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Abstract. This paper is concerned with the relationship between education,
wages and working behaviour. The work is partly motivated by the sharp distinction
in the literature between the returns to education and the effect of wages on labour
supply. Education is the investment that cumulates in the form of human capital
while labour supply is the utilization rate of that stock. Yet, variation in education is
usually the basis for identifying labour supply models – education is assumed to
determine wages but not affect labour supply. Moreover, it is commonly assumed
that the private rate of return to education can be found from the schooling
coefficient in a log-wage equation. Yet, the costs of education are largely independent
of its subsequent utilization but the benefits will be higher the greater the utilization
rate. Thus the returns will depend on how intensively that capital is utilized and we
would expect that those who intend to work least to also invest least in human
capital. Indeed, the net (of tax liabilities and welfare entitlements) return to
education will be a complex function of labour supply and budget constraint
considerations.

Here we attempt to model the relationship between wages, work, education and
the tax/welfare system allowing for the endogeneity of education as well for the
correlations between the unobservable components of wages and working behaviour.
We use the estimates to simulate the effect of a new UK policy designed to increase
education for children from low-income households.
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1. INTRODUCTION

This paper is concerned with the relationship between education, wages and
working behaviour. In a lifecycle model we would expect tastes for leisure to
affect education decisions because labour supply at a point in time is the
utilization rate of human capital. Those with a low taste for leisure should
choose to invest in more education because they would plan to use the
resulting human capital more intensively when they joined the labour force.1

This argument has traditionally been ignored in both the literature on the
returns to education2 and the literature on the wage elasticity of labour
supply. In the returns to education literature it is commonly assumed that the
private rate of return to education can be found from the schooling
coefficient in a log-wage equation. While the costs of education are
essentially independent of its subsequent utilization, the benefits of that
human capital investment will be higher the greater is its utilization rate and
so the return to education will depend on how intensively individuals work
in later life.3 The literature on the wage elasticity of labour supply commonly
assumes that education can be used to identify the hours of work equation:
that is, one can legitimately exclude education from this labour supply
equation.4 Yet, if preferences for work affect education decisions earlier in life
then this common identification strategy becomes invalid because the
residual in the hours of work equation would be correlated with the wage.

A related consideration is that the system of taxes and welfare may affect
the acquisition of human capital. Traditionally, it has been argued that taxes
leave the returns to education unaffected since they affect opportunity costs
and subsequent wage gains by the same amount and so the tax rate cancels
out. However, this argument depends on the tax being proportional and, in
practice, the tax system may be progressive and the system of welfare
payments may be ‘means-tested’ against income. Indeed, in-work welfare
programmes are becoming increasingly popular5 and may act as a wage
subsidy that reduces the net costs of on-the-job general training. The

1. The argument assumes that education affects productivity in paid market work but it does
not affect domestic productivity. This is a common assumption although one that has been
argued may not apply in the context of LDCs where maternal education may, for example,
enhance aspects of child quality.

2. Polachek (2004) is a notable recent exception where it is argued explicitly that rises in
female participation rates induce a narrowing of the gender pay gap through higher
expected returns to education, and supporting evidence is provided from ten countries. The
theoretical argument for how human capital investment patterns relate to the presence of
intermittent labour force participation is most clearly made in Weiss and Gronau (1981).
See also Blinder and Weiss (1976), Heckman (1976) and Altonji and Blank (1999).

3. Indeed, there is even little evidence that tests for the possibility of selectivity into work on
the estimated returns to education conditional on working.

4. See, for example, the survey by Blundell and MaCurdy (1999).
5. The earliest such programme was Family Income Supplement in the UK which dates from

1971 while the Earned Income Tax Credit in the US dates from 1975.
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implication is that the net (of tax liabilities and welfare entitlements) return
to education will be a complex function of labour supply preference and
budget constraint considerations. One aspect of this is the effect of education
on labour market participation – an issue that has attracted relatively little
attention in the literature despite its apparent importance.

Finally, we are concerned about the arguments usually used to justify
education subsidies. In the context of higher education the justification is
usually in terms of credit market constraints or externalities. In fact, there is
very limited support for the significance of either of these arguments in the
empirical literature. The credit constraint literature is reviewed in Carneiro
and Heckman (2002) who argue strongly that the strong correlation that
exists between education and parental income is most likely due to the strong
correlations between income across the lifecycle and between early depriva-
tion and intellectual development.6 However, a standard second-best
argument for subsidizing education can be made that does not rely on
externalities or market failure. That is, if education and labour supply are
jointly determined then a distortionary tax, especially a progressive one, that
reduces labour supply might be offset by a subsidy that increases education.
Trostel (1993) makes the theoretical case for this but does not produce any
evidence, and Heckman et al. (1998) provide simulations of the general-
equilibrium effects of taxes and tuition subsidies on skill formation and find
that these are much smaller than the partial-equilibrium effects suggested by
econometric models.

This is an area where we need more research and here we attempt to model
the relationship between wages, work and education incorporating the tax/
welfare system and allowing for the possible correlation between the
unobservable component of wages and working behaviour arising from the
endogenous determination of education. We provide evidence based on an
analysis of UK data and use the resulting estimates to analyse the effects of a
new policy that aims to improve post-compulsory schooling participation
rates for children from low-income households.

The UK has an early school-leaving problem in the sense that a high
proportion of individuals in the population will have left school at the
earliest possible opportunity. Indeed, although the higher education
participation rate has increased dramatically over the last ten years and there
have been considerable efforts to increase the examination performance of
children at the age of 16, this has not been reflected in a substantial increase
in post-compulsory participation and there is still a significant minority that
leave school at the age of 16 with minimal formal qualifications. Moreover,
the proportion of children from low parental income backgrounds who
participate in higher education has fallen despite the large overall increase in
participation. The problem is regarded as acute and the present government is

6. The externality literature is reviewed in Sianesi and van Reenan (2003) who find little
supporting evidence.
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introducing payments to children from poor backgrounds to stay on at school
beyond 16 (Educational Maintenance Allowances, or EMAs)7 and is changing
the structure of higher education tuition fees and student loans to favour
children from low-income backgrounds.

We use the estimates to simulate the net private returns to education, and
hence the financial returns to the government, through greater taxes and
lower welfare expenditure, from encouraging greater education participation.
We also simulate the effect of an EMA-induced increase in education and
hence on net incomes and tax revenue net of welfare payments.

Section 2 outlines the theoretical case for labour supply and education
being jointly determined in a simple lifecycle model. Section 3 describes the
dataset. Section 4 discusses identification. Section 5 presents the estimates
which are applied in Section 6 to simulate the effects of an EMA. Finally,
Section 7 concludes.

2. THEORY

The basic intuition of the idea that education affects labour supply can be
shown in a two-period model with no uncertainty.8 Individuals are assumed
to be endowed with one unit of time per period, t, which is allocated among
three alternatives: working, h, schooling, s, and leisure, l. Thus the time
constraint is 1 � ht þ st þ lt, t 5 1, 2. Time allocated to schooling in the first
period9 produces human capital, H, which increases earnings from working
in the second period. Thus the wage rate, w, in the second period is given by
w2 5 H(s1)w1, where H(0) � 1. Human capital production is assumed to be
governed by a simple isoelastic function H(s) 5fss þ 1, 14s40, where f40
reflects learning ability, and s measures the returns to scale in producing
human capital. Individuals can save or borrow at rate r in the first period and
the initial financial endowment is given as e and so the budget constraint is
(1 þ r)e þ (1 þ r)w1h1 þ w2h2 5 (1 þ r)c1 þ c2, where c is consumption.

Utility is a function of consumption and leisure in each period. Human
capital produced in the first period is assumed to increase the productivity of
leisure in the second period. Thus the utility function is U 5 U[c1, c2/(1 þ r),
h1, v(H) �h2/(1 þ r)], where v(1) � 1 and r is the rate of pure time preference.
v(H) is assumed to be a simple isoelastic function v(H) 5 H a , where 1 � a � 0
and a measures the leisure-productivity returns to human capital. Most

7. This follows their successful piloting in a number of areas. See Ashworth et al. (2002) for
detailed evaluation.

8. This section draws heavily on earlier work in Trostel and Walker (2004) where many further
details can be found.

9. Think of the first period as not just the schooling age, but as the entire first half of
economic life. Full-time schooling ends long before middle age. Similarly, the second
period in this model is not just the working age but also includes retirement which is one of
the ways that work can vary in the second period.
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modelling of human capital ignores its potential impact on the productivity
of leisure time (i.e. a5 0 and v(H) � 1), but there are a few exceptions. In
particular, beginning with Heckman (1976), human capital has sometimes
been assumed to affect the productivity of leisure in the same proportion that
it affects the productivity of work (i.e. a5 1 and v(H) � H). This ‘neutral’
specification of human capital, however, may be no less restrictive than the
usual specification. In other words, neither of the special cases used in the
literature appears particularly likely. It does seem likely that human capital
will affect the productivity of leisure time to some extent. Indeed, the extent
that human capital affects the productivity of leisure is crucial for the
interaction between human capital and hours of work. Thus a general
specification is assumed here. The equilibrium relationship between educa-
tion and future hours of work can be derived from the first-order conditions
of the individual’s optimization problem. Specifically, maximizing utility by
choosing c1, c2, s1, h1 and h2 (s2 is zero and ignored) subject to the time and
budget constraints yields first-order conditions that can be combined to
reveal the equilibrium relationship between education and work:

s ¼ ½sfðh2ð1� aÞ þ aÞ=ð1þ rÞ�1=ð1�sÞ

This equation reveals that the relationship between education and future
work is weakly positive. Unless human capital from education affects the
productivity of leisure time and the productivity of work time propor-
tionately (i.e. a5 1), there is a positive relationship between education and
work. Moreover, this relationship is independent of preferences about work,
consumption and discounting since heterogeneity in preferences will simply
result in individuals choosing different points along the equilibrium
education–work locus.

3. DATA

A major motivation for our work is that hours of work (and participation) and
education are jointly determined. The empirical labour supply literature has
not explicitly acknowledged this possibility so we begin by establishing that
there is some correlation. The data from the UK Family Resources Survey data
(pooled over all of the available years, 1994/95–2000/01) were selected to be
couples (married or cohabiting) in households without other non-dependent
adults, where the male partner is aged 25–64 and the female aged 25–59,
neither are self-employed, and there is at least one dependent child present in
the household.

The FRS is the dataset of choice for the econometric modelling of UK
labour supply since it has been developed by the UK Department for Work
and Pensions for policy analysis purposes. It contains the age at which
individuals complete their full-time education and so can also be used to
conduct simple analysis of wages and education. As is quite common, the
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hourly wage rate is not observed in the data and is constructed by dividing
(normal weekly) earnings by (normal weekly) hours.

The selected dataset consists of 28,572 households and the breakdown of
labour market status is given in Table 1. This shows that male participation is
high and that, conditional on having a non-participating male partner,
female non-participation is disproportionately likely. Thus, there is a 6% core
of ‘workless’ households. Conditional on having a working male partner
there is a large proportion of part-time working mothers in the UK.10

4. METHODOLOGY

Modelling labour supply choices in the face of complex budget constraints
has proved to be problematic for researchers and a popular compromise in the
literature has been to adopt a discrete-choice methodology where individuals
are assumed to choose between a small number of discrete alternatives. We
follow Blundell and MaCurdy (1999) who do static labour supply modelling
in the presence of non-convexities by discretizing the hours distribution.
Modelling labour supply behaviour in the context of non-convex budget
constraints gives rise to a number of empirical difficulties, as summarized in
Blundell and MaCurdy (1999). Essentially, the choice model is simplified to
be discrete choice in order to make it empirically tractable.

Our analysis is confined to married couples and we model labour supply
choice for women among three discrete alternatives (broadly described here
as non-participation, part-time and full-time) while we assume that male
labour supply is either full-time or non-participation.11 The probabilities of
being at each position are functions of income at that position relative to
incomes at all other positions so these models estimate the effect of income
levels (at each choice) on the probabilities of being at each and every choice.

Invariably, labour supply modelling has assumed that education is
exogenous. In contrast the literature on the returns to education has paid a

Table 1 Labour market status (%)

Mother’s status

Father’s status Non-participant Part-time Full-time Total

Non-participant 6.11 1.46 1.31 8.88
Participant 25.14 37.33 28.65 91.12

Total 31.25 38.79 29.96 100.00

10. Further details of the data can be found in an Appendix to this paper available at http://
go.warwick.ac.uk/iwalker

11. This classification seems appropriate given the negligible proportion of men working part-
time and is a compromise between capturing the details of the tax and benefit system and
maintaining empirical tractability.
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great deal of attention to the potential endogeneity of education in
determining wages (see Card, 1999, for example). Our modelling of education
is reduced-form but we allow for correlations between education and
unobservables in our wage equations and labour market choices. Thus, the
paper aims to introduce education directly into labour supply behaviour and
allow agents to act in a theory-consistent way in the presence of non-convex
budget constraints due to taxes and transfers.

We are interested in modelling the labour supply of married couples and
assume a unitary model of household consensus behaviour (see Chiappori,
1992, for the alternative, collective, approach). Labour supply choices are
limited to that between a small number of discrete alternatives: non-work,
part-time or full-time work for women, and non-work or full-time work for
men. No hours substitution is allowed within each of the 6 (2*3) household
alternatives.12

Multinomial choice problems are most often estimated through multi-
nomial logit (less often multinomial probit) by making appropriate stochastic
assumptions. Here we assume joint normality and hence estimate a multi-
nomial probit. This is because of the natural way selection and endogeneity
can be introduced via multivariate normality. The small number of
alternatives we consider make the problem numerically tractable. Further-
more, following Hausman and Wise (1978), we allow for taste heterogeneity
via random parameters on income.13

So far we have defined a state-of-the-art (as defined by Blundell and
MaCurdy, 1999) labour supply model, appropriate for the analysis of
behavioural responses to tax reforms. This can simply be formalized as
follows for the labour supply equation:

U*
j � U*

k ¼ gðYj � YkÞcXHbjk þ Emam
jk þ Ef af

jk þ ðej þ ekÞ

where j and k denote combinations of household labour supply alternatives,
U*

k is unobservable utility in state k, g( � ) is some function of income
differences between states (in this case linear), c is an associated coefficient
vector with mean c and variance (1þ c

�
), XH is a vector of state-invariant

explanatory variables, bjk is an associated vector of coefficients for the
comparison between alternatives j and k, Em is education for the male, am

jk is
an associated vector of coefficients for the comparison between alternatives
j and k, the similar education and coefficient vector for females is superscripted
f, and ej � ek is a normally distributed composite error term.

12. Hoynes (1996) further allows ‘approximation error’ within each alternative. We do not
pursue this, in lieu of added complexity elsewhere.

13. Recent generalizations of the multinomial logit allow heterogeneity by including mixing
terms which are normally distributed (see MacFadden and Train, 2000) or of unspecified
distribution (Hoynes, 1996). While these approaches are arguably more general than that
presented here, their extension to endogenous right-hand-side variables is not obvious.
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The assumption that the income coefficient is a random parameter is
common in labour supply analysis where models based on additive errors
have been shown to be inferior to random preference models. Here we
combine random preferences with an additive error term.

For the wage equations we assume that Ws ¼ Xs
Wbs

W þ es
W , where Ws

denotes the log wage for each spouse s 5 m, f, Xs
W is a vector of explanatory

variables including education, bs
W is an associated vector of coefficients and

eW is a random error term.
The novelty of the paper is to extend this conventional model of wages and

labour supply to allow for education to be potentially endogenous so we add
to our system of labour supply and wage equations, education equations for
husband and wife, Es ¼ Xs

Eb
s
E þ es

E, where Es denotes the level of education,
measured as the age left full-time education, for each spouse, Xs

E is a vector of
explanatory variables, bs

E is an associated vector of coefficients and eE a
random error term.

Thus, we have a six-equation model: education, wages and working
behaviour for both men and women where wages and education are treated
as continuous, and labour supplies are treated as (six possible) discrete
choices. We allow education to be correlated with unobservables in both
wages and working behaviour. In addition to allowing for a correlation
between the education equation and the residuals in the wage equations, we
also expect individuals with a greater than average attachment to the labour
market to have more education than average and so we allow for a correlation
between the education equation and the labour supply model.

5. IDENTIFICATION AND ESTIMATES

The main empirical difficulty in all labour supply modelling, is addressing the
endogeneity of the gross wage. Mostly, hard-to-justify exclusion restrictions
are imposed, and wages (which are missing for non-workers) are predicted
from a reduced-form first-stage regression (see MaCurdy et al., 1990, for a
critique). Education is often included as a wage determinant but assumed not
to affect hours preferences. This is an assumption we test and reject. In
practice, we estimate the wage and labour supply equations jointly and
missing wages for both men and women are integrated out. While normality
alone would be sufficient for identification, it would not, of course, be
convincing.14

In the absence of valid exclusion restrictions, we would have to rely on the
joint normality of the error terms of the wage and hours equations, together
with non-linearities in the tax and benefit system to identify the effect of net
wages on labour supply. The wage equations are used to construct the net

14. See Puhani (2000) for a review of the importance of normality in selection models more
generally.
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income variables that enter the labour supply model. The wage predictions
are used to compute gross incomes at each discrete hours point and a
complex tax and welfare routine is applied to compute corresponding net
incomes.15 One significant advantage of using data pooled over a long period
of time is that, in addition to deriving identification from the non-linearities
in the relationship between W and Y at a point in time we can also exploit
variation in the structure of taxes and transfers over time. For example, the
data span a period when the ‘standard’ marginal rate of tax fell from 30% to
22%. Indeed, strictly speaking, there is no need for exclusion restrictions
between the wage and hours equations: the non-linearity of the tax and
benefit system is enough to break the simple link between potential net
incomes and wages. This argument was used to support the identification in
Blundell et al. (1998).

Non-parametric identification requires excluded instruments in the
education equation: determinants of education, which are not also
determinants of wages and hours of work. Here, identification is achieved
through (in addition to non-linearities and changes in taxes and transfers
over time) plausible exclusion restrictions. Our instruments for the education
of husbands and wives in their respective wage and hours equations are
(quadratic) functions of the age difference between mother and oldest child
and between father and oldest child. This is based on the presumption that
the age at first birth reflects unobserved heterogeneity. The literature on the
effects of early childbirth suggests that women who have their children early
may have found staying on in education more difficult than those women
who had their children later in life.16 There is a great deal of evidence that
teenage motherhood is associated with low educational achievement.17 It is,
of course, possible that early motherhood has an independent effect on wages
– perhaps through common family effects. It is also possible that young
mothers have different attitudes to paid labour market work and there is a
well-developed literature that suggests that fertility and labour supply are
jointly determined.

Given the reduced-form nature of our model, the validity of these
exclusion restrictions are ultimately empirical questions and two different
tests for the validity of our education instruments appear supportive. First, an
over-identification (likelihood-ratio) test shows that both age-difference

15. Our treatment of taxes and transfers computes income tax, national insurance contributions
(i.e. social security), Housing Benefit (income supplements for low income/high housing
cost households), Council Tax Benefit (which reduces the liability of low-income house-
holds to local taxes), Income Support (the main out-of-work welfare programme in the UK)
and Family Credit (the main in-work welfare programme in the UK).

16. We appeal to assortative mating to justify using fathers and child age difference as an
exclusion restriction for husband’s education.

17. Chevalier and Viitanen (2003) and Goodman et al. (2004) produce evidence for the UK that
teen motherhood has significant adverse consequences for education but not on wages
conditional on education.
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instruments can be excluded from both the labour supply and the wage
equations so they are valid to be used as instruments and not controls.
Second, a likelihood-ratio test against the exogenous education model
suggests the instruments have sufficient explanatory power.18 Moreover,
the assumption of exogenous fertility is quite standard practice in much of
the labour supply literature. The results of the model with endogenous
education are given in Table 2.19 The age difference variable measures the age
of first birth so we find that the longer that children are postponed the higher
is education.20 This effect is statistically significant and, as in Chevalier and
Viitanen (2003), substantial in size – mothers who postpone childbirth by
one year have around 0.45 years additional education. The log-wage
equations are conventional with large ethnic differences, lower wages for
cohabiters (compared to married), some strong regional effects, and (gross)
rates of return to education of around 9% for men and 10% for women. These
high estimated returns are consistent with the view that the UK has an early
school-leaving problem:21 many able children, lacking the confidence and/or
resources to progress further in school and higher education, leave school
early despite their ability to continue.

In the labour supply equations, non-participation (NP) is the omitted
labour market state so that a positive estimated coefficient on a variable in the
labour supply model suggests that such a variable is associated with a
preference for non-participation compared to that state. Thus, the positive
coefficients on ethnic origin (non-white) suggests that non-white men have a
stronger preference for non-participation than do white men, and non-white
women have a stronger preference for NP relative to PT (but weaker reference
for FT) than do white women. The education coefficients suggest that more
educated men have a weaker preference for FT compared to NP, while for
women they have a stronger preference for FT and weaker for PT. This also
supports our idea that education and labour supply are jointly determined

18. The log-likelihood of the restricted, exogenous education model is 782,399 compared to
782,477 for our preferred model with our exclusion restrictions imposed and allowing
education to be endogenous. This amounts to a chi-squared of 156 which, with 12
restrictions, has a p-value of 1.00 and amounts to a rejection of exogeneity. Moreover, when
we drop our exclusion restrictions by including the age difference in all equations we find
that the log likelihood rises only to 782,450 giving a chi-squared of 6 and, with 10
restrictions, a p-value of only 0.18. Although, strictly speaking, this amounts to a rejection of
the exclusion restrictions, with such a large dataset it is surprising to get a p-value that is
below unity and we regard this as a powerful result (see Arellano et al., 1999, on this point).

19. The results presented here are for the model with a random coefficient on income in the
labour supply model – (1 þc

�
) in our description above – but this is not significantly

different from unity.
20. Note that we are ignoring children who have died and children who have left home.

However, this is irrelevant since we are not making any structural inferences from this
variable – the education equations are strictly reduced-form so that all that matters is that
this variable is correlated with education.

21. It is also consistent with evidence in Harmon et al. (2003) which uses a variety of UK datasets
and a variety of instruments to show IV returns of around 10% and higher.
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and that the latter is the utilization rate of the former so we would expect a
positive correlation. The estimated covariances are also generally supportive
of the motivation for the work: we find that there is a significant correlation
between (PT and FT) labour supply unobservable preferences and education
that casts doubt on the traditional identification assumption in labour supply
models. Thus, for example, men who have stronger than average preferences
for work have higher than average levels of education. The economic
variables have the correct signs throughout – higher unearned income is
associated with a higher probability of NP relative to alternatives for both
men and women; and for a given unearned income, the higher is the income
difference between states (i.e. the slope of the budget constraint) the greater is
the chance of choosing the higher-income state.

The multinomial nature of the labour supply model makes it difficult to
understand the implications of budget constraints for the probabilities of
being in each state. Thus in Table 3 we present some simple simulations of
how the baseline probabilities are affected if every individual in the sample
had d10 added to their net income in each state in turn. In each case these
effects are consistent with economic theory. In the case of the model with
endogenous labour supply we find that adding d10 to NP income for women
raises the NP probability from 0.3 to 0.35 with a 0.04 fall in PT and a 0.01 fall
in FT; raising PT income by d10 raises the PT probability by 0.04 (i.e. from
40% to 44%) with a 0.03 fall in NP and a 0.01 fall in FT; and raising FT income
by d10 raises the FT probability by close to 0.02 (i.e. from 30% to 32%). These
are relatively large effects from relatively modest changes in net incomes.
Men, as usual, are a great deal less sensitive and exhibit backward-bending
labour supply behaviour: raising NP income by d10 reduces the FT probability
by 0.003 (i.e. from 91.5% to 91.2%).22

Our results have important implications for both the labour supply and
returns to education literatures. The usual exclusion restriction in labour
supply modelling, that education determines wages but not labour supply
conditional on wages, is shown to be strongly rejected. Moreover, we find
that unobservable determinants of labour supply (preferences) do indeed
affect education and wages. The implication of this is that there are important
selection effects from using samples of workers only23 and it is surprising that
so little attention has traditionally been given to this sample selection issue in
the context of female wage equations.

These results are potentially important for policy. Our finding that
education and labour supply are jointly determined implies that a second-
best case for subsidizing education can be made if high marginal tax rates

22. The corresponding simulations using the model with exogenous education show very
similar effects for women but suggest even more inelastic responses by men.

23. We leave the extension to separate FT and PT wages equations to a later date. In earlier work
in a model with exogenous education (for example, Bingley and Walker, 1997) we found
important selection effects in PT and FT wage equations.
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cause significant work disincentives.24 Indeed, since marginal tax rates are
high on the rich (through the progressivity of the tax system) and the poor
(through the effect of means-tested welfare payments and tax credits) one
might argue that there should be subsidies available for both the rich and the
poor. The tax deductibility of certain savings vehicles offers a way for rich
parents to reduce the net cost of education for their children but since welfare
recipients save little in such vehicles a means-tested education subsidy may
be the most efficient policy – as well as having potentially desirable effects on
inequality.

Analysing the implications of the results require that the labour supply
effects be computed. Thus, to illustrate the results we analyse the effects of
adding an additional year of schooling to the whole population. This raises
the gross wages of husbands and wives and this has direct consequences for
the budget constraint, via the tax/welfare system, and hence has labour
supply consequences. Table 4 shows the effects obtained from simulating the
effects of the change in the levels of education for the labour supplies of each
couple in the sample (we uprated all of the data to April 1999 by reflating the
data by price and earnings indices) and averaging. These calculations allow
for the effects of education to impact on labour supply probabilities directly,
and indirectly through the effect of education on wages and hence on net
incomes at each labour supply point. That is, the figures in Table 4 allow for
the impact of the tax and welfare system.25 Because the empirical model and
the budget constraints are non-linear we cannot simply simulate some typical
household. Rather we add one year of education to each wife in the data and
we find that this has an effect, on average, of reducing female non-
participation by more than 3%, while adding two years has around double
the effect. Adding one year to all husbands’ education levels increases wives’
NP probability by about 3% (because we treat husbands’ earnings as unearned

Table 3 Simulated effects of budget constraint changes to labour supply

(% expected in each state)

Women Men

NP PT FT NP FT

Baseline 30.3 39.7 30.0 8.5 91.5
Baseline þ d10

NP 5.4 �4.2 � 1.2 0.3 �0.3
PT �3.2 4.3 � 1.1 � �
FT �0.6 �1.0 1.7 �0.3 0.3

24. See Blundell et al. (1998) for some UK evidence on the impact of taxation on labour supply
that exploits the reductions in marginal tax rates that have occurred over time.

25. We use the same very detailed code used in estimation to capture the tax and welfare rules.
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income to wives) and has a modest effect on male work. Two years has around
double this effect. Adding education to both spouses tends to have
counteracting effects, because of the effect on unearned incomes, so that
the net effect of expanding overall education turns out to be modest for
women.26

6. POLICY SIMULATIONS

The UK has recently introduced payments to the children of low-income
parents that are conditional on remaining at school. These are known as
Educational Maintenance Allowances (EMAs) and are payments to 16- and
17-year-olds that are conditional on remaining in full-time education whose
amounts will be means-tested against parental income. To simulate this we
need to be able to match the income of the parents with the school-leaving of
their children and acknowledge that there is a correlation between them.
Unfortunately the FRS data do not tell us about school-leaving decisions of
the children – all we know is whether children (under 18) who are present in
the household and are still in education.

Thus, we proceed as follows. We use the BHPS data to find the parental
gross earnings (EMA is means tested against earnings) distribution corre-
sponding to the recorded age at which we observe in BHPS children finished
their education. Figure 1 shows the means (reflated to 2001 by a real earnings
index) of this distribution which clearly shows the correlation between

Table 4 Simulated effects of additional education (% in expected state and

changes)

Education years þ Female labour supply Male labour supply

Male Female NP PT FT NP FT

Baseline 28.95 40.36 30.69 8.03 91.97
0 1 �3.22 1.46 1.76 0.04 �0.04
0 2 �6.18 2.51 3.67 0.09 �0.09
1 0 3.13 � 1.76 �1.37 �0.29 0.29
1 1 �0.39 � 0.03 0.43 �0.25 0.25
1 2 �3.68 1.29 2.38 �0.21 0.21
2 0 6.75 � 3.87 �2.88 �0.60 0.60
2 1 2.93 � 1.88 �1.05 �0.57 0.57
2 2 �0.68 � 0.27 0.95 �0.52 0.52

26. The simulated effect of the additional education keeping net incomes constant are large. For
example, adding one year to wives’ educations increases the wives’ average FT probability by
close to 0.6% compared to the increase of close to 1.5% in Table 4 which allows for the
additional effect via the budget constraint.
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education and parental incomes.27 For every pair of parents in our FRS data
we take a single draw from the BHPS distribution corresponding to their own
school-leaving age. So for men in FRS who are recorded as having left school
at 16 we take a draw from the BHPS distribution of parental incomes for BHPS
children who left school at 16. This allows us to estimate the EMA
entitlement that every FRS observation would have faced had EMA existed
when they were young. The simulated average amount paid in EMA is close to
d15 per week and the distribution of this is shown in Figure 2. Note that,
while it is true that those who left school at an early age on average are
simulated to receive most EMA we also find that large amounts of EMA would
have been received by those individuals who would have stayed on in
education without the subsidy. That is, despite the strong correlation between
parental income and early school leaving28 there are many children who
choose to stay on at school despite the low incomes of their parents.
Averaging the amount paid to those who would have stayed on in the
absence of the subsidy we find that 90% of EMA payments are deadweight.

Having estimated EMA entitlements for individuals in the FRS data we
then apply the estimated effects of a marginal pound of EMA obtained by
Ashworth et al. (2002) from their analysis of the EMA pilot areas29 to estimate
the probability that each individual would have been induced to stay on one
and two further years30 had they faced an EMA when they were young. Table
5 gives the estimated effects on the probability of staying on for one and two
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Figure 1 Gross earnings distributions (BHPS parents of children with completed
education)

27. This is for the 1,246 children in BHPS that have ever completed education. Note that the
data are quite sparse for children leaving education at age 19, 20 and 23.

28. See, for example, recent results in Chevalier et al. (2005).
29. EMA was evaluated by comparing the behaviour of recipients in pilot areas with that of non-

recipients in carefully matched control areas. The estimated effects of d1 of EMA receipt was
0.002427 for boys and 0.00153 for girls. Thus, for a full entitlement of around d30 per week
the predicted effect was a rise in the probability of staying on at 16 of around 7%.

30. We assume that EMA does not change the probability of staying on beyond 18.
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additional years beyond 16. The effects for women are smaller because of the
smaller estimated effect per pound of EMA from the evaluation study.

Individuals who left at 16 and 17 are randomly assigned an extra year or
two of education according to the estimated probabilities. We then predict
the direct effects of this additional education on the education and labour
supply and the indirect effects that work through the covariances in the error
terms. This allows us to compute the effects on net incomes taking into
account both the effects on gross wages and on labour supply as well as the
interaction with the tax and welfare system. The result is in Figure 3 which
shows that the benefits are almost entirely confined to individuals who
would have left school at an early age.31 The average effects are small but
they conceal wide variation arising from the fact that just a small proportion
of individuals are indeed encouraged to increase their education. So, for
example, for those men who left at 16 that do increase their education from
16 to 17 (around 5%) the gain in net income is almost d20 per week. The
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Figure 2 Estimated EMA entitlements for FRS adults

Table 5 Estimated probability of one or two additional years of education

Actual education leaving age:

16 17

Men þ 1 4.2 3.9
þ 2 0.3 –

Women þ 1 2.2 2.3
þ 2 0.1 –

31. Indeed the only reason why the benefits leak to those who left school beyond 17 is because
they are married to individuals who left school below 18.
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effect over the whole population is a rise in average net incomes of d0.82 per
week.

7. SUMMARY AND CONCLUSIONS

The aim of the paper has been to illustrate the importance of the interaction
between labour supply and education in the determination of wage rates and
incomes. This arises because of the importance of non-linearities in the
budget constraint induced by the means-tested welfare programmes and the
income tax system in the UK, and the correlation between unobservable
preferences for work and education. We find that the correlation between
work and education preferences, and between preferences for work and wage
rates, are statistically significant. We reject the exogenous education model
and this has important implications for how labour supply models should be
estimated as well as how the returns to education should be computed.

In our empirical exercise, identification is achieved through functional
form assumptions, non-linearities in the tax/benefit system and exclusion of
quadratic terms of mother’s age at first birth, and these are shown to be
statistically valid instruments for education. It is worth noting that treating
fertility as predetermined (in the usual econometric sense) is standard
practice in the analysis of labour supply decisions in the developed world and
there is little reason to expect age at first birth to affect current labour supply
or wages over and above its impact on education. Of course, a more
convincing identification awaits a dataset that contains better instruments
such as family backgrounds that are uncorrelated with labour supply but not
with education, or even ‘natural’ experiments in the education system. Given
the sort of data currently available, the empirical model we present might
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Figure 3 Distribution of net income gains from EMA by age of leaving full-time
education

P. Bingley et al.

412 r Verein für Socialpolitik and Blackwell Publishing Ltd. 2005



best be viewed as an illustration, but at the very least it points to the need for
future research.

Part of the motivation for the research is to see if we can exploit the joint
determination of education and labour supply for policy purposes. Thus, we
use the estimated model to support a simulation of the effects of an education
subsidy that is means-tested against parental income. We find that, because of
the large variance in parental incomes at any level of education of children,
there is a large deadweight loss of such a policy. However, extra education has
a strong effect on living standards and, for those who are encouraged to
invest in additional education, there are large increases in net incomes.
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