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Abstract

The impact of educational attainment on the duration of welfare spells is analysed using a
unique data set derived from the administration of the social assistance program in Canada
over the period 1986–1993. The empirical analysis includes controls for demographic
characteristics, program parameters, labour market conditions and unobserved individual
characteristics. It is found that that educational attainment has a much greater impact on the
welfare exit rate for women than for men. Additionally, the welfare exit rate for women is
more sensitive to family status and program benefits, but less sensitive to the unemployment
rate, relative to that for men.  2000 Elsevier Science S.A. All rights reserved.
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1. Introduction

The social welfare system has come under increasing strains in many western
countries. Growing welfare caseloads and program costs have led governments to
consider major reforms. A primary objective of the reform proposals has been to
encourage the transition from welfare to work and promote economic indepen-
dence. Consequently, one important component of the reforms considered in
Canada and the United States has been the increase in financial assistance for, and
even direct provision of, educational services that improve the human capital of
welfare recipients. Although such policies are premised on the potential gains from
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improving the general skills of recipients, relatively little is known about the
relationship between educational attainment and the dynamics of welfare participa-
tion.

The objective of this study is to analyse the relationship between educational
attainment and the duration of time spent on welfare. The empirical analysis is
based on a unique data set drawn from the administrative records of the welfare
program in the province of New Brunswick (N.B.), Canada. This analysis
represents the first step in gauging the potential effectiveness of policies that
encourage schooling and the acquisition of general skills in reducing welfare
dependence and program costs over time.

There is an established literature analysing the dynamics of welfare spells in the
United States (see Moffitt (1992) for a review). O’Neill et al. (1987) used the
National Longitudinal Survey of Young Women to examine AFDC dynamics over
the 1968–82 period. The analysis examined the influence of a large array of
covariates, including years of education, on spells of AFDC receipt. An extra year
of schooling was associated with an increase in the exit rate of 12%. Blank (1989)
examined the dynamics of AFDC participation by female headed households over
the 1971–1976 period using monthly data from the control group of the Denver
and Seattle Income Maintenance Experiment. Blank also controlled for educational
attainment by including the number of years of completed education among the set
of covariates. An extra year of education was found to increase the exit rate by
between 5 and 8%.

There are few studies of the dynamics of welfare participation in Canada.
Researchers have recently begun to examine the dynamics of welfare participation
using administrative data from several provinces. Bruce et al. (1996) presented
descriptive information on individuals and families who returned to the welfare
program in British Columbia (BC) within 2 years of an initial exit. The paper
showed that welfare returnees were a very diverse group, a majority of whom were
single men and women (without children) rather than mostly lone parents. Barrett
and Cragg (1998) examined the duration of welfare spells in BC using the same
data source and found that the large majority of spells were relatively short (less
than 6 months long). However, as the BC data did not contain a measure of
schooling, these studies did not consider the relationship between education and
welfare dependence. Fortin and Lacroix (1997) examined the impact of program
benefits on the duration of welfare spells experienced by single men and women
(without children) in Quebec. The authors found that the level of benefits had a
significant effect on the length of welfare spell among younger individuals. They
also found that years of completed schooling had a significant impact on the exit
for single men and especially single women.

Although the results of previous studies indicate the importance of schooling in
explaining the dynamics of welfare participation, this has not been a primary focus
of the analyses. Indeed, the common treatment of educational attainment as a
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1single continuous variable measuring years of schooling is very restrictive. For
example, the effect of an extra year of schooling for an individual with an
incomplete elementary education is constrained to be equal to that for an
individual who has a post-secondary qualification. To obtain a fuller understanding
of the relationship between schooling and welfare use it is important to allow for
more general, non-linear effects of educational attainment. Likewise, it is
informative to allow for differential impacts according to whether an individual
completed a given course of education; that is, to allow for ‘qualification’ effects.

The empirical analysis presented in this paper uses a large longitudinal data set
derived from the administrative records of 10% of individuals who received
welfare benefits in N.B. during the period 1986–1993. These data have a number
of properties which make them suitable for the analysis of the relationship between
education and welfare dependence. First, the data contain very detailed in-
formation on recipients’ educational attainment. Secondly, the data contain
monthly information on program participation, which is the time unit by which the
program is administered, enabling the precise length of welfare spells to be
determined and thereby avoiding the problems of time aggregation experienced
with annualised data. Additionally, since the data were generated from the
computerised case records of the N.B. welfare program they provide reliable
information on the time pattern of program participation. This is an important
advantage of the data for they are not subject to the problems of systematic
nonresponse, recall error or ‘seam bias’ as experienced in retrospective survey
data.

However, the data have several important limitations. Like most administrative
data, there is no information on individuals when they are not participating in the
program. Consequently it is not possible to distinguish between destination states,
such as marriage or employment. Furthermore, the administrative data contain
only a limited amount of socio-economic information on recipients. In particular,
the data do not record recipients’ market wage or any information on their
employment history, which may be important in determining the dynamics of
welfare participation. These limitations are addressed by implementing estimation
techniques which allow for the effects of unobserved characteristics (unobserved
heterogeneity).

In the empirical analysis educational attainment is treated as exogenous. There
is a substantial literature dealing with the implications of individual’s self-selection
of education when evaluating the effect of education on earnings and other labour

2market outcomes. It is not possible to control for the endogeneity of education in

1An exception is Ellwood (1986) who used dummy variables for educational attainment and found
that single mothers who were high-school dropouts were at greater risk of longer AFDC spells.

2Card (1998) provides an indepth survey of recent work analysing the causal effect of education on
earnings.
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the present analysis due to the lack of potential instruments in the NB longitudinal
data. Although the analysis provides new information on the relationship between
education and welfare exit rates, the empirical relationships uncovered should not
be interpreted as causal effects nor used as the basis for policy formulation.

It is found that men with elementary schooling had significantly lower welfare
exit rates. Education beyond elementary high school was not associated with a
significantly higher exit rate. However, higher levels of educational attainment
were associated with a progressively higher exit rate from welfare for women. The
important differences by gender suggest that education plays a different role in
generating labour market opportunities for men and women. It is also found that
demographic characteristics, such as the number of children and the presence of a
spouse, are more important in explaining women’s welfare participation than that
of men. The exit rate for men was relatively more sensitive to the unemployment
rate and the duration of past welfare spells. Finally, an important methodological
finding of the analysis is that the estimated shape of the baseline hazard function
may be sensitive to the treatment of the unobserved heterogeneity distribution even
when a flexible baseline estimator is implemented.

The paper is organized as follows. In the next section the institutional features
of the N.B. welfare program are briefly laid out and a dynamic model of welfare
participation is discussed. Section 3 outlines the methods used in the analysis. The
data set is described in more detail in Section 4 and the results of the empirical
analysis are presented in Section 5. Concluding comments are presented in the
final section.

2. Program structure and theoretical model

Over the period examined in this study the provincial social assistance programs
in Canada operated under the Canada Assistance Plan (CAP). The primary
objective of CAP was to provide financial assistance to all individuals and families
in need. Under CAP the federal government set broad guidelines for the
implementation of the eligibility test and shared with the provinces in the funding
of the programs. The provinces administered the programs and had considerable
discretion in determining the rules and benefit structures of their programs.

In establishing eligibility, the individual’s (or family’s) employability status was
first assessed, which determined the asset exemption level applicable to the
individual. If assets and current income were below the maximum allowable
levels, the individual qualified for assistance. The actual amount of assistance paid
depended on employability status, whether a spouse was present and the number of

3dependent children. The structure of the social assistance program in New

3National Council of Welfare (1993) provides a comparison of the maximum annual welfare benefits
payable to several different family types in each province and territory of Canada.
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Brunswick corresponded to the ‘basic welfare program’ with a small earnings
disregard, as examined by Ehrenberg and Smith (1994:195–203).

In considering the dynamics of program participation assume for simplicity that
the individual faces two discrete alternatives; working full-time or receiving
welfare. The choice of state is based on the comparison of utility under each
alternative. The individual’s utility when working full-time will be a function of
their demographic characteristics, their wage rate and recurrent (per period) costs
of full-time employment, such as child care. Assume that the offered wage is
stochastic and increasing in education (due to the accumulation of productivity-
enhancing general skills) and the length of time in employment (due to the
accumulation of skills and experience when employed) and decreasing in the time
previously spent on welfare (due to human capital atrophy or employer screening).
The presence of either human capital atrophy or employer screening will lead to

4duration dependence in the welfare exit rate.
An individual’s utility when participating in the welfare program will be a

function of personal characteristics, the level of welfare benefits and the length of
the current welfare spell. The length of the current welfare spell will directly affect
an individual’s utility if participation in the program in itself alter an individuals’
income–leisure trade-off or changes the ‘stigma’ (nonmonetary) costs of participa-
tion. These latter effects are further potential sources of state dependence in
welfare participation.

The individuals’ decision process can be considered in the context of a search
model. New values of the offered wage arrive at random intervals and when this
information arrives the individual (myopically) chooses the preferred alternative
which maximises current period utility. This stylised model suggests the following
reduced-form specification for the exit rate from welfare, h:

h 5 h(X ,K ,B ,d ,UR ,T,S)t t t t t

where X is a vector of personal characteristics, K is the individuals’ educationalt t

attainment, B is the level of benefits, d denotes per-period costs of employment,t t

UR represents labour market variables, such as the unemployment rate, whicht

affect the arrival rate of job offers, T is the length of time on welfare in the current
spell and S represents duration of time on welfare prior to the current spell.

It is straightforward to derive the following predictions:

≠h ≠h ≠h ≠h ≠h ≠h
] ] ] ]] ] ]. 0, , 0, , 0, , 0, # 0, # 0
≠K ≠B ≠d ≠UR ≠T ≠St t t t

The higher is an individuals’ educational attainment, the higher is the offered wage

4By positing that human capital accumulates while employed, the model also generates predictions
regarding off-welfare spell durations. If the offered wage increases with the time off-welfare then the
off-welfare hazard (or the welfare re-entry rate) will be decreasing in the duration of the off-welfare
spell. That is, the off-welfare hazard rate will also exhibit negative duration dependence.
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and the greater is the relative attractiveness of employment over welfare and hence
the higher the exit rate. Higher benefits increase the disincentive for supplying
labour, thereby lowering the welfare exit rate. Greater (recurrent) costs of
employment decrease the relative attractiveness of employment and hence reduce
the exit rate. An increase in the unemployment rate is equivalent to a decrease in
the arrival rate of job offers which also lowers the exit rate. Furthermore, as the
length of a spell increases the effects of human capital atrophy, employer
screening, changes in preferences over income–leisure or in stigma costs of
participation may lead to a decreasing welfare hazard rate. By similar reasoning,
longer prior welfare spells may also reduce the exit rate. The latter two predictions
correspond to negative duration dependence and negative lagged duration depen-
dence as discussed in Heckman and Borjas (1980).

3. Methods

The empirical analysis is conducted in a hazard function framework. The
analysis proceeds by first estimating empirical survival probability functions by
educational status. The estimate of the survival probability at month T is simply
the proportion of spells that are at least T months in duration. The empirical
survival probability function is a convenient way to summarise the distribution of
welfare spell lengths which provides a natural measure of the proportion of spells

5which are relatively ‘short’ and ‘long’ .
A limitation of the empirical survival probability estimator is that it treats the

population as homogeneous. Spell lengths potentially vary according to the
characteristics of the recipient and with labour market conditions. To control for
such covariates the proportional hazard duration model is used whereby

h (t) 5 h (t) exp z (t)9bh ji o i

where h (t) is the hazard for person i, h (t) is the baseline hazard common to alli o

individuals, z (t) is a vector of observable characteristics (which may vary with t)i

and b is a parameter vector to be estimated. For different values of z (t)9b, thei

hazard function for individual i is shifted proportionally up or down relative to the
baseline.

5The empirical survival probability function provides equivalent information to the empirical hazard
function (the latter reports the number of spells that end in month T as a proportion of spells that are
least T months long). Since the survival functions are naturally smoother than the hazard functions they
provide a clearer picture of the differences in spell length by education category.
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The estimation approach followed in this paper is an extension of Prentice and
Gloeckler (1978) and is detailed in Meyer (1988, 1990) and Lancaster (1990:172–
208). The baseline hazard is estimated as a piece-wise constant function. The time
axis is divided into a finite number of intervals and a separate baseline hazard
parameter is estimated for each interval. This approach is a very flexible method
for estimating the baseline hazard function and avoids the imposition of a
parametric functional form on the baseline. This is an important advantage of the
specification for it has been shown that misspecifying the baseline hazard is a
major source of error in drawing inferences concerning both the presence of
duration dependence (Manton et al., 1986; Blank, 1989) and the impact of
covariates (Heckman and Singer, 1985; Dolton and van der Klaauw, 1995).

The log likelihood function for this model with a sample of N welfare spells is
given by:

N

L(b,g ) 5Od log 1 2 exp 2 exp[g(k ) 1 z (k )9b]s s ddi i i i
i51

k 21i

2O exp[g(t) 1 z (t)9b] (3.1)i
t50

where k is the observed length of the ith welfare spell, d equals one if the spelli i

terminates before being right censored and d is zero if the spell is censored. Ini
t11maximizing the log likelihood the g(t) 5 log[e h (u).du] are treated as parame-t o

6ters to be estimated.
The proportional hazard model may be extended to allow for unobserved

individual characteristics. Assuming that the unobserved heterogeneity takes a
multiplicative form, the hazard rate is given by

h (t) 5u h (t) exp z (t)9bh ji i o i

7where u is a non-negative random variable assumed to be independent of z (t).i i

6The average baseline hazard rate over a given interval, [t ,t ], is defined as exp(g(t)) /(t 2t ). Inj j11 j11 j

implementing this model spell lengths were divided into 21 intervals. The intervals corresponded to
months: 1, 2, 3, 4, 5, 6, 7, 8, 9–10, 11–12, 13–14, 15–18, 19–22, 23–26, 27–30, 31–36, 37–42,
43–51, 52–60, 61–72 and 731.

7This estimator is equivalent to a random-effects panel estimator. It is not feasible to implement a
fixed-effects (or difference) estimator in the present context due to the presence of right-censored spells
and time-varying covariates. If it were feasible to use a fixed-effects estimator it would be limited to a
select sample of repeat users of welfare.
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Maximum likelihood estimates of the parameter vector and baseline hazard are
then obtained by conditioning the likelihood function on u and then integratingi

over the distribution of u. This approach requires specifying a distribution for u.
2One popular distribution is the unit gamma with variance s (a parameter to be

estimated) which leads to the log likelihood given by

22k 21 2sN i

2 2L(b,g,s ) 5O log 1 1 s O exp g(t) 1 z (t)9bHS Df gi
i51 t50

22k 2si

2
2 d 1 1 s O exp g(t) 1 z (t)9b (3.2)S D Jf gi i

t50

Alternatively, the unobserved heterogeneity distribution can be approximated
nonparametrically by a discrete multinomial distribution as suggested by Heckman
and Singer (1984). The masspoints, m , and the corresponding probabilities, p , arej j

estimated with the log likelihood function given by

kN J i

L(b,g,m, p) 5O log Op d m exp 2O exp g(t) 1 z (t)9bS S Df gH j i j i
i51 j51 t50

k 21i

2 m exp 2O exp g(t) 1 z (t)9b (3.3)S DDf g Jj i
t50

In estimating (3.3) the normalisations m 51 and p 5 1 2 o p are used. TheJ J j±J j

number of mass points, J, is determined from the data. The convention of adding
additional masspoints until the log likelihood function value no longer increases is
followed. In Section 5 below, estimates from the maximization of the log
likelihoods in (3.1), (3.2) and (3.3) are compared.

4. The data

The data analysed in this study were derived from the monthly case records of
the social assistance program in N.B. The raw data were the complete case
histories of a random 10% sample of all individuals and families who ever
received welfare benefits in N.B. during the period January 1986 to December
1993. From the case data the sample of welfare spells was constructed. A spell of

8welfare was defined as a sequence of consecutive months of benefit receipt. For

8To minimise the effects of coding errors or ‘program churning’ on transition rates an exit was
defined as two months not in receipt of benefits.
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spells beginning after February 1986 it was possible to determine the precise
9length of the spell unless it was still in progress in November 1993. Spells in

progress at the end of the data period are right censored and the econometric
methods take this censoring into account. The spells of welfare receipt form the

10basic unit of the empirical analysis. For each spell there is information on
duration and whether it is right-censored, as well as the recipients’ sex and age,
whether a spouse was present, the number of dependent children, employability

11 12status and the (maximum) potential level of welfare benefits payable.
Potential welfare benefits payable to a family are a function of the number of

family members and as a consequence the effect of total potential benefits will in
13part reflect the number of dependent children and the presence of a partner. To

obtain a more pure measure of the effect of welfare benefits on the well-being of
families, and hence their program exit behaviour, total benefits are divided by the
number of adult equivalents in the family. The adult equivalent scale implicit in

14Statistics Canada’s Low-Income-Cutoffs for 1992 was adopted. Therefore the
15benefit variable measures potential real dollars per adult equivalent in the family.

The effect of using alternative equivalence scales is examined below.

9It is not possible to determine the starting date for spells that were in progress in January and
February 1986. These ‘left-censored’ spells are dropped from the analysis.

10Individuals who were permanently disabled and individuals who were eligible for Unemployment
Insurance but received welfare while their UI claim was processed were excluded from the analysis.
The latter ‘UI Pending’ group arose during the late 19809s as a backlog developed in the processing of
UI claims. Typically these individuals were on welfare for a very brief period. The dynamics of welfare
participation for these two subgroups of recipients merit separate analyses.

11A person is defined as having low employability if he / she is formally assessed to have severe
barriers to obtaining or maintaining gainful employment. The distinction between medium and high
employability is determined by the case worker. Individuals classified as having low employability are
subject to higher asset exemption levels and are eligible for higher benefit payments relative to other
recipients.

12Potential benefits were constructed from the payment tables set out in the relevant NB legislation.
Potential benefits payable, rather than actual benefits paid, was used in the analysis in an attempt to
obtain a benefit measure exogeneous to individual behaviour. Nominal potential benefits were deflated
by the monthly consumer price index for NB, with December 1993 as the base period.

13There are two sources of variation in potential benefits: over time and across family types. The
former is due to inflation; however, since payment levels were indexed annually to the CPI this
variation is minor. Differences in potential benefits by family type is the primary source of variation
identifying the benefit effect.

14The Low-Income-Cutoffs are the relative poverty lines used by Statistics Canada.
15The extreme alternatives are to use total potential benefits, which assumes that benefits are spent on

pure public goods within the family, or per-capita potential benefits, which implies that there are no
economies of scale in consumption. By using benefits per adult equivalent, an intermediate position is
adopted. The adult equivalent scale chosen is particularly appropriate since it explicitly attempts to
measure economies of scale in consumption among low-income Canadian families.
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The data provide very detailed information on the level of education, and
current educational participation, of recipients. This information was refined by
constructing a set of 6 dummy variables indicating the level of educational

16attainment. Specifically, the variables indicate whether an individual has 0–6
years of schooling, 7–9 years of schooling, partial high school, completed high
school, partial post-secondary or completed a post-secondary qualification. In
addition, a variable indicating whether the recipient was enrolled and attending an
educational institution was constructed.

In an attempt to control for business cycle effects the spells are matched with
the provincial unemployment rate. The prime age male unemployment rate is used

17in an attempt to obtain a measure that is exogenous to the welfare program. To
control for seasonal variation in labour market conditions a set of dummy variables
indicating the quarter of the calendar year over which a given spell progressed
where also included in the estimation. Since the data contained multiple welfare
spells for a large number of individuals and families, lagged duration was defined
as the length of the previous welfare spell experienced by the recipient and
included in the estimation.

From the original set of individual records a sample of 11 181 separate welfare
spells was generated. The sample was stratified by sex of the recipient to allow the
effects of education to differ between men and women. Table 1 presents the

18 ,19descriptive statistics for the samples. The main features of the sample for men
are that the average spell length was 10.54 months and the majority of male
recipients were single. Male welfare recipients generally had low levels of
education, with approximately 50% having 0–9 years of education. A further 24%
of the sample had only partial high school, 18% had completed high school and
the remaining 8% had some post-secondary education.

16The administrative data indicated nine possible levels of completed education. This information
was aggregated into six categories after preliminary estimation of the Cox partial likelihood model and
testing coefficient restrictions across adjacent education categories.

17The impact of the unemployment rate is identified purely from time series variation. There is
considerable variation in the series due to the recession of April 1990–October 1992. Although it is
possible another time-varying factor may underly any effects found for the unemployment rate, such a
factor would need to be highly correlated with the business cycle.

18An issue in the estimation of duration models is the treatment of covariates as either fixed
throughout a spell or as time-varying. Gender, age and previous spell duration are treated as fixed and
the other variables are treated as time-varying. Although the educational attainment variables are
allowed to varying during a spell, there is in fact very little time variation in these variables.
Approximately 2% of the spells indicate an increase in educational attainment. The results reported
below are robust to the treatment of education as time varying or fixed (at start-of-spell values).

19For the estimation, the continuous explanatory variables are measured as deviations from the mean
value.



G.F. Barrett / Journal of Public Economics 77 (2000) 209 –232 219

Table 1
Summary statistics, NB welfare spells 1986–1993

Male sample Female sample

Duration 10.5358 15.5852
Age 31.6133 29.4045
Spouse 0.2659 0.1173
Dep. Children 0.9186 1.0792
Ed.Grade 0–6 0.1375 0.0692
Ed.Grade 7–9 0.3621 0.2800
Ed.PartHS 0.2426 0.2677
Ed.CompHS 0.1784 0.2708
Ed.PartPS 0.0433 0.0616
Ed.CompPS 0.0362 0.0509
Ed.Curr.Enrolled 0.0488 0.0810
Emply:Low 0.2729 0.2613
Emply:Medium 0.0246 0.0604
Emply:High 0.7024 0.6783
Welf.Ben.($100/a.e.) 2.8785 3.2895
Unempl. Rate 0.1199 0.1176
Previous Dur. 4.4066 6.1704
Q1 0.2672 0.2188
Q2 0.2176 0.2339
Q3 0.2296 0.2635
Q4 0.2856 0.2838
right censored 0.1951 0.2669
observations 6167 5014

In comparison, the sample means for women show that average duration was
substantially longer at 15.59 months, a greater proportion did not have a spouse
while the average number of children was higher, reflecting the greater incidence
of single parents among women. Female recipients generally had higher levels of
education. For example, 35% had 0–9 years of schooling, 54% had some
secondary schooling and a further 11% had post-secondary education. The average
level of benefits was higher for women, as was lagged duration.

5. Empirical Results

The empirical survival probability functions by education category are plotted in
Figs. 1 and 2, based on the male and female samples respectively. For presentation
purposes only 3 broad education categories are shown. The empirical survival
functions show the NB welfare population to be relatively dynamic. The median
spell duration for males with elementary schooling is 6 months, for those with
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Fig. 1. Empirical survival function: Welfare spells by males.

either a high-school or post-secondary education it is 5 months. Males with
elementary schooling have longer spells than those with greater education, while
the exit patterns for males with either high school or post-secondary education are

Fig. 2. Empirical survival function: Welfare spells by females.
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20very similar. The sample of spells experienced by females has greater variation in
spell length by education category. The median spell length for females with
elementary schooling is 12 months, with high schooling is 9 months and with a
post-secondary education is 6 months. For women, it is apparent that further
education is associated with progressively shorter stays on welfare and less

21reliance on social assistance over a period of time.
The convex shape of the empirical survival functions suggest negative duration

dependence; the longer that an individual or family remains on welfare the less
likely it is they will exit. However this apparent duration dependence may be a
reflection of differences in individual characteristics rather than true state
dependence. The results from the duration model estimation, which controls for
observable and unobserved characteristics, are presented next.

5.1. Results for the male sample

The duration model estimates for the sample of spells by men are reported in the
top panel of Table 2. To aid interpretation of the estimates, the marginal effect of

22covariates on expected duration are presented in the lower panel of Table 2.
Specification (1), which does not control for unobserved heterogeneity, shows that
older men have significantly lower exit rates while the presence of a spouse is
associated with a substantially higher exit rates. This latter finding is unsurprising
since the presence of a spouse means that there are two potential workers in the
family who may gain employment thereby enabling the family to leave welfare
more quickly than a single adult. More surprisingly, the number of dependent
children has an insignificant effect on the exit rate for men.

Turning to the effects of education, males with 0–6 years of schooling had the
lowest probability of leaving welfare, with an exit rate almost 18% less than that
for an otherwise identical male who completed high school. Similarly, individuals

20Wald tests reject the hypotheses that the survival function for elementary schooling is equal to that
for high-schooling (test statistic of 1540.1) or post-secondary education (test statistic equal to 333.5).
However, the hypothesis that the survival function for high schooling is equal to that for post-secondary
education is not rejected (test statistic of 15.8). The test statistic is distributed chi-squared with 72
degrees of freedom; the critical value at the 1% (10%) level of confidence is 102.8 (87.7).

21The three survival functions are significantly different from each other. The test statistics for the
hypothesis of equality for each pairwise comparison is: elementary–high schooling (1352.6),
elementary–post secondary (2650.3) and high school–post secondary (848.8). The critical value at the
1% level of significance is 102.8.

22The marginal effect of covariates on expected duration was calculated following the approach
detailed in Katz and Meyer (1990: 64–65). The estimate for the last segment of the baseline hazard
function (months 61–72) was extrapolated out to 144 months. The calculated marginal effects did not
change when the extrapolation was truncated at an earlier month.



222 G.F. Barrett / Journal of Public Economics 77 (2000) 209 –232

Table 2
aDuration model estimates, NB welfare spells

Male sample Female sample

(1) (2) (3) (4) (5) (6)
Age 20.2189 20.2448 20.2495 0.1889 0.2723 0.2922

(0.1412) (0.1701) (0.1689) (0.1664) (0.2060) (0.1879)
Spouse 0.3477 0.4082 0.4102 0.4164 0.5515 0.5504

(0.0588) (0.0701) (0.0696) (0.0459) (0.0648) (0.0568)
Dep. children 20.0289 20.0221 20.0242 20.0803 20.0972 20.0934

(0.0230) (0.0271) (0.0269) (0.0174) (0.0218) (0.0196)
Ed.Grade 0–6 20.1783 20.1681 20.1689 20.3035 20.3745 20.3466

(0.0510) (0.0625) (0.0616) (0.0762) (0.0944) (0.0845)
Ed.Grade 7–9 0.0680 20.0752 20.0744 20.2169 20.2537 20.2322

(0.0409) (0.0500) (0.0497) (0.0441) (0.0564) (0.0505)
Ed.PartHS 20.0102 20.0189 20.0171 20.1127 20.1527 20.1397

(0.0451) (0.0550) (0.0548) (0.0465) (0.0581) (0.0525)
Ed.PartPS 0.0724 0.1048 0.1095 0.2088 0.2533 0.2301

(0.0775) (0.0947) (0.0940) (0.0745) (0.0948) (0.0856)
Ed.CompPS 20.1001 20.1476 20.1503 0.2391 0.283 0.2231

(0.0912) (0.1095) (0.1088) (0.0761) (0.0970) (0.0871)
Ed.Curr.Enrolled 20.2338 20.3158 20.3189 20.1464 20.1943 20.167

(0.0820) (0.0973) (0.0962) (0.0729) (0.0881) (0.0794)
Emply:Low 20.3921 20.4726 20.4666 20.3976 20.4567 20.4288

(0.0373) (0.0503) (0.0476) (0.0437) (0.0560) (0.0486)
Emply:Medium 20.213 20.2562 20.258 20.0456 20.0558 20.0733

(0.0915) (0.1078) (0.1070) (0.0733) (0.0864) (0.0781)
Welf.Benefits 20.1445 20.1697 0.1675 20.2467 20.2757 20.2573

(0.0416) (0.0477) (0.0474) (0.0279) (0.0341) (0.0302)
Unemp.Rate 20.5726 20.5986 20.5950 20.3534 20.3708 20.3744

(0.0858) (0.0897) (0.0891) (0.1020) (0.1052) (0.1029)
Previous duration 20.0227 20.0274 20.0273 20.0058 20.0072 20.0069

(0.0019) (0.0026) (0.0025) (0.0016) (0.0019) (0.0017)
Sigma 0.5525 0.6248

(0.0904) (0.1039)
Masspt.1 1.1492 3.3168

(0.1689) (2.6828)
Prob.1 0.6430 0.9301

(0.1060) (0.0372)
LLF 214608.5 214595.9 214595.4 212082.8 212074.4 212071.4
AIC 29291.0 29267.8 29268.8 24239.5 24224.8 24220.8
BIC 29539.9 29523.4 29531.1 24480.8 24472.5 24475.1

Marginal effect of covariates on expected duration (in months)
Baseline (months) 7.4408 6.3238 7.3301 9.3310 8.1247 9.2966
Age (10 yr) 0.1209 0.1140 0.1141 20.1082 20.1417 20.1508
Spouse 21.7915 21.7028 21.7480 22.3232 22.6412 22.6604
Dep.Children 0.1598 0.1030 0.1104 0.4601 0.5117 0.4852
Ed06 1.0033 0.8068 0.7860 1.7272 2.0027 1.8074
Ed79 0.3781 0.3542 0.3426 1.2394 1.3502 1.2108
Ed.PartHS 0.0561 0.0877 0.0779 0.6458 0.8077 0.7272
Ed.PartPS 20.3940 20.4738 20.4914 21.1870 21.2795 21.1655
Ed.CompPS 0.5576 0.7058 0.6982 21.3562 21.4225 21.1308
Ed.Curr.Enrolled 1.3216 1.5572 1.5077 0.8383 1.0305 0.8697
Emp:Low 2.2385 2.3858 2.2323 2.2479 2.4456 2.2321
Emp:Medium 1.2018 1.2504 1.2124 0.2615 0.2926 0.3806
Benefits($20/ae) 0.1620 0.1630 0.1559 0.2816 0.2938 0.2685
Unemp.Rate (5%) 1.6251 1.4717 1.4034 1.0111 0.9829 0.9755
Pr.dur. (1 yr) 1.5467 1.6267 1.5514 0.3995 0.4551 0.4306

a Asymptotic standard errors are in parentheses. Each model also included three seasonal dummy
variables.
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with 7–9 years of schooling had an exit rate which was 7% less than that for an
otherwise identical high school graduate. However, individuals with only a partial
high school education or with post-secondary schooling had an exit rate which was
not statistically significantly different from that for high school graduates. In
addition, individuals currently participating in a course of education had a
significantly lower exit rate which suggests that these individuals maybe reliant on
welfare income during this period of schooling.

The coefficient estimates for employability status indicate that, as expected,
individuals evaluated as having low or medium employment potential have
substantially lower exit rates and hence longer spells. Welfare benefits have a
significant negative effect on the exit rate, although the economic impact of an

23increase in payments (as indicated by the marginal effect on expected duration )
is quantitatively small. The point estimate on the unemployment rate is highly
significant and implies that an increase in the provincial unemployment rate by 5
percentage points leads to a decrease in the welfare exit rate by 27% and an
increase in expected duration by 1.6 months, highlighting the sensitivity of the
welfare exit behaviour of men to the general state of the labour market. The
coefficient on previous duration is also highly significant and indicates the
presence of negative lagged duration dependence. For every year spent on welfare
in the previous spell, the current spell has a 27% lower exit rate and 1.55 months
longer expected duration.

Although not reported in Table 2, an alternative specification with the set of
education dummies variables replaced by a single, continuous variable measuring
years of schooling was estimated. The point estimate (and standard error) for this

24variable was 0.0174 (0.0049). The likelihood ratio test (LRT) statistic of 4.96
(P-value50.29) fails to reject the linear restriction implied by this specification;
however, this model masks important non-linearities in the effects of education.
The significance of the continuous, years of education variable is due to the
substantially lower welfare exit rates of males with very low levels of schooling.
In comparison to specification (1), the linear years-of-education specification
underestimates the magnitude of the reduction in the exit rate for males with only
elementary schooling while overestimating the increase in the exit rate for
education beyond some high schooling.

The next step in the analysis was to control for unobserved individual
characteristics. Specification (2) generalises (1) by allowing for gamma un-
observed heterogeneity. Controlling for gamma heterogeneity generally led to an
increase in the magnitude of the coefficient estimates, and their asymptotic

23The marginal effect of potential payments on expected duration is calculated for an increase of $20
per adult equivalent per month. This is comparable to the actual changes in benefits that occured during
the data period.

24The test statistics has a chi-squared distribution with four degrees of freedom. The critical value at
the 1% (10%) level of significance is 13.277 (7.779).
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standard error, while the baseline hazard estimates generally decline less with spell
duration. Consequently, the marginal impacts of the covariates on expected

25duration were largely unaffected by incorporating gamma heterogeneity . More-
over, the inferences regarding the impact of educational attainment on the exit rate
are unchanged.

26The final step was to allow for nonparametric unobserved heterogeneity. As
found for the model with gamma heterogeneity, allowing for nonparametric
heterogeneity generally led to an increase in the magnitude of the coefficient
estimates (and their standard errors). The qualitative inferences regarding the
impact of the covariates were unaffected by the assumed form of unobserved
heterogeneity. Indeed, the invariance of the coefficient estimates across the
specifications shows the robustness of the estimated relationship between welfare
exits and educational attainment, demographic characteristics, program benefits
and labour market conditions to the treatment of unobserved heterogeneity.

The baseline hazard estimates for the models are illustrated in Fig. 3. The
baseline hazards for models (1) and (2) indicate negative duration dependence.
Wald tests of the difference in the hazard rates by spell month are highly
significant and imply that participating in welfare has a behavioural impact
whereby the longer a person is on the program the less likely it is that they will
exit. However, this conclusion is not as strongly supported by the baseline

Fig. 3. Baseline hazard functions: Welfare spells by males.

25This is consistent with the findings of Meyer (1990) and Han and Hausman (1990).
26The data supported the presence of two masspoints. When a third mass point was added to the

likelihood function, the point estimate always converged toward that of the second mass point even
after starting the optimisation routines from a broad range of initial values.
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estimates for model (3) which show a smaller decline in the exit rate over the
initial 12–24 months of a spell, and this decline is only marginally statistically
significant. Therefore conclusions regarding the degree of duration dependence,
and the economic significance of the behavioural effect of participation, depend on
the choice of model specification.

An appealing method for choosing the appropriate specification would be to
apply the LRT to the unobserved heterogeneity terms. Unfortunately, the standard
LRT is inappropriate since the null hypotheses of s 50 (for the gamma
distribution) and p 51 (for the multinomial distribution) lie on the boundary of1

the parameter space. Consequently, the regularity conditions necessary for the
asymptotic chi-squared distribution of the LRT statistic are violated.

An alternative is to base the choice of model specification on information
criteria. The Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC) have been used by Gritz (1993) and Deb and Trivedi (1997),
respectively, in similar contexts. These criteria have an information theoretic
foundation and support the selection of the model which minimises the respective
quantities AIC(K ) 5 2 2L 1 2K and BIC(K ) 5 2 2L 1 K .ln N, where LM M M M M M M

is the optimised value of the log-likelihood function for model M, K is theM

dimension of the parameter vector, and N is the number of observations. BIC
places a greater penalty on the inclusion of additional parameters compared to
AIC. The AIC and BIC values are reported in Table 2. Both the AIC and BIC
support the selection of Model (2) with gamma unobserved heterogeneity, though
there is very little difference in the AIC values for Models (2) and (3). The
contrast in the baseline hazard estimates between the gamma and multinomial
heterogeneity models clearly illustrates that the form of the unobserved hetero-
geneity may have important consequences for the inferences concerning duration
dependence even when a flexible baseline estimator is implemented.

5.2. Results for the female sample

The duration models estimates for the sample of spells experienced by women
are also reported in the top panel of Table 2 (and the marginal effect on expected
duration are presented in the lower panel). Specification (4) indicates that age does
not have a significant effect on the exit pattern for women, contrary to the finding
for men. The presence of a spouse has a substantial, and significant, positive
impact on the exit rate for women and is larger than that found for men.
Dependent children has a highly significant, negative effect on women’s exit
behaviour. Although dependent children do not appear to increase mens’ reliance
on welfare they have an important effect in increasing the length of time women
spend on welfare.

The relationship between education and womens’ welfare exit behaviour is also
very different to that found for men. Higher levels of educational attainment are
associated with progressively higher exit rates, and hence progressively shorter
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stays on welfare. In particular, the exit rate for women with 0–6 years of schooling
is 30% less than that for otherwise identical women who graduated high school.
Women with 7–9 years of schooling had a 21.7% lower exit rate, and those with
an incomplete high school education had an 11% lower exit rate, than comparable
women who graduated high school. Post secondary education was associated with
even higher exit rates. Therefore educational attainment is clearly important in
understanding women’s welfare exit behaviour.

The estimates for specification (4) also show that women currently participating
in an educational program had a lower exit rate, as did women classified as having
low employment potential. Higher welfare benefits also have a significant negative
impact on the exit rate for women, and the impact is quantitatively larger than that
found for men. Since the level of potential benefits were greater, on average, for
the female sample, combined with the larger impact of benefits on their exit rate,
suggest that the disincentive effects of program benefits may be more important
for female recipients. Even so, the marginal effect of potential benefits on expected
duration is also relatively small for this sample. The coefficient estimate for the
unemployment rate implies that a 5 percentage point increase in the unemployment
rate leads to an increase in expected spell duration of approximately 1 month for
the baseline group. Clearly the welfare exit behaviour of women is sensitive to the
state of the labour market; though it is not as sensitive to cyclical factors as the
exit pattern of men.

Model (4) includes the measure of previous spell duration. As found for men,
previous duration is statistically significant and indicates the presence of negative
lagged duration dependence. The estimated coefficient implies that for every year
on the program in the previous spell, the exit rate for the current spell is
approximately 7% lower (and the expected spell duration is 0.40 months longer).
This estimated effect of previous spell length is substantially smaller than that
found for men, suggesting the ‘scarring’ impact of welfare participation on
womens’ labour market careers may be less acute than that for men.

The more restrictive version of model (4) with the education dummy variables
replaced by a single variable measuring years of education was also estimated with
this sample. The coefficient on years of education was 0.0527 (0.0067), which is
more than three times the estimate for males. However this more restrictive model
is rejected by the LRT statistic of 10.02 (P-value50.040). The linear restriction
implied by the years of education variable failed to capture the more than
proportionate increase in the exit rate with additional years of education beyond
some high schooling. This provides further evidence of significant non-linearities
in the relationship between educational attainment and the duration of welfare
spells.

The model was generalized by controlling for gamma unobserved heterogeneity.
Allowing for gamma heterogeneity typically led to a small increase the magnitude
of the point estimates and the corresponding asymptotic standard errors, as found
for the spell sample for men. Likewise, the inferences regarding the impact of the
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covariates was robust to the inclusion of gamma heterogeneity. The more general
model with gamma heterogeneity supported the conclusions drawn from spe-
cification (4). The specification incorporating nonparametric unobserved hetero-

27geneity was also estimated. The choice of distribution for the unobserved
heterogeneity component again had very little impact on the qualitative inferences
concerning the effect of the covariates. The coefficient estimates (and marginal
effect on expected duration) for the schooling and other covariates were entirely
robust to form of the unobserved heterogeneity distribution.

The baseline hazard estimates are illustrated in Fig. 4. The distribution of the
unobserved heterogeneity distribution again proved critical for drawing inferences
concerning the shape of the baseline hazard and the presence of duration
dependence. The baseline hazards for models (4) and (5) show a significant
decline in the exit rate over the course of a spell, especially in the first 9–12
months of a spell. However, when allowing for nonparametric heterogeneity the
decline in the exit rate is no longer evident. Indeed, the baseline hazard function
for model (6) is very low and essentially flat.

The two model selection criteria lead to very different conclusions. The AIC
supports the selection of model (6) whereas BIC supports model (5). Since no
single specification clearly dominates a strong inference regarding duration
dependence cannot be drawn. The differences in the baseline hazards for models
(6) and (5) further reinforces the finding that the unobserved heterogeneity
distribution can be very important in testing for duration dependence even when a
flexible baseline estimator is chosen.

Fig. 4. Empirical survival function: Welfare spells by females.

27This sample also supported the presence of two masspoints.
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5.3. Specification and sensitivity tests

A question of wide policy interest is the effect of program benefits on the exit
rate. To examine the robustness of the estimates to the definition of potential
benefits, the models were re-estimated with the benefit variable defined as total
potential benefits and per-capita potential benefits. For both alternative benefit

28measures the magnitude of the coefficient estimate was reduced while the
29coefficients on the spouse indicator and number of children variables increased.

Total potential benefits are a nonlinear function of family size, and benefits per
family member (and per adult equivalent) decline as family size increases. This
negative correlation between benefits per family member and family size is
reflected in the coefficient estimate on the benefit variable used in Table 2, while
the correlation is captured in the coefficient on the dependent children variables
when total or per-capita potential benefits are used. The per-adult equivalent
benefit measure generated the largest estimate of the disincentive effects of
payment levels on spell duration; however, this effect was of relatively minor
economic significance.

The sensitivity of the estimated effects of schooling on the welfare exit rate was
examined by interacting the educational attainment dummy variables with other
covariates. The estimates in Table 2 implied the presence of negative lagged
duration dependence. There are several potential sources of this form of state
dependence, and if it is due to human capital depreciation then any ‘scarring
effect’ of prior welfare use may be greater for those individuals with a larger stock
of human capital. The coefficient estimates for the education and education
interacted with lagged duration terms are presented in Table 3. Interestingly, the
effects of lagged welfare duration appear to be concave in education. The
magnitude of the point estimates on previous welfare duration increase with
education up to completed high-school and then decline. This finding is consistent
for both the male and female samples; however, the hypothesis that the effects of
previous duration are the same across all educational categories is rejected only for
the female sample.

Cyclical fluctuations in the economy have a differential impact on groups within
the labour market. Individuals with higher levels of education tend to be in a
stronger position and more insulated from recessions. To test the proposition that
the program exit behaviour of individuals with less education is more sensitive to
the state of the labour market, the education dummy variables were interacted with
the unemployment rate. The coefficient estimates for this model is also reported in

28The coefficient (and standard error) on total potential benefits in Model 1 was 20.1196 (0.0336)
and in Model 4 was 20.1933 (0.0228). The estimate on per-capita potential benefits was 20.1167
(0.0294) and 20.1621 (0.0177) in Models 1 and 4 respectively.

29The estimates for the other covariates were not sensitive to the alternative measures of program
benefits.
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Table 3
aEducational attainment interaction effects

Male sample Female sample

Grade0–6 20.1629 20.1766 20.2908 20.3042
(0.0522) (0.0520) (0.0770) (0.0763)

Grade7–9 20.0532 20.0644 20.2088 20.2189
(0.0421) (0.0415) (0.0452) (0.0442)

PartHS 0.0038 20.02 20.1037 20.1194
(0.0464) (0.0458) (0.0474) (0.0466)

PartPS 0.0947 0.0579 0.2078 0.196
(0.0839) (0.0799) (0.0788) (0.0751)

CompPS 20.0898 20.098 0.2428 0.2217
(0.0946) (0.0951) (0.0773) (0.0769)

Grade0–6*Pr.dur. 20.0179 20.0002
(0.0045) (0.0051)

Grade7–9*Pr.dur. 20.0217 20.0011
(0.0030) (0.0023)

PartHS*Pr.dur. 20.0235 20.0094
(0.0042) (0.0031)

CompHS*Pr.dur. 20.032 20.0105
(0.0057) (0.0040)

PartPS*Pr.dur. 20.0186 20.0115
(0.0114) (0.0081)

CompPS*Pr.dur. 20.0249 20.0089
(0.0127) (0.0077)

Grade0–6*UR. 20.5133 20.2748
(0.1883) (0.2957)

Grade7–9*UR. 20.4597 20.3309
(0.1141) (0.1567)

PartHS*UR. 20.7653 20.4861
(0.1379) (0.1611)

CompHS*UR. 20.5408 20.1048
(0.1647) (0.1470)

PartPS*UR. 20.8367 20.6852
(0.3353) (0.3037)

CompPS*UR. 20.5125 20.8131
(0.3561) (0.3170)

LLF 214606.2 214606.3 212077.9 212078.7
bLRT1 4.56 4.48 9.77 8.09

(P-value) (0.47) (0.48) (0.08) (0.15)
a Asymptotic standard errors are in parentheses. Variables for age, presence of a spouse, number of

children, whether currently enrolled in an educational institution, employability status, welfare benefits,
the unemployment rate and season were also included.

b The LRT statistics are for the null hypothesis that all the interaction terms have a common
coefficient. The LRT statistic is distributed chi-squared, with 5 degrees of freedom, under the null. The
critical value at the 10% level of significance is 9.236, at the 5% level is 11.070 and at the 1% level is
15.086.
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Table 3. The LRT statistics do not reject the hypothesis that the unemployment
rate affects all education groups equally. However, the point estimates for the male
sample suggest that individual who did not complete a level of education were
more severely affected by the business cycle than those who had completed that
level of schooling. The estimates suggest there may be a ‘qualification’ effect in
the arrival rate of job offers, with male graduates from a given course of education
being in a relatively more secure position.

The final specification checks considered sample composition. The models were
estimated with the subsample for single men and women without children.
Differences in the exit rate by education group were more pronounced among
single, childless women, and the male–female differences in the exit by education,
as discussed above, also applied to this subsample. The models were also
estimated for the subsample of single mothers. Although the differential in exit
rate by educational category were not as large for this group of women, there were
significant difference in exit rates by education consistent with the pattern for the
full sample. Overall, the qualitative relationship between education and welfare
exit rates were consistent across the population subsamples.

6. Conclusion

The empirical analysis indicated that educational attainment had very different
effects on the dynamics of welfare participation for men and women. It was found
that men with a partial or completed elementary education were more reliant on
welfare. Education beyond partial high school was not associated with a
significantly higher welfare exit rate. Conversely, additional education was
associated with significant and substantially higher welfare exit rates for women.
Each step up the educational ladder was associated with a progressively higher
welfare exit rate for women. It was also found that demographic characteristics,
such as the number of children and the presence of a spouse, were more important
in explaining the dynamics of women’s welfare participation than that of men. The
exit rate for men was relatively more sensitive to the unemployment rate, and the
duration of past welfare spells, than that for women.

The very different relationship between education and the dynamics of welfare
participation by gender may reflect the different role of education in accounting for
the labour market opportunities of men and women. Cross sectional evidence
shows that men are much more likely to be employed in construction and
transportation industries while women are more likely to be employed in services.
Employment in the male dominated industries is more seasonal in nature, tends to
be more sensitive to the business cycle and may not utilise the skills gained with
more advanced schooling. In addition, industries with the highest incidence of
female employment, such as community and personal services, may utilise the
skills augmented through further schooling, such as better numeracy, literacy and
communication skills. The different role of education in generating labour market
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opportunities for men and women may account for the relationship between
education and welfare exit rates uncovered in the analysis.

The results of the analysis are relevant for duration studies more generally. A
flexible baseline hazard estimator was implemented while allowing for several
forms of unobserved heterogeneity. With the flexible baseline specification, the
coefficient estimates (and the marginal effects) for the covariates were found to be
robust to the distribution of the unobserved heterogeneity. However, for the
samples examined in this study, the shape of the baseline hazard function and
hence inferences regarding duration dependence were sensitive to the assumed
form of the unobserved heterogeneity distribution. These findings should caution
researchers that if the shape of the baseline hazard is of interest it is important to
allow for a variety of distributions for the unobserved heterogeneity term before
firm conclusions may be drawn.

Acknowledgements

I wish to thank Human Resources Development Canada for access to the data
used in this study and seminar participants at Simon Fraser University, UNSW, the
University of Sydney, Colin Cameron, Denise Doiron, Martin Dooley, Tue
Gorgens, David Green, Barbara Horvath, Guy Lacroix, Jane Murray, Krishna
Pendakur, Craig Riddell, Alan Stark, Jennifer Stewart, Ian Walker, the editor and
two anonymous referees for helpful comments. The usual disclaimers apply.

References

Barrett, G., Cragg, M., 1998. An untold story: the characteristics of welfare use in British Columbia.
Canadian Journal of Economics 31 (1), 165–188.

Blank, R.M., 1989. Analyzing the length of welfare spells. Journal of Public Economics 39, 245–273.
Bruce, R., Bailey, N., Cragg, J., Diewert, E., Nakamura, A., Warburton, B., 1996. Those returning to

income assistance. Canadian Journal of Economics 29 (1), S33–S38.
Card, D., 1998. The causal effect of education on earnings. Center for Labor Economics, University of

California, Berkeley, Working Paper No. 2.
Deb, P., Trivedi, P.K., 1997. Demand for medical care by the elderly: a finite mixture approach. Journal

of Applied Econometrics 12, 313–336.
Dolton, P., van der Klaauw, W., 1995. Leaving teaching in the UK: A duration analysis. Economic

Journal 105 (1), 431–444.
Ehrenberg, R.G., Smith, R.S., 1994. Modern Labor Economics, 5th Edition, Harper Collins, New York.
Ellwood, D.T., 1986. Targeting ‘would-be’ long-term recipients of AFDC. Mathematica Policy

Research, Princeton.
Fortin, B., Lacroix, G., 1997. Welfare benefits, minimum wage rate and the duration of welfare spells:

Evidence from a natural experiment in Canada. Laval University Department of Economics Working
Paper No.9708.

Gritz, R.M., 1993. The impact of training on the frequency and duration of employment. Journal of
Econometrics 57 (1), 21–51.



232 G.F. Barrett / Journal of Public Economics 77 (2000) 209 –232

Han, A., Hausman, J.A., 1990. Flexible parametric estimation of duration and competing risk models.
Journal of Applied Econometrics 5 (1), 1–28.

Heckman, J.J., Borjas, G.J., 1980. Does unemployment cause future unemployment? Definitions,
questions and answers from a continuous time model of heterogeneity and state dependence.
Economica 47, 257–283.

Heckman, J.J., Singer, B., 1984. A method for minimizing the impact of distributional assumptions in
econometric models for duration data. Econometrica 52 (2), 271–320.

Heckman, J.J., Singer, B., 1985. Social science duration analysis. In: Heckman, J.J., Singer, B. (Eds.),
Longitudinal Analysis of Labor Market Data, Cambridge University Press, Cambridge, pp. 39–110.

Katz, L.F., Meyer, B.D., 1990. The impact of potential duration of unemployment benefits on the
duration of unemployment. Journal of Public Economics 41, 45–72.

Lancaster, T., 1990. The Econometric Analysis of Transition Data, Cambridge University Press,
Cambridge.

Manton, K.G., Stallard, E., Vaupel, J.W., 1986. Alternative models for heterogeneity of mortality risks
among the aged. Journal of the American Statistical Association 81 (4), 635–644.

Meyer, B.D., 1988. Semiparametric estimation of hazard models. Mimeo, MIT.
Meyer, B.D., 1990. On unemployment insurance and unemployment spells. Econometrica 58 (4),

757–782.
Moffitt, R., 1992. Incentive effects of the U.S. welfare system: a review. Journal of Economic

Literature 30 (1), 1–61.
National Council of Welfare, 1993. Welfare Incomes 1992, Minister of Supply and Services, Ottawa.
O’Neill, J.A., Bassi, L.J., Wolf, D.A., 1987. The duration of welfare spells. Review of Economics and

Statistics 69 (1), 241–248.
Prentice, R., Gloeckler, L., 1978. Regression analysis of grouped survival data with an application to

breast cancer data. Biometrics 34, 57–67.


