>>:

ð2Þ

X
¼

1 qB;Driving qB;Disturbance qB;Abuse

qB;Driving 1 qDriving;Disturbance qDriving;Abuse

qB;Disturbance qDriving;Disturbance 1 qDisturbance;Abuse

qB;Abuse qDriving;Abuse qDisturbance;Abuse 1

0
BB@

1
CCA ð3Þ
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smoked at age 18, and chronic disease/health
(Wolaver, 2002; Williams et al., 2003; Renna,
2007); and state laws, taxes, policies and prices,
such as state minimum legal drinking age, state
beer taxes and alcohol prices (Bray, 2005;
Williams, 2005; Renna, 2008).
We use the Australian price index of alcohol

deflated using the consumer price index (which
varies by state of residence and year) as an
instrument for alcohol consumption in this study
(Australian Bureau of Statistics, 2011). A price
index, defined as a normalised average of price
relatives, compares how price relatives differ
between time periods. According to the down-
ward-sloping standard demand schedule, the
demand for alcohol is inversely proportional to
its price. There is a rich body of evidence in the
literature showing that alcohol price is signifi-
cantly correlated with alcohol consumption
(Bray, 2005; Anderson et al., 2009; Babor et al.,
2010). In addition, since the variation in alcohol
price index is not directly correlated with unob-
servable factors affecting individuals’ antisocial
behaviour participation, such as impulsiveness,
risk-taking and sensation-seeking, once alcohol
drinking pattern and other observables have been
controlled for, the alcohol price index can be
regarded as a valid instrument for the purpose of
this study.
Another potential issue with our analysis is

‘misclassification’ with respect to the dichoto-
mous binge variable. Misclassification refers to a
response classified in the wrong category. As
described in the previous section, the binge
drinking variable is constructed from a survey
question which asks respondents to report their
drinking patterns in the last 12 months. Respon-
dents had to choose from a grid with the vertical
array displaying the number of standard drinks
from ‘20 or more drinks’, ‘11–19 standard drinks’
to ‘less than 1 standard drink’ or ‘none’, and the
horizontal array displaying the frequency from
‘every day’, ‘five to six days a week’ to ‘about
once a month’, ‘less often’ or ‘never’ (see
Figure A1). Given the complex structure of this
question, which involves a multitude of alterna-
tives and a long recall period, the information
used to construct the drinking pattern variable is
more likely to be subject to misclassification error
than if a straightforward and general question had
been presented. In a discrete-response model, the
misclassification of dependent variables renders
coefficient estimates inconsistent when estima-
tion techniques such as probit or logit are used.

This potentially has even more severe conse-
quences in the MVP system specification where
the alcohol consumption variable is endogenous.
Note that one may also have similar concerns

with regard to the other three dependent variables
(i.e. antisocial behaviours). Given the long recall
period (one year) and the antisocial and unlawful
nature of these behaviours, responses relating to
these behaviours are also likely to be misclassified.
However, we do not explicitly account for mis-
classification for these for the following reasons.
First, unlike the binge question, the behaviour-
related survey question is quite straightforward
and general. Second, the survey is anonymous and
uses a drop-and-collect method which should
significantly reduce the need for intentional mis-
reporting. So we expect the degree of misreporting
is lower than that for the binge question. Finally,
further allowing for misclassification in the anti-
social behaviours increases the complexity of the
model substantially, given the need to numerically
evaluate another four-dimensional integral. The
maximisation of the very complex likelihood
function failed in such an attempt.
A modified maximum likelihood approach,

proposed by Hausman et al. (1998), is employed
to correct for potential misclassification of the
binge drinking variable. This approach is further
extended to dynamic discrete choice scenarios by
Keane and Sauer (2009). Specifically, let ~Yi;B
denote the true response for the underlying latent
variable Y�

i;B, that is,

~Yi;B ¼ IðY�
i;B [ 0Þ; ð4Þ

where I(E) is the indicator function equal to one if
E is true and zero otherwise. Following Hausman
et al. (1998), the probability of misclassification of
the bingeing variable depends on the values of ~Yi;B,
and is assumed to be independent of the covariates
and other dependent variables in the MVP model.
Accordingly, if Yi,B denotes the observed bingeing
indicator variable, the misclassification probabilities
can be defined as:

a0 ¼ PðYi;B ¼ 1j ~Yi;B ¼ 0Þ;
a1 ¼ PðYi;B ¼ 0j ~Yi;B ¼ 1Þ; ð5Þ

where a0 is the probability that a zero is
misclassified as a one, and a1 is the probability
that a one is misclassified as a zero.
Given a random sample of N households, on the

assumption that error terms in (2) follow a
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multivariate normal distribution, the system of
equations can be consistently and efficiently
estimated by maximising the following modified
log-likelihood function, corrected for misclassi-
fication:

where di;lmnk ¼ Ið ~Yi;B ¼ l; Yi;Driving ¼
m; Yi;Disturbance ¼ n; Yi;Abuse ¼ kÞ and

where

and Φ4(�,
P

) is a four-variate standard normal
cumulative distribution function (cdf) with the
variance–covariance matrix

P
. Hausman et al.

(1998) pointed out that the only assumption
required for identification of this model (besides
the usual condition that E(X0X) exists and is of
full rank) is that a0 + a1<1. This implies that the
classification problem cannot be so severe that
respondents are misclassified more often than not,
which is certainly a mild assumption.
Our system model is estimated using Stata 13.

Since the estimation of the model involves
evaluating a four-variate standard normal cdf, a
recursive conditioning procedure known as the
GHK smooth recursive probability simulator
(Geweke, 1989; Borsch-Supan & Hajivassiliou,
1993; Keane, 1994) is employed. The computa-
tion of marginal effects and treatment effects is

complex, given the endogenous structure of the
model and the presence of common variables
across the four equations. This results in joint and
conditional probabilities that are highly non-
linear functions of X, making analytical solutions

of marginal effects and treatment effects difficult
to obtain. We therefore estimate them in R via
numerical derivatives of the multivariate normal
distribution function with respect to the exoge-
nous variables. Standard errors of the estimated
marginal effects and treatment effects are com-
puted by a bootstrapping procedure in which 500
new samples are randomly drawn with replacement.

IV Results

(i) Correlation and Misclassification
Tables 4 and 5 report the estimated parameters

and corresponding standard errors of the MVP
system model presented in equations (1)–(3). We
begin by examining pairwise correlation coeffi-
cient estimates between the error terms in the four
equations (Table 4). The correlations between the
three antisocial behaviour equations are all statis-

XN
i¼1

X1
l¼0

X1
m¼0

X1
n¼0

X1
k¼0

di;lmnk logfPð ~Yi;B ¼ l; Yi;Driving ¼ m; Yi;Disturbance ¼ n; Yi;Abuse ¼ kj

Xi;B;Xi;Driving;Xi;Disturbance;Xi;AbuseÞ � ð1� alÞ þ Pð ~Yi;B ¼ 1� l; Yi;Driving ¼ m; Yi;Disturbance ¼ n;

Yi;Abuse ¼ kjXi;B;Xi;Driving;Xi;Disturbance;Xi;AbuseÞ � a1�lg;

ð6Þ

Pð ~Yi;B ¼ l; Yi;Driving ¼ m; Yi;Disturbance ¼ n; Yi;Abuse ¼ kjXi;B;Xi;Driving;Xi;Disturbance;Xi;AbuseÞ
¼ U4½ð2l� 1ÞX0

i;BbB; ð2m� 1ÞðX0
i;DrivingbDriving þ aDrivinglÞ; ð2n� 1ÞðX0

i;DisturbancebDisturbance

þ aDisturbancelÞ; ð2k � 1ÞðX0
i;AbusebAbuse þ aAbuselÞ;R�;

R ¼
1 ð2l�1Þð2m�1ÞqB;Driving ð2l�1Þð2n�1ÞqB;Disturbance ð2l�1Þð2k�1ÞqB;Abuse

ð2l�1Þð2m�1ÞqB;Driving 1 ð2m�1Þð2n�1ÞqDriving;Disturbance ð2m�1Þð2k�1ÞqDriving;Abuse

ð2l�1Þð2n�1ÞqB;Disturbance ð2m�1Þð2n�1ÞqDriving;Disturbance 1 ð2n�1Þð2k�1ÞqDisturbance;Abuse

ð2l�1Þð2k�1ÞqB;Abuse ð2m�1Þð2k�1ÞqDriving;Abuse ð2n�1Þð2k�1ÞqDisturbance;Abuse 1

0
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1
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tically significant at the 1 per cent level, suggesting
that after controlling for observable individual
characteristics and binge drinking, there are still
significant common unobservable factors driving
all three behaviours. Among these correlations, the
one between disturbance (created a public distur-
bance/nuisance, caused damage to property, or
stole money, goods or property) and abuse (ver-
bally or physically abused someone) is the highest
at 0.497, which is consistent with intuition and
observed correlations in Table A1. Interestingly
and somewhat surprisingly, the correlations of the
error terms in the binge equation and the antisocial
behaviour equations are all small and statistically
insignificant, suggesting a weak case for its endo-
geneity. This seems to suggest that common
observable factors and binge drinking are the main
sources of observed correlation between negative
behaviours and binge in Table A1. There are no
significant unobservable common factors that lead
to bingeing and also lead to antisocial behaviours,
once binge drinking is explicitly controlled for in
the behaviour equations.
The misclassification probability coefficient a1

is also statistically significantly different from
zero at the 1 per cent significance level as seen in
Table 5, justifying the need to address misclas-
sification. This shows that there is a 9.9 per cent
chance of under-reporting when a respondent
does not report bingeing but is in fact a binger.
The estimate for coefficient a0 is statistically
insignificant, so we do not find evidence for
falsely reporting bingeing, or over-reporting.

(ii) Effect of Bingeing on Antisocial Behaviours
We report in the first row of Table 6 the

average treatment effects of binge drinking on the

alcohol-related antisocial behaviours. As
expected, bingers are more likely to exhibit all
three types of antisocial behaviours while under
the influence of alcohol. In particular, bingers are
more likely to drink and drive (14.4 percentage
points (pp)), create a public disturbance/nuisance,
cause damage to property, or steal money, goods
or property (2.3 pp), and verbally or physically
abuse someone (8.4 pp), while under the influence
of alcohol. This is consistent with other studies
which have found a strong association between
drink-driving and binge drinking (see, for exam-
ple, Quinlan et al., 2005). The model was rerun
with the alternative definition of binge drinking,
which only represents the high-risk drinking
pattern. The results show even higher average
treatment effects of bingeing on antisocial
behaviours under the influence of alcohol. Speci-
fically, the average treatment effects of bingeing
on driving, disturbance and abuse respectively
increase from 14.4 pp to 17.0 pp, from 2.3 pp to
4.2 pp and from 8.4 pp to 11.8 pp. Overall, the
average treatment effect of bingeing on any
antisocial behaviour under the influence of
alcohol increases from 25 pp to 33 pp.4

In the case of the linear seemingly unrelated
regressions (SUR) model with normally dis-
tributed disturbances, it was shown by Zellner
(1962) that, when the equations have identical
regressors or when a subset of regressors are
omitted from a block of equations via exclusion
restrictions, the multivariate maximum likelihood
estimator is equivalent to a single-equation ordi-
nary least square or maximum likelihood estima-

TABLE 4
Estimated Correlation Coefficients p̂ from the Multivariate Probit Model

Driving Disturbance Abuse Binge

Driving 1 0.283*** 0.280*** 0.004
(0.014) (0.011) (0.023)

Disturbance 1 0.497*** �0.074
(0.011) (0.049)

Abuse 1 �0.033
(0.034)

Binge 1

Notes: Driving: drove a motor vehicle; Disturbance: created a public disturbance/nuisance, caused damage to property, or stole
money, goods or property; Abuse: verbally or physically abused someone. Standard errors, given in parentheses, are derived by a
bootstrapping procedure in which 500 new samples are randomly drawn with replacement.
*Significant at 10%, **Significant at 5%, ***Significant at 1%.

4 The full results are available from the authors upon
request.
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tor, and there is no efficiency gain from a system
estimation. Although what we have here is a
non-linear system model that also involves an
endogenous regressor on the right-hand side, it
would be interesting to examine whether consid-
ering all three negative behaviours jointly in a
system model makes much difference compared
to considering each behaviour separately.5 To
investigate this, we estimate a separate bivariate
probit model for each of the three antisocial
behaviours with binge drinking as an endogenous
treatment variable. The estimated coefficients and
marginal effects are presented in Tables A4–A9
in the supplementary online appendix. We can see
that the estimated treatment effects of binge
drinking on the respective antisocial behaviours
from the three bivariate probit models are not
very substantial (the relevant differences in
average treatment effects of binge drinking are
respectively 0.00 per cent, 8.70 per cent and
11.90 per cent from those from the four-
equation MVP in Table 6). The small difference
for this application could be mainly due to
computational differences as would be the case
for a linear SUR model or due to the non-linearity
of the model. It is also interesting to speculate
whether the lack of evidence of endogeneity in
this example contributes to similar results from
the two approaches.6

(iii) Demographic and Socioeconomic Effects
Now, we turn towards the demographic and

socioeconomic effects. Table 5 reports the esti-
mated coefficients and corresponding standard
errors for all exogenous variables. Whilst the

coefficients are not very meaningful in probit
models, they do indicate the direction of rela-
tionships with the latent dependent variables. For
example, a negative coefficient on marital status
across all four equations indicates that being
married is negatively associated with the latent
propensity to participate in antisocial behaviours
and binge drinking. In general, the coefficients
are statistically significant. More meaningful are
the marginal effects in terms of probability
changes rather than changes in the latent propen-
sity. Due to the endogenous structure of the
model and the presence of common variables, the
marginal effect of an exogenous explanatory
variable is computationally complex as it has a
direct and an indirect component. Consider, for
example, a common covariate x that appears in all
four equations. The total marginal effect of x on,
say, the probability of drink-driving comprises a
direct effect of x on the probability of drink-
driving and an indirect effect through the effect of
binge drinking (see, for example, Greene, 2007).
This indirect effect may either counter or rein-
force the direct effect.
Table 6 reports the marginal effects of all

exogenous variables in the model. The first
column shows marginal effects on the probability
of binge drinking, while the remaining columns
present marginal effects related to the three
antisocial behaviours. Given the presence of an
endogenous variable in each of the antisocial
behaviour equations, the marginal effects com-
prise three components: direct, indirect and total
effects. Most of the significant variables in
Table 6 have the expected signs. Age is a
significant determinant in all four equations. To
allow for a more flexible age profile for partic-
ipation, we enter age bands (instead of continuous
age) in the model.7 As expected, youth and
young adults are more likely to engage in binge
drinking and alcohol-related antisocial beha-
viours. For instance, compared to individuals
aged over 60, which is the reference group, young
adults (aged 23–29) are 62.5 pp and 15.2 pp more
likely to exhibit binge drinking and drink-driving,
respectively. We find more or less similar age
patterns for the disturbance and abuse behaviours,

5 This was suggested by an anonymous referee.
6 The 10 per cent significance for the instrumental

variable coefficient and marginal effect estimates in the
bingeing equation, as shown in Tables 5 and 6, as well
as in Tables A4–A9, raises concerns for potential weak
instrument problem and for the identification of treat-
ment effects on outcome variables. In fact, they all have
P-values of around 0.07. A Stock and Yogo (2005)
weak instrumental variables test for linear instrumental
variable models would not be appropriate as we have a
non-linear model with a binary outcome variable and a
binary treatment variable, and a weak instrument test
for non-linear models is not yet available. However, our
estimates for the average treatment effects of bingeing
on all three antisocial behaviours are statistically highly
significant, suggesting that there are most likely no
serious issues of identification or biased estimates for
the treatment effects. We thank an anonymous referee
for raising this issue.

7 Following a referee’s suggestion, we split the 12–
29 age group into 12–17, 18–22 and 22–29 bands in
view of the age restrictions on purchasing alcohol,
driving a car and the zero-tolerance policies in early
years of driving.

© 2016 Economic Society of Australia

234 ECONOMIC RECORD JUNE



with the 12–29 age groups being more likely to
engage in such activities.
It is interesting to note some of the contrasting

findings relating to the direct and indirect effects
across the same variables. Let us take the
marginal effect of the 12–17 age group on the
probability of drink-driving as an example. Being
in the 12–17 age group is associated with a 7.9 pp
lower probability of drink-driving overall. This is
a result of the 13.1 pp lower direct effect of this
age group on drink-driving (due to being less
likely to drive, being supervised driving or zero-
tolerance driving restrictions in this young age
group) being offset by a positive indirect effect of
5.1 pp on drink-driving via the binge drinking
equation (because 12–17-year-olds have a higher
probability of bingeing and engaging in antisocial
behaviours).
With regard to gender, males are significantly

more likely to binge and participate in all three
alcohol-related antisocial behaviours, with mar-
ginal effects of 1.4 pp for disturbance, 3.4 pp for
abuse, to 10.2 pp for driving. In terms of marital
status, being married is associated with a lower
probability of binge drinking and antisocial
behaviours. We also observe some significant
effects of household structure, race and remote-
ness on binge drinking and antisocial behaviours.
Specifically, those coming from households with
dependent children are less likely to binge and
participate in antisocial behaviours. Being an
Aboriginal or Torres Strait Islander is positively
associated with binge drinking and anti-social
behaviours under the influence of alcohol. Living
in capital cities is associated with a significantly
lower probability of binge drinking and drink-
driving.
The effects of individuals’ main occupation

vary across binge drinking and the antisocial
behaviours, although we find a consistent associ-
ation of unemployment status with most activi-
ties. Relative to those who are retired, on a
pension or engaged in home duties, both those
who work and those who are unemployed are
more likely to binge and more likely to drink and
drive. While the effects on disturbance (creating a
public disturbance/nuisance, caused damage to
property, or stole money, goods or property) are
not statistically significant or only statistically
significant at 10 per cent significance level, we
find that relative to the reference group, those
who are unemployed are more likely, while those
who study are less likely, to engage in activities
such as verbally or physically abusing someone.

Where significant, unemployment status has the
largest effect on the activities. Specifically, rel-
ative to the reference group, those who are
unemployed are 7.9 pp, 3.9 pp, 0.4 pp and 2.4
pp more likely to binge and engage in driving,
disturbance and abuse, respectively, while under
the influence of alcohol.
Education can be considered as a proxy for

social class. Consistent with intuition, being
educated is negatively related to binge drinking
and antisocial behaviours such as disturbance and
abuse. However, we find a significant positive
association of education with drink-driving. In
particular, relative to those with less than Year 12
qualifications, those who have a tertiary degree
are 9.4 pp, 0.4 pp and 2.2 pp less likely to engage
in binge drinking, disturbance and abuse, respec-
tively, but 2.6 pp more likely to drink and drive.
Next, we look at the impact of income on binge

drinking and antisocial behaviours. The inclusion
of both a linear and a quadratic term of the
logarithm of household real income in the anal-
ysis allows for a more flexible effect of income on
the probability of engaging in the four activities.
A more sensible illustration of the impact of
income is a plot of the predicted participation
probabilities for the real income range covered by
the sample. Figure 1 depicts the plots of the
predicted probabilities for the four activities and
corresponding 95 per cent confidence intervals.
Controlling for other observed explanatory vari-
ables, such as education and work status, we find
a U-shaped relationship of income with bingeing
and abusing under the influence of alcohol, that
is, individuals at both ends of the income distri-
bution have higher probabilities of engaging in
binge drinking and abuse. In contrast, disturbance
participation decreases significantly as income
increases. A slightly increasing income profile of
driving is observed, indicating that individuals
with higher income are slightly more likely to
drink and drive.
Finally, we turn to our price variable which we

use as an instrument in the binge drinking
equation. As expected, the marginal effect of
price is negative and statistically significant.
Specifically, a 1 per cent increase from the mean
of the aggregate real price will reduce the
probability of binge drinking by 0.13 pp. Equiv-
alently, evaluated at the sample mean, the
marginal effect represents a participation elastic-
ity of �0.30. Note that probability elasticity
represents a percentage change rather than an
absolute change in drinking probability in
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response to a 1 per cent change in price. Here, a
price probability elasticity of �0.30 indicates that
a 1 per cent rise in the price index of alcohol will
result in a 0.30 per cent reduction in the proba-
bility of binge drinking. This indicates that the
demand for alcohol is fairly inelastic to price,
which is consistent with previous studies. For
instance, Gallet (2007) conducted an extensive
meta-analysis of 132 studies which provide 1,172
estimated price elasticity observations for the
consumption of beer, wine, spirits and alcohol.
Across all the 263 elasticities reported for alco-
hol, the median elasticity was �0.49.
Since the price variable only appears in the

binge drinking equation, it has an indirect effect
on the antisocial behaviours. Our results show
that a 1 per cent increase in the price index of
alcohol will reduce the drink-driving probability
by 0.11 per cent. The same price increase will
result in 0.10 per cent and 0.18 per cent reduc-
tions in the probability of disturbance and abuse,
respectively. We also re-estimated the model
using the price indices of three alcohol subcate-
gories, beer, wine and spirits, and our results are
found to be quite robust.8

In summary, we also present in Table 7 the
total marginal effects of the factors considered on

the probability of participating in any one of the
antisocial and unlawful behaviours.9 Our results
indicate that youth and young adults, married
individuals, being unemployed and being an
Aboriginal or Torres Strait Islander are positively
associated with alcohol-related antisocial beha-
viours. On the other hand, having children at
home and having higher education have a nega-
tive association with most of the antisocial
behaviours. We also find a significant effect of
price on binge drinking, and finally binge drink-
ing has a significant effect on all three anti-social
behaviours, with the higher impact on drink-
driving.

V Conclusion
This paper uses a multivariate probit system

model with a recursive structure and unit record
data from the Australia National Drug Strategy
Household Surveys to study the relationship
between binge drinking and alcohol-related anti-
social and unlawful behaviours, and the socio-
economic and demographic determinants of such
behaviours. Our modelling approach takes
account of the potential endogeneity of bingeing
and the intrinsic correlation across all four
alcohol-related negative behaviours via unob-
served individual heterogeneity.

FIGURE 1
Income Effect on Binge Drinking, Driving, Disturbance and Abuse

7 8 9 10 11

0.
30

0.
45

0.
60

logIncome

P
(B

in
ge

 =
 1

)

7 8 9 10 11

0.
0

0.
2

0.
4

logIncome

P
(D

riv
in

g 
= 

1)

7 8 9 10 11

0.
00

0.
02

0.
04

logIncome

P
(D

is
tu

rb
an

ce
 =

 1
)

7 8 9 10 11

0.
03

0.
06

0.
09

logIncome

P
(A

bu
se

 =
 1

)
95% upper bound prediction 95% lower bound

8 These results are available from the authors upon
request. 9 This was suggested by an anonymous referee.
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Interestingly, we do not find statistically sig-
nificant evidence for binge drinking being
endogenous in the determination of antisocial
behaviours. Whilst bingeing significantly
increases the probabilities of all three groups of
negative behaviours, as shown by the significant
and positive treatment effects, its error term does
not seem to be significantly correlated with the
three other structural error terms once bingeing
explicitly enters these equations. This result
seems to suggest that unobservable factors such
as personal traits that make a person binge are not
strongly correlated with the remaining unobserv-
able personal traits that subject the person to
antisocial behaviours once common observable

exogenous factors such as age profile and the act
of bingeing itself are controlled for.
We find strong evidence of common unobserv-

able factors for all three antisocial and unlawful
behaviours even after the act of binge drinking is
explicitly controlled for. Although there may or
may not be an argument for considering each
negative behaviour separately with a simpler
bivariate probit model in terms of estimating the
slope coefficients, based on the results for the
linear SUR models, our system model offers the
extra benefit of quantifying the unobservable
correlations among the different negative drink-
ing behaviours. Such information can be useful
for policy design in tackling negative drinking
behaviours jointly via studying the joint and
conditional probabilities, as illustrated in Ramful
and Zhao (2008). Correlations of the unobserv-
able factors between outcome variables in the
linear SUR models can be easily obtained after
estimating a single-equation ordinary least
square, but this is not the case for the non-linear
probit model here where the latent errors are not
observable.
We also find strong evidence for a 9.9 per cent

probability of under-reporting for binge drinking,
but no evidence for over-reporting. Due to the
complexity of the data collection process for
alcohol consumption, the potential for misclassi-
fication in binge drinking is addressed with a
modified maximum likelihood function allowing
for misreporting probabilities to be estimated
explicitly.
Our results show that young adults (aged: 18–

29) are most likely among all age groups to be
involved in binge drinking, drink-driving, creat-
ing public disturbance/nuisance, stealing money,
goods or property, or verbally or physically
abusing someone while under the influence of
alcohol. In terms of the total effect on the
probabilities of negative behaviours, males, the
unmarried, the unemployed, the less educated,
and Aboriginals or Torres Strait Islanders are
more likely to be engaged in causing disturbance
and physical and verbal abusive behaviours.
Finally, we find that bingeing has a significant

effect on increasing the probabilities of partici-
pating in all three negative alcohol related
behaviours. Being highly intoxicated or commit-
ting the act of bingeing is shown to increase the
probability of participating in any one of the
antisocial and unlawful behaviours by 25 per-
centage points (as shown in Table 7). This is a
large effect, considering the very low participa-

TABLE 7
Results of Multivariate Model: Total Marginal Effects

on the Probability of Any Antisocial Behaviour

P(any antisocial
behaviour = 1)

ME SE

Binge 0.251 (0.012)***
Aged 12 –17 0.104 (0.021)***
Aged 18 –22 0.343 (0.018)***
Aged 23 –29 0.325 (0.014)***
Aged 30 –39 0.248 (0.011)***
Aged 40 –49 0.198 (0.010)***
Aged 50 –59 0.117 (0.009)***
Log of real income �0.207 (0.054)***
(Log of real income)2 0.012 (0.003)***
With dependent children �0.030 (0.005)***
Non-dependent children �0.029 (0.007)***
Year 2001 0.030 (0.008)***
Year 2004 0.042 (0.007)***
Year 2007 0.031 (0.006)***
Male 0.150 (0.005)***
Married �0.096 (0.005)***
Work 0.035 (0.006)***
Unemployed 0.067 (0.013)***
Studying �0.012 (0.016)
Tertiary degree 0.000 (0.007)
Diploma 0.016 (0.005)***
Year 12 0.016 (0.007)**
Aboriginal or Torres
Strait Islander origin

0.071 (0.016)***

Living in capital �0.017 (0.004)***
Price of alcoholic drinks �0.032 (0.018)*

Notes: ME: marginal effect. Standard errors, given in paren-
theses, are derived by a bootstrapping procedure in which 500
new samples are randomly drawn with replacement.
*Significant at 10%; **Significant at 5%; ***Significant at
1%.
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tion in such behaviours among the general drink-
ing population. As most of the related costs from
such negative drinking behaviours are often not
considered in the bingers’ private decision-mak-
ing but borne by society, given the low risk of
being charged criminally or incurring private
health care costs, the results in this paper
contribute to the evidence for the case for an
alcohol tax. Given that any proposed alcohol tax
reform often implies different implications for
different alcohol beverages, further research
towards quantifying the link to negative beha-
viours by differentiated beverage types would be
useful to inform alcohol tax reforms.
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