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Abstract 
This study estimates the return to education in Britain using two instrumental variable (IV) estimators: 
one exploits variation in schooling associated with early smoking, the other uses the raising of the 
school leaving age; both affect a sizeable proportion of the sample. Early smoking is found to be a 
strong and valid IV and unlike previous IV strategies uses variations in education at numerous points 
across the distributions of (i) education, and (ii) ability. Thus whilst still a ‘local average treatment 
effect’ the estimate is closer to the average effect of additional education, akin to least squares but 
corrected for endogeneity. 
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1 Introduction

The causal effect of education on wages has long been a parameter of interest not only

to labour economists but also to governments and individuals themselves. Much ink has

been spent and many regressions run in pursuit of an answer yet consensus remains elusive.

Restricting focus to estimates of returns in the UK, the range varies from the very low

(Devereux and Hart, 2010) to the perhaps surprisingly high (Harmon and Walker, 1995).

Choice of econometric technique – and more specifically for instrumental variables studies,

the choice of instrument – is non-trivial and has implications both for the size of the estimate

and its external validity.

This paper estimates the causal effect of education on wages using two alternative meth-

ods of instrumentation. Estimates derived using variations in schooling associated with early

smoking behaviour are compared with estimates derived by exploiting the impact on school-

ing of the 1972 raising of the minimum school leaving age (RoSLA) in England and Wales.

The RoSLA instrument follows in the tradition of Card (1995) and similar papers1, which use

institutional factors or elements of the budget constraint to create instruments. This earlier

research using IV methods covers a wide range and it is well established that when the effect

of treatment is heterogeneous, IV estimates a ‘local average treatment effect’ (LATE)2. The

LATE will be instrument dependent and captures the effect of the treatment only for those

induced to change treatment status by the particular instrument chosen. These IV estimates

of the return to education may only apply to quite a specific and unrepresentative group, for

example RoSLA affected only those who had wanted to leave school early therefore in this

case IV estimates the effect of additional schooling for those at the bottom of the schooling

distribution who were forced to stay longer.

In contrast, early smoking is correlated with the schooling decisions of individuals across

1The first notable paper to use instrumental variables to estimate the return to education was Angrist
and Krueger (1991) while Harmon and Walker (1995) were the first to exploit changes in the minimum school
leaving age in the UK to form IVs.

2See Imbens and Angrist (1994) for the theoretical exposition of LATE.

1



the distributions of both (i) education, and (ii) ability. We interpret the estimates from this

IV as closer to an average effect of additional schooling akin to least squares but corrected

for endogeneity. Our contribution is therefore two-fold: first, we present the case that the

early smoking IV LATE is more appropriate than the RoSLA LATE for drawing inference

concerning the average return to education in the population, implementing each IV using

that same data from the British Household Panel Survey. Secondly, as we have two genuinely

different mechanisms generating variation in education and providing two instruments, we

are able to test the validity of the exclusion restrictions, something that is rarely possible to

do. We find the OLS estimate to be considerably downward biased at 4.6% compared with

the IV estimates of 12.9% using early smoking, 10.2% using RoSLA and 12.5% using both

instruments simultaneously. This suggests that schooling in Britain has a high wage return

not only at the lower part of the distribution but across a range of education levels.

The next section considers the problem of estimating the return to education and IV

solutions in the literature. Section 3 establishes the case for early smoking as an instrument

for education. Section 4 describes the data and estimation approach, while section 5 presents

the results before evaluating various hypotheses regarding the instrument. Section 6 then

compares the early smoking instrument estimates with RoSLA IV results, before section 7

exploits the presence of two instruments to formally test the validity of these instruments.

Section 8 offers some concluding remarks.

2 Literature

The foundation of the education returns literature has been Mincer’s (1974) human capital

earnings function:

lnwi = X ′

i
ϕ+ βSi + ǫi (1)

in which wi is the wage, Xi is a vector of the individual’s characteristics, including experience
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and experience-squared, and Si is the number of years of schooling, determined by:

Si = X ′

i
γ + ui (2)

This human capital earnings function tells us the expected (log) wage that an individual will

earn given his/her observable characteristics and years of education. It is well known that if

this relationship in equation (1) is estimated by least squares, a causal interpretation of the

estimated parameter β̂ requires E(Xi ǫi) = 0 and E(Si ǫi) = 0, the latter of which entails

E(ui ǫi) = 0.

The potential for the unobserved characteristics that determine schooling choice to also

be correlated with wage has always been a concern to labour economists. Early research

concentrated on the issue of ‘ability bias’ which suggested that E(ui ǫi) > 0 since the residuals

pick up ability which is positively correlated with both wages and schooling, resulting in OLS

estimates being unambiguously biased upwards. In contrast, Griliches (1977) concluded that

‘ability bias’ was in reality small and was overwhelmed by the attenuation bias introduced

by measurement error in the schooling variable, with the result that OLS under-estimated

the actual return to education.

At the start of the 1990s, a number of economists suggested that OLS estimates of

the return to education may suffer from a further bias – ‘discount rate bias’ (see Lang,

1993; Card, 1994). In Becker’s (1964) model of human capital formation, with standard

assumptions3, an individual will accumulate human capital to the point where the marginal

rate of return on the last unit of education is equal to his/her discount rate. An individual’s

discount rate reflects both his/her access to finance to fund current investment in education

whilst deferring earnings and also his/her rate of time preference. If individuals differ in

their preferences and in their financial resources, this will result in different discount rates

and lead to variation in the point at which they stop acquiring education – a higher discount

3i) workers maximize the discounted present value of lifetime wealth; ii) time in school is independent of
time in work, or alternatively lifetimes are infinitely lived; iii) there are no direct costs of education; iv) the
effect of experience on earnings is multiplicative.

3



rate resulting in a lower optimal level of education. Therefore schooling choice may differ

amongst individuals of the same ability because of differences in individual discount rates.

If the unobserved discount rate that affects education also independently affects wages then

OLS estimates will incur bias from this source.

It could be the case that individuals who have a higher discount rate have more ambition

or determination to get into the labour market and earn money. This drive is rewarded in

higher wages and also these individuals are more likely to choose career paths with steep

wage curves. Consequently a higher discount rate is associated with lower education but

also a higher wage conditional on education, thus E(ui ǫi) < 0 and OLS estimates of the

return to education will be negatively biased. However, it may be that the opposite is true:

Munasinghe and Sicherman (2000) present evidence from the NLSY4 that smoking can proxy

for rate of time preference, and that after controlling for a rich set of covariates, smokers

(high discount rate individuals) experience lower initial wages and lower wage growth than

non-smokers, which would suggest that high discount rate individuals are not selecting into

steep wage growth occupations. If the wages of high discount rate individuals are lower

(conditional on education) and grow more slowly then OLS estimates will be upward biased.

Discount rate and ability are both sources of variation in levels of schooling, moreover

they interact. Though (arguably) unconditionally uncorrelated, Lang (1993) points out that

once we condition on a level of education, discount rate and ability are correlated: those with

a higher discount rate will have higher ability. Recalling Becker’s model this makes sense: if

two individuals have chosen the same level of schooling it means that for each, at that point,

the marginal return to schooling is equal to their discount rate. Thus the individual with

the higher discount rate has a higher marginal return at that level of education, indicating

that they have higher ability. A higher value of discount rate will reduce schooling, but

conditional on schooling in the wage equation, a higher discount rate will mean higher ability

and a higher wage: thus E(ui ǫi) < 0. This potential mechanism through which discount

4National Longitudinal Survey of Youth, US data
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rate affects the joint process of education and earnings again suggests a negative bias in

the OLS estimates. If both ability bias and discount rate bias affect the OLS estimate of

the return to education but work in opposite directions, then a priori the net bias in the

coefficient is indeterminate.

Much of the literature has focused on the IV solution to this endogeneity problem: iden-

tifying a variable which affects schooling but does not independently enter into the earnings

equation, and is uncorrelated with its error term. Numerous instruments have been em-

ployed, with many studies reviewed in Card (2001).

While IV has the advantage that we can potentially derive estimates purged of the bi-

ases discussed above, it also has some shortcomings. Weak instruments (that is, those that

although uncorrelated with wages are hardly correlated with schooling) and invalid instru-

ments (those that although correlated with schooling, may also be correlated with wages)

may be worse than no instruments at all – as Bound, Jaeger and Baker (1993) put it “the

cure can be worse than the disease”.

Much attention has been given to the weak instruments issue in the econometrics liter-

ature of the last 15 years and it is now well established (see inter alia, Baum, Schaffer and

Stillman (2007), Murray (2006)) that two-stage least squares performs very poorly in the

presence of weak instruments: not only are point estimates biased, the estimated standard

errors of parameters are too small, leading to inaccurate inference.

Further, Bound, Jaeger and Baker (1995) show that even a small correlation between

the instrument and the error term in the earnings equation can result in a large bias in the

IV estimates even in large samples – a problem that is compounded if the instrument is

weak. Even when an instrument is significant at conventional levels, it may still be weak

and lead to the problems of bias and unreliable inference outlined above; hence the need to

econometrically verify the strength of any candidate instrument.

It is not routinely possible however to test an instrument for correlation with the error

term in the earnings equation as to do that we would first need to estimate the wage equation
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to give us a valid error term which requires a consistent estimator for ϕ and β, which we

can only find if we have an alternative instrument that we know is valid and strong in the

first place. The advantage in having multiple instruments is that this allows us to determine

the validity of the preferred instrument (early smoking), exploiting the validity of the other

instrument available (RoSLA). In addition to the formal econometric test, further supportive

evidence for the validity of the early smoking instrument is provided by the reduced forms,

by intuition and by the consistency of results estimated with different instruments. While it

is rarely possible to completely dismiss the fear of invalidity, there is firm evidence in favour

of the validity of early smoking as an instrument.

As outlined above, an additional problem with IV in the presence of heterogeneous treat-

ment response is that it captures a LATE: the IV estimate of the schooling coefficient β is

a weighted average of the marginal returns to education for those whose schooling choice

is influenced by the instrument, conditional on Xi
5. While contributing useful informa-

tion regarding the return for specific groups, previous LATE estimates have provided little

indication of what the return to schooling may be for a more general population.

For example, increasing the minimum school leaving age only affects those who want to

leave at the minimum age, and so the LATE is the return for this specific group. Figure 1

shows the education leaving age density when the minimum school leaving age is 15 compared

with when it is 16. It is clear that in the upper ranges the densities are very similar, and that

the increase in minimum school leaving age affects only the lower part of the distribution

of leaving ages. This concurs with the evidence of Chevalier et al. (2004) who use a large

sample of data from the General Households Survey (GHS) and find – using a number of

tests of the equality of distributions – that RoSLA only affected the attainment of those at

the bottom of the schooling distribution: there was not a ripple effect further up. Whether

the individuals affected are predominantly high discount rate or predominantly low ability

will determine whether we expect the IV estimate from RoSLA to be higher or lower than

5In order to give this LATE interpretation, there is a monotonicity requirement that all individuals have
the same signed response to the instrument.
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OLS. In either case it may not be a good guide to a more general return to education.

Therefore it is important that an instrument avoids these three prominent problems:

being correlated with the structural equation error term, being only weakly correlated with

the endogenous regressor or capturing a LATE that is not informative when it comes to

answering the question we want to ask.

3 Instrumenting Education Using Early Smoking

Evans and Montgomery (1994) proposed using whether or not an individual smoked when

they were young as an instrument for schooling6. The intuition behind the instrument starts

with the observation that just as schooling is not randomly assigned across the population,

neither is the decision to engage in (un)healthy habits. Evans and Montgomery note that

“one of the most persistent relationships in health economics is that more educated people

have better health and better health habits” (1994, p1). This view is supported by a number

of reviews of the empirical evidence on the link between health and education by Grossman

(see Grossman, 2006). After extensively reviewing the evidence Grossman concludes that

completed years of formal schooling is the most important correlate of good health, and

this statement applies whether health is being measured by mortality rates, morbidity rates,

self-evaluated health status or psychological well being. In the UK, Oreopoulos (2006) uses

data from the GHS which asks individuals to self-report their health status, and finds that

an additional year of schooling increases the chance that an individual will report good

health by 6.0 percentage points, and reduces the chance of reporting poor health by 3.2

pp. There remains a debate as to whether or not this education-health relationship is

causal, with Evans and Montgomery citing a quite different explanation for the relationship,

proposed by Victor Fuchs (1982). Fuchs argues that unobserved differences in the rate of

time preference determine both the number of years schooling that an individual attains and

6This IV strategy has also been pursued by Chevalier and Walker (2002) using GHS and National Child
Development Study (NCDS) data, and by Fersterer and Winter-Ebmer (2003) for Austrian data.
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their investments in health, as both decisions involve a trade off between current costs and

the discounted value of future benefits.

As with Becker’s model of human capital accumulation, in a health accumulation model

individuals invest in health until the marginal return to health investment equals their dis-

count rate. If an individual has a higher discount rate because of her rate of time preference,

she cares less about the future and more about the present and will therefore ceteris paribus

quit formal education at a younger age and be less (more) likely to engage in good (bad)

health habits. If the correlation between a health habit, such as smoking, and education

is driven by a common unobserved factor (time-preference) then this health habit could

potentially be used as an instrument for education.

In their work on rational addiction Becker and Murphy (1988) posit that the decision to

smoke reflects discount rate in that it indicates an individual’s rate of time preference; we

follow Evans and Montgomery in arguing that, as a result, smoking as a teenager can be used

as a valid instrument for education. One way in which Fuchs supported his hypothesis was

to show that education at age 24, when education levels vary considerably, is as important

a predictor of smoking at 17 – when most individuals have the same level of education –

as it is a predictor of smoking at 24 (see Farrell and Fuchs, 1982). Using a larger dataset

than the main estimation sample, we implement a probit of current smoking using completed

years of schooling amongst the explanatory variables, and repeat the probit for smoking at

age 16. The marginal effects estimated at the mean of the explanatory variables suggest

that for each additional year of schooling the probability of being a current smoker falls

by 2.7% (significant at the 1% level). In the probit for smoking at 16, it is estimated that

each additional year of completed education reduces the probability of having smoked at

age 16 by 3.8% (significant at the 1% level, see Table B-1). Thus completed education is a

significant determinant of early smoking – suggesting that it is not greater education that

determines the decision not to smoke: education predicts early smoking as well as later

smoking, suggesting that another underlying factor (time preference) is determining both.
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Intuitively, the decision that an individual makes at age 16 as to whether or not to

continue in education is likely to be significantly affected by her discount rate – whether that

is because of access to financial resources or because of the individual’s rate of time preference.

In the UK this is the first point at which individuals can choose to leave education, moreover

it remains the case that staying in school post-16 and taking A-levels is the major route

into university. Moreover, whether an individual chooses to smoke at 16 is also likely to be

determined in large part by their rate of time preference. Of the sample individuals who

have ever smoked, 60.5% were smoking when age 16 and 81.1% were smoking when age 187.

Therefore it is clear that the majority of individuals who ever smoke, first take that decision at

around the same time that they are making decisions over the continuation of their education.

This concurrence in the timing of the smoking and school leaving decisions generates a

statistically precise and quantitatively large correlation between years of education and early

smoking. Thus smoking at 16 satisfies the first criterion for an instrument: it is relevant

as it is strongly correlated with completed education. Moreover, the effect of early smoking

on years of schooling is sizeable (just under one year less education is completed on average

by those who smoke when 16 ceteris paribus), therefore the instrument works through a

substantial variation in education.

In addition to looking at the first stage equation for years of schooling, looking at the

reduced form for the dependent variable of interest (log hourly wage), supports the argument

that early smoking can be used to instrument for education. Appendix Table B-2 shows

that the smoker-at-16 indicator has a significant negative coefficient in the reduced form

regression, which is in line with intuition: those who smoked when 16 have lower wages than

those who did not, with the argument being that this is driven wholly by the difference in

average years of schooling between the two groups.

The second criterion is validity: the instrument must not be correlated with wage. As it

is a past health habit that is instrumenting for education in the equation for current wage,

7These figures refer to the estimation sample, for the largest sample available in the BHPS the figures
are almost identical: 61.0% and 79.7%.
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there should not be a correlation via an income effect: the contemporary wage can have no

impact on the disposable income of 16 year old deciding whether or not to smoke. Moreover,

theoretically whether one smoked at 16 should have no independent direct effect on current

wage. It is by no means certain that current smoking affects current wage via a productivity

effect – in fact, using BHPS data Brune (2007) shows that there is only weak evidence that

current smoking causally reduces current wages. Thus a link between smoking at 16 and

current wage would be even more speculative.

Further support for this contention comes from evidence in the literature that there are

no harmful effects of early drug and alcohol use on later economic prospects. Burgess and

Propper (1998) show this for adolescent men in the US whose economic outcomes 10 years

later are unaffected by soft drug and alcohol use, while MacDonald and Pudney (2000)

show similar results for young British men: there are no negative effects on employment or

occupational attainment of teenage use of soft drugs. Taking all of this into consideration,

there is no reason to think that smoking at 16 would affect current wage – and as individuals

age and move further away from being 16 this is even more so the case. Moreover, there is a

good degree of movement between smoking and non-smoking amongst the BHPS sample of

men, with 41.0% of men who did smoke when they were 16 having stopped by the time they

are first observed in the data, while 37.5% of the men who are smokers when first observed

in the data were not smokers at age 16. In fact, of the 585 men who change smoking status

between 16 and their first panel observation, 46.3% are taking up smoking. In light of these

arguments, we believe that smoking at 16 can itself be legitimately excluded from the wage

equation.

The next important question is whether early smoking is correlated with other unobserv-

able characteristics that do affect current wage. If the rate of time preference that charac-

terises early smokers leads to other unobserved human capital investments throughout life

that independently affect wage then this would invalidate the instrument. Alternatively it

may be the case that time-preference at age 16 affects investment in education but that
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conditional on this there is not an additional effect on earnings. Evidence from the psychol-

ogy and psychiatry literatures suggests that for men in particular, time horizons during the

teenage years are often shorter than is the case later in life and that time-preferences do

not settle until men are in their early 20s (see Steinberg (2007), Silverman (2003), Read and

Read (2004), Romer (2010)). This would lower the correlation between teenage and adult

time-preferences for an individual, thus if there is an independent (of education) effect of

time-preference on wages, this may not be correlated with education decisions made when

16. Furthermore, recent work by Grafova and Stafford (2009), examining the wage effects

of smoking history in the US, suggest that conditional on education there is no difference

in wages between those who never smoke and those who smoke earlier in life but then give

up. Anger and Kvasnicka (2010) for Germany and Brune (2007) for the UK find analogous

results. This also suggests that – at least for those who later quit – early smoking does not

indicate unobservable characteristics and investments that will influence later wages. The

substantial degree of movement between smoking status at 16 and smoking status when an

individual is observed in the data also implies that the correlation between early smoking

and later unobserved characteristics is not clear cut.

Finally, given that we have more than one instrument the system is over identified and

we can exploit this to econometrically test for a correlation between early smoking and the

unobservables in the wage equation. Section 7 details the results of numerous approaches to

investigating such a correlation, each of which support the conclusion that early smoking is

a valid instrument for education8.

If we accept that early smoking satisfies these two criteria of relevance (and non-weakness)

and validity then an indicator for early smoking can be used as an instrument: influencing

8Bonjour et al (2003) use data from St. Thomas’ Hospital’s Adult Twins Registry to estimate returns
to education, and also exploit information on early smoking behaviour to consider whether this can be used
as a valid instrument. Bonjour et al conclude that early smoking is picking up family background rather
than time-preference, however their sample is comprised almost exclusively of female twins. Though it may
be the case that for young females – where historically smoking prevalence has been lower – early smoking
is more of a reflection of background than time-preference, this is less likely to be the case for young men,
moreover the background/ability arguments are tackled below.

11



schooling through changing the marginal costs of schooling in a way which is conditionally

uncorrelated with the unobservables.

Furthermore, though it captures a LATE – the return for a group of individuals who

have lower education because of a higher than average discount rate – it is shown below that

this is a group comprised of individuals across the education distribution and of all abilities,

thus the estimate is arguably more representative of the return for the population as a whole

than estimates identified by alternative IV estimation strategies.

4 Data and Estimation

The data comes from the British Household Panel Survey (BHPS) which is a nationally rep-

resentative survey of the population which began in 1991 and follows the sample individuals

each year. In 1999 in addition to the core survey there was a supplementary component

in which questions were asked regarding previous health habits. This allows the creation

of a 15-wave pooled-panel dataset containing variables describing individuals’ characteris-

tics, a dummy to indicate whether the individual smoked when 16, education, and current

hourly wage rate. Since the previous health habits question was only asked in wave 9, the

constructed panel only contains observations from individuals present in that wave, but for

these individuals all of their available observations are included. The sample includes males

who are in full-time employment (30+hours per week), are not self-employed and are in the

age range 19 to 65 inclusive9.

There are issues of measurement error when using number of years of schooling as the

measure of education, however in order to make the results comparable with the majority

of the literature the number of years of schooling is used as the education variable10. The

BHPS does not ask how many years education an individual has nor when the individual

9This age range captures ‘prime-age’ males and ensures that smoking at 18 is not the same as current
smoking for any individuals, as smoking at 18 will be used as an instrument in a robustness check.

10Formally: Years-of-schooling = (age left education - 5); thus we assume a school start age of 5, which is
the compulsory school start age in the UK.
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first left full-time education, rather it asks the age at which the individual left school and age

at which he/she left further education. This creates a potential problem when people return

to full-time education after a number of years away. If an individual completes GCSEs, A-

levels, a standard 3-year degree, then a Masters degree and then a PhD (3 years) this would

equate to 21 years of education, therefore any individual with more than 21 years recorded

education is excluded. This removes observations from just 84 individuals (3.6% of those

with years of schooling calculated)11. With respect to earnings, it is standard to use the log

of hourly earnings and so again for comparability this is what is used – the log of real wage

(using 2006 pounds as the base)12.

The pooled-panel dataset constructed contains 21,256 observations from 2,266 males with

each individual having between 1 and 15 observations; the mean number of observations per

individual is 9.38, median 10. In all of the regressions standard errors are clustered at

the level of the individual13. Appendix A Table A-1 contains summary statistics for the

estimation sample, with the breakdown by early smoking status in Table A-2.

We begin by estimating the conventional human capital earnings function where the

dependent variable is the natural log of real hourly wage, and the explanatory variables are

age, age-squared, and years-of-schooling14. Also included are controls for ethnicity, for region

(using the 10 standard regions) in order to pick up regional real wage differentials, year-of-

birth15 and its square to pick up cohort effects16 and dummies for parental characteristics.

11The results are robust to an alternative assumption of recoding such that anyone with education greater
than 21 years education is recorded as having 21 years of education.

12The log wage distribution is trimmed such that the top and bottom 1% within each year are excluded.
13In order to avoid issues around differential attrition, we have re-estimated the models using both inverse

probability weighting and also including in the regressions a variable indicating the number of observations
that each individual has, and in each case the results remain. As the first stage involves regression of years-of-
schooling – which is time-invariant – on characteristics, we re-estimate the model using just one observation
(their first) for each member of the sample but then all of the observations in the second stage, bootstrapping
to get the correct standard errors in each stage. There is no substantive change in the conclusions. Similarly
the models can be estimated on any single wave and the nature of the results does not change. See Appendix
D, Tables D-1 to D-5.

14Mincer’s specification included experience and experience-squared however in the absence of information
on labour market experience, age and age-squared are routinely used instead hence this is the approach taken.

15Year-of-birth is rescaled such that 1897=1,. . . , 1989=93, since in the range 1897-1989 the birth years in
the data, year-of-birth and year-of-birth-squared are perfectly collinear.

16Including a higher order polynomial in a suitably rescaled year-of-birth does not alter the results nor
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The parental characteristics included are the standard occupational classification of the job

of both the individual’s father and mother when the individual is 14 years of age, and a

dummy to indicate that the individual lived with both natural parents from birth up to the

age of 16. These parental characteristics are included since in their absence the smoking at

16 variable could be picking up background characteristics correlated with education and

smoking at 16. Including year dummies in the model would be problematic since both age

and year-of-birth are included, however controls are included for whether it was the early-,

mid-, late-1990s or post-2000 to allow for business cycle effects17.

5 Results and Analysis

The first column of Table 1 reports the OLS estimate of the human capital earnings function,

the third column reports the IV results using smoking at 16 as the instrument, with the fifth

column reporting the results from the reduced form equation for years of schooling (the

second, fourth and sixth columns contain the standard errors). Looking at the fifth column,

we can see that individuals who smoke when they are 16 have on average 0.88 fewer years

of schooling than those who do not. The standard error is 0.108 giving an absolute value

of the t-statistic of 8.13. Therefore smoking when 16 is strongly significant for education,

and the parameter precisely estimated. This is encouraging given the concerns raised by

inter alia Staiger and Stock (1997) and Bound et al. (1995) concerning the precision of first

stage estimates. The R2 of 0.246 is higher than the R2 for first stage regressions in some

other IV studies18 and the partial-R2 of the effect of the instrument on years-of-schooling

having partialled out the effect of the other covariates is 0.0289 which is high relative to the

guidelines given by Bound et al. (1995).

Applying Stock and Yogo’s (2005) formal test for weak instruments, the Kleibergen-Paap

add to precision in the estimates and so in the interests of parsimony only a quadratic is used.
17These dummies are significant in the wage equation, though their inclusion/exclusion does not alter the

coefficient on the instrument (1st stage) or Ŝi in the second stage.
18Harmon and Walker (1995) for example have a first stage R2 of 0.147.
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rk Wald F -statistic of 66.167 suggests a very strong instrument: the critical value is 16.38,

hence the overwhelmingly indication is that there is not a problem of weak identification

introducing bias to the coefficient on years of schooling19.

Turning to columns 1 and 3, the OLS estimate suggests that an additional year of school-

ing increases wage by 4.6% whereas the IV estimate of the return is 12.9%. We expect that

the IV results will be less precisely estimated than the OLS, and while the standard error

on years of schooling in the instrumented regression does increase, the coefficient remains

precisely estimated and significant at all conventional levels. The large difference in the

estimated coefficients suggests that years of schooling is endogenous, and this conclusion

is strengthened if the residual from the first stage reduced form equation is included as a

regressor in the OLS regression, providing a Hausman test of the endogeneity of schooling.

The absolute value of the t-statistic on this residual is 4.78. Estimation of the IV using the

Fuller-LIML estimator rather than standard 2SLS-IV, in order to be as robust as possible to

any potential bias in the IV estimates, does not result in any substantive change to the esti-

mated coefficients or standard errors: the return to schooling in the IV estimation remains

12.9, st. err. of 0.020 (see Appendix C, Table C-1).20.

The estimates of a 4.6% return by OLS rising to 12.9% by IV are in line with those found

in majority of other studies using UK data, particularly Harmon and Walker (1995, 1999):

19Critical values relevant when standard errors are clustered have not (at time of writing) been tabulated,
however Baum et al. (2007) suggest applying with caution the critical values for the i.i.d. errors case, or
alternatively falling back on the original Staiger and Stock (1997) rule-of-thumb that the F -statistic should
be 10 or more. In either case the null here is soundly rejected.

20The modified LIML estimator introduced by Fuller, with the Fuller parameter, a, set to 1 is regarded as
most robust to any potential weakness of the instrument.
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OLS IV Instrument
Harmon and Walker:
(1995) using FES data 6.1% 15.3% RoSLA (1947 and 1972)
(1999) using GHS data 4.9% 14.0% RoSLA (1972) and educational reforms
(2000) using NCDS data 5.0% 9.9% peer effects and education system

level effects
Chevalier and Walker:
(2002) BHPS (6 waves) 6.4% 20.5% RoSLA (1972)
(2002) NCDS 6.1% 8.0% smoking at 16
(2002) GHS 6.4% 9.5% smoking at 14/16/18
Devereux and Hart:
(2010) GHS 7.0% 4.9% RoSLA (1947) RDD estimate
(2010) NESPD N/A 3.7% RoSLA (1947) TSTSLS design
Grenet:
(2009) LFS 9.3% 7.7% RoSLA (1972) RDD estimate

More recently Devereux and Hart (2010) have used both the GHS and the New Earnings

Survey Panel Dataset to re-assess returns to education estimates using the 1947 raising of

the school leaving age in England from 14 to 15. They implement a Two Sample Two Stage

Least Squares approach and contrary to Oreopoulos’s original (2006) GHS results they find

very low returns for men, in the order of 3 to 4%21. Devereux and Hart suggest that the low

return may be due to the leaving age of 15 not coinciding with any exit exams; moreover

this reform affected a cohort of individuals a generation older than those in our data. Grenet

(2009) exploits the 1972 RoSLA and using Labour Force Survey data finds a return for men

in the range of 7-8%. The 1972 RoSLA IV estimate we find in the BHPS is 10.2%, which is

slightly above Grenet’s estimate, with the early smoking estimate higher still, however this

is in line with the early smoking IV capturing the return for a wider range of individuals –

not just those at the lower end of the schooling distribution.

21Oreopoulos has himself now revised his original IV and RDD estimates – which ranged from 9.4% to
15.8% depending on the sample rules – downwards to 6–7%, consistent with the findings of Devereux and
Hart, see Oreopoulos (2008).
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5.1 Testing for a spurious relationship

5.1.1 Is it a background effect?

This observed relationship between smoking at age 16 and educational attainment could be

driven by something other than rate of time preference, something that also affects wages

and therefore invalidates the instrument. It could be argued for example, that poorer socio-

economic background lowers education and increases the likelihood of smoking. Clearly

socio-economic background may influence the decision to smoke at 16, hence the need to

control as much as possible for individuals’ socio-economic characteristics from the time

when they were a teenager and were making their decisions over education and smoking.

The main specification of the model includes such variables and thus should take this effect

out of the coefficient on the early smoking indicator. As a robustness check we also estimate

the model without the parental characteristic variables, see Table 5. The effect of removing

these background characteristics is that the magnitude of the coefficient on the smoker at

16 indicator in the schooling demand equation increases slightly to -1.08 (s.e. 0.113, t =-

9.61). The F -statistic on the exclusion of the instrument is 92.39, with the partial-R2 of the

instrument of 0.0400, again both suggesting a strong instrument22. The estimated return to

education in the wage equation is 12.1% (s.e. 0.016, t =7.56). Thus with the nature of the

estimate remaining unchanged, it is clear that the inclusion/exclusion of parental character-

istics is not driving the results. Moreover, if we are worried that the early smoking variable

is picking up background, the implication would be that the estimate absent the background

controls is upward biased. Without the controls the estimate goes down rather than up

which implies that early smoking is not simply picking up the effect of these background

factors.

A further concern may be that teenage smoking is influenced by peer group behaviour

and that peer group effects may also translate into choices that affect later wages, imparting

22Clearly with the F -statistic even higher than before, the Stock-Yogo formal tests of weak identification
continue to overwhelmingly suggest a strong instrument.
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a positive bias to our estimate. Evidence from the peer effects literature suggests that peers’

behaviour influences teenage smoking decisions (see Gaviria and Raphael, 2001, Nakajima,

2006, Clark and Lohéac, 2007), however research using UK data also provides support to

an alternative view: that individuals choose to smoke and then choose like-minded peers

(see De Vries et al, 2003). Ideally information on teenage peer group would be available

in order to consider this channel of influence – though even then the endogeneity of peer

group formation and smoking initiation would remain a problem – but unfortunately such

variables are not available in our data. However, to the extent that children from similar

family backgrounds form peer groups, some peer effects will be controlled for by the inclusion

of parental background characteristics. Again, the fact that the point estimate of the return

to education increases when parental characteristics are included indicates that absent these

controls the estimate was not upward biased, which is reassuring.

5.1.2 Is it an ability effect?

The correlation between smoking and education is also consistent with an alternative hy-

pothesis: that those with lower unobserved ability will acquire less education and are more

likely to smoke. If it is the case that we are primarily picking up some measure of ability then

we would expect that – by definition – smoking at 16 only affects the education of individuals

at the lower end of the ability distribution. However if we assume that the residual from

the OLS log wage regression is a reasonable proxy for ability, we can divide this residual

distribution into quintiles and examine whether smoking at 16 is a feature only of low ability

(low residual) individuals or if it is something that individuals of all abilities engage in.

Table 4 shows the numbers who smoke at age 16 in each quintile of this residual log wage

distribution. The left-side panel of the table shows that in the lowest quintile approximately

44% of the males smoked at 16. This figure falls to approximately 39% in the next quintile

up and the next after that (30%) before rising again in the fourth quintile (34%). Despite

a fall in the last quintile, the figure for the percentage of individuals who smoked at age 16
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is still as high as 23% in the highest quintile of the residual log wage distribution. There

are fewer smokers at 16 in the higher quintiles of the distribution, nevertheless there remain

substantial numbers of smokers at 16 in the highest quintiles which indicate the highest

ability individuals.

In addition, Figure 2 plots the density of education leaving age for smokers at 16 and

non-smokers at 16. If it was only low educated, low ability individuals who smoke at 16 then

we would expect the densities to look very different with very little mass in the upper ranges

for the early smokers. However, while the density for non-smokers at 16 does have a greater

mass around 21 and less around 15/16 (suggesting more non-smokers go to university), it is

quite close to being a general right-ward shift of the distribution compared with the smokers

at 16. This is consistent with the idea that A-levels are the main route into university – we

would expect more lower discount rate individuals to remain in school at 16 and the result

of this is the lower percentage leaving at 16 and the resulting higher percentage leaving at

around 21. Elsewhere the picture is very similar but with the smokers at 16 distribution to

the left of the non-smokers. This all fits with the discount rate hypothesis which says that

there are smokers and non-smokers at 16 of all abilities and that smoking at 16 has an effect

to reduce education at all points of the distribution23.

If we continue to use the log wage residual distribution as a proxy for ability and, again

dividing it into five quintiles, look at the first stage reduced form schooling equations, we can

see that the effect of smoking at 16 is actually increasing as we move up the distribution. The

left side of Table 8 shows that in the lowest quintile, schooling is reduced by 0.77 years, this

is equivalent to a reduction of 6.21% of the mean number of years of education in this group.

In the second and third quintiles the reduction in education associated with early smoking is

even greater both in absolute terms and relative to mean education in these quintiles. The

fourth quintile is affected the least by early smoking but still it is associated with three-

23It is true that younger cohorts have been acquiring more education and smoking less which would also
lead to a shift of the curve to the right for non-smokers at 16, however Figure 3 repeats Figure 2 by cohort,
revealing the same pattern in all cohorts.
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quarters of a year less education, and in the highest quintile the estimated reduction is 0.88

years, 6.9% of mean education in this quintile. Table 4 shows that there are significant

numbers of individuals who smoke at 16 in all of the quintiles thus these results are not due

to small numbers of early smokers, and the coefficient on smoking at 16 is significant at the

1% level in all quintiles. Far from only affecting the low ability individuals, this evidence

indicates that smoking at 16 has a greater absolute and relative effect on the highest ability

individuals.

To further pursue the hypothesis that individuals who have lower ability are likely to get

less education and are more likely to smoke, the results are replicated using smoking at age

18 rather than smoking at age 16. Age 18 is the point at which individuals in the UK have to

decide whether to remain in education and go to university, and this decision is likely to be

affected by their rate of time preference. Moreover, it is more difficult to argue that smokers

at 18 are more likely to be lower ability than higher ability individuals. The right panel of

Table 4 shows the numbers who smoke at age 18 in the quintiles of the log wage residual

distribution. The table illustrates that in the lowest quintile the smokers at 18 out number

non-smokers (54% v 46%), and this remains the case in the next quintile up (52% smokers

v 48% non). As with smoking at 16, the numbers who did smoke are generally lower as we

move up the quintiles yet in the highest quintile, still as much as 35% of the individuals

smoked at 18. There are a higher number of individuals who smoked at 18 in the upper

quintiles than in the corresponding table for smoking at 16, indeed in each quintile there are

more smokers at 18 than there were at 16, at least a 10 percentage point swing to smokers

from non-smokers compared with the age 16 measure. This supports the idea that teenage

smoking is a habit that high discount rate individuals of all abilities engage in.

Results using smoking at 18 as the instrument are displayed in Table 9. Looking at the

fifth column, the reduced form equation for schooling, smoking at 18 reduces education by

0.75 years. This is lower than the corresponding reduction associated with smoking at 16 but

this is consistent with the time preference story: smokers at 18 have a higher discount rate
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than non-smokers at 18 but, ceteris paribus, smokers at 16 will have a higher discount rate

than smokers at 18. If smokers at 18 have a lower discount rate relative to those who smoke

at 16, they will remain in education longer thus we expect that the reduction in education

for smokers at 18 is not as much as it is for smokers at 16. The robust standard error

on smoking at 18 is 0.108, giving a t-statistic with an absolute value of 6.93, therefore the

parameter remains precisely estimated. The first stage regression is very similar to the first

stage regression when using smoking at 16. The R2 for this first stage regression is 0.242 so

again high relative to other studies’ findings and the Kleibergen-Paap rk Wald F -statistic

of 48.025 again rejects even a hint of weak identification.

Turning to column 3, the estimated return to schooling when we instrument with smoking

at 18 is slightly higher at 13.5% than the corresponding figure using smoking at 16 (12.9%).

The parameter remains precisely estimated, with a standard error of 0.023 (t =5.76).

As the results using smoking at 18 are very similar to those using smoking at 16, and given

the distribution of smokers at 16 and 18 throughout the wage distribution, this is evidence to

support the hypothesis that early smoking is picking up the time preference of the individual

rather than being a proxy for ability. Moreover, if smoking at 16 was capturing ability then

the IV estimate would be biased up and we would expect smoking at 18 to give a lower

IV estimate. While the estimates using smoking at 16 and 18 are not statistically different

to each other, the point estimate using smoking at 18 is in fact higher. Estimates using

smoking at 17 again give similar results (see Table 10), with the size of the first stage effect

of smoking at 17 consistent with the time preference explanation of the effect of smoking

at different ages on education choice, and the IV estimate of the return to education again

suggesting that using smoking at 16 as an instrument does not upwardly bias the estimate.
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6 Instrumenting Using RoSLA

We now turn to examining how this broader based IV estimate compares with an estimate

derived using RoSLA. The minimum school leaving age was raised in England and Wales

from 15 to 16 in 1972 such that if an individual was 16 by the end of August 1973 he/she

was allowed to leave school in the June of 1973, while if the individual was only 15 at the

end of August 1973 he/she would have to remain another year at school. Thus those born

after August 1957 face a minimum school leaving age of 16. In Scotland this reform took

place in August 1976 therefore individuals born after August 1960 face a minimum school

leaving age of 1624.

The sample is split almost exactly in half with 51.5% of individuals facing a minimum

leaving age of 16. Including a quadratic in year-of-birth means that the smooth changes

in schooling resulting from younger cohorts generally gaining more education are controlled

for, while the identification derives from the discontinuity in years of education induced by

the RoSLA – a well established IV strategy. For those born in 1958, the first year in which

all individuals are affected by the law change, the proportion of individuals leaving school at

age 15 or earlier is 1.9%, a fall from 17.4% the year before. The reduced form for log wage,

including an indicator for the individual facing a minimum school leaving age of 16, shows

that the raising of the school leaving age is associated with a statistically significant increase

in log wage, see Appendix B, Table B-2.

Table 2 displays the RoSLA estimates: column 5 contains the first stage regression results,

column 3 the returns to schooling estimate instrumenting using RoSLA (while column 1

contains the OLS results for comparison).

Looking first at column 5, the raising of the school leaving age is associated with an

increase in education of 0.564 years and the coefficient is precisely estimated. Again, it is

notable that the R2 (0.227) is higher than has been found in similar studies. The partial-R2

24The minimum school leaving age was raised from 14 to 15, in 1947 for England and Wales, 1946 for
Scotland, however, in the estimation sample there are only 73 individuals (3.22%) who face a minimum
school leaving age of 14 hence we have concentrated on the later change to create an instrument.
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for the instrument in the first stage is 0.0044 which is smaller than for the early smoking

instrument but compares well with Harmon and Walker (1995) for their first stage, and with

Bound et al. (1995). The F -statistic on the exclusion of the instrument from the first stage

is 7.49. While this is below Staiger and Stock’s (1997) rule-of-thumb guide of 10, taken with

the partial R2, the overall picture is not of a weak instrument25. The size of the average

increase in education, controlling for other covariates in the first stage, is comparable with

that found in other RoSLA studies (see Harmon and Walker (1995), Oreopoulos (2006)).

Turning to column 3, the estimated return to schooling is 10.2% when we instrument

using RoSLA. This is more than double the size of the OLS return though below the other

IV estimate. However it is not as precisely estimated, the standard error is 0.051 giving a

t-statistic of 1.99, significant at the 5% level.

Table 6 displays the results for the specification excluding parental characteristics. The

effect on the estimated return to education is minor – reducing from 10.2% to 10.0% (s.e.

0.042, t=2.41), signficant at the 5% level. More importantly, in this specification the F -

statistic on the exclusion of the instrument from the first stage increases to 9.98 thus almost

exactly attaining Staiger and Stock’s threshold for a non-weak instrument. As the estimated

coefficient on years of schooling is almost identical to the main specification case, when the

F -statistic was only 7.49, this suggests that there is no weak instrument bias in the estimated

coefficient on years of schooling in the main specification.

The question is whether the group whose return to education is captured when instru-

menting using RoSLA is comprised mainly of those with low ability or is it mainly those

with high discount rate particularly because of financial constraints? If the group whose

return is identified by the RoSLA instrument (which is by definition a low education group)

is in the main comprised of low ability individuals then we would expect that the return for

this group would be lower than the return we find with the smoker at 16 instrument – as

individuals of all abilities are in the early smokers group. The imprecision of the estimate

25Using the Fuller(1) estimator – which is the most robust to the presence of a potentially weak instrument
– the result is almost identical, see Appendix C, Table C-2.
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using RoSLA does not allow us to conclude that it is definitely smaller than the smoking

at 16 IV estimate, however one test of the extent to which RoSLA affects individuals of

different abilities is to repeat the first stage regressions by quintile of the log wage residual

(“ability”) distribution. The results from these regressions are in right hand section of Table

8.

The table shows that the raising of the minimum school leaving age increases the number

of years of schooling by 1.04 years in the lowest quintile, which is 8.4% of the mean number of

years schooling for this group. Being almost exactly one year extra education this suggests

that in this lower quintile of the (proxy) ability distribution, all the individuals wished

to leave school at the minimum age. In the second lowest quintile RoSLA increases the

number of years of schooling by 0.84 years which is 6.9% of the mean for this group. In

the three quintiles above this the increase in education associated with RoSLA is much

smaller in absolute and relative terms than in both of the lowest two quintiles but in none

of these higher quintiles is the dummy for minimum school leaving age of 16 close to being

statistically significant. This is consistent with the hypothesis that the low education group

affected by RoSLA are generally lower ability – if they were mainly high discount rate then

we would expect to see a similar effect across the log wage residual distribution.

Though the imprecision of the RoSLA IV estimate prevents a concrete conclusion that

it is indeed lower than the early smoking IV estimate, comparison of the two suggests that

the RoSLA group are lower ability. This, and the results from looking at where in the proxy

ability distribution each instrument is working, supports the contention that it is more

appropriate to generalise from the early smoking IV estimate to the rest of the population:

as unlike RoSLA, the estimate is not capturing a LATE that is only a lower ability group.
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7 Testing the Instruments

Having more than one instrument allows a more formal test of whether the exclusion restric-

tions are valid. RoSLA and early smoking provide two independent sources of exogenous

variation in education and allow us to genuinely test the validity of the exclusion restrictions.

The Hansen J -test is more compelling when one of the instruments is definitely thought to

be valid, and there are strong arguments that the RoSLA instrument is valid (it was a policy

change exogenous to the individual).

Instrumenting using both early smoking and RoSLA (see Table 3) and then performing

the Hansen J -test results in a test statistic of 0.202, p-value 0.6529, which is a comprehensive

failure to reject the null hypothesis that the instruments are valid. The first stage R2 is high

at 0.250 and the F -statistic on the exclusion of the instruments is 36.83 with a partial R2

on the instruments of 0.0332, all of which suggests that the instruments are strong as well

as valid26.

The Hansen J -test provides formal support for the validity of the early smoking instru-

ment, which earlier evidence has shown to be a strong instrument. Furthermore, in order to

re-enforce the evidence of the Hansen test, it can be decomposed to illustrate directly the

validity of the early smoker instrument specifically: by using the RoSLA instrument to just

identify the system of equations and then taking the valid estimates of the error from the

structural equation and regressing them on the early smoker instrument. The results of such

an exercise are contained in Appendix Table B-3. As can be seen, there is no relationship

between the residuals from the structural equation and the early smoker indicator.

Finally, an alternative IV regression can be run in which RoSLA is used as the identifying

instrument, while the early smoker indicator is included as one of the X variables. Appendix

Table B-4 shows the coefficient estimates when this exercise is carried out. While early smok-

ing affects education in the first stage (with a coefficient almost identical to the specifications

26The Kleibergen-Paap rk Wald F -statistic indicates that the Stock-Yogo tests of weak identification are
easily passed; moreover, using the weak-instrument robust Fuller(1) LIML estimator, the results are almost
identical, see Appendix C, Table C-3.
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in which it is used as an instrument) it is completely insignificant in the structural equation.

This evidence supports the contention that teenage discount rate – as captured by early

smoking – affects choice of education, conditional on the other variables in X, but then has

no further independent effect on log wage. All of these results suggest that early smoking is

both a strong and valid instrument.

Returning to the estimation results when using both RoSLA and early smoking as in-

struments, Table 3 shows that the coefficient on each instrument in the first stage is almost

identical to the case when the instruments are used separately (cf Tables 1 and 2), and the

estimated return to education using both instruments together is 12.5%, significant at the

1% level. The standard error (0.019) is lower than is the case when either of the instruments

are used singly, so the extra variation in schooling that comes with using both instruments

results in a more precise estimate of the IV return to education, as we would expect27.

The problem with this strategy is that using both instruments makes the interpretation less

straightforward: exactly whose return the resulting LATE estimator captures is unclear.

Given that the effects of each instrument in the first stage are similar to their impacts when

used separately, and that the early smoking instrument is the stronger, the resulting IV

estimate is very close to the return for individuals with high discount rates because of their

rate of time preference.

8 Conclusions

This paper presents three IV estimates of the return to education: the early smoking estimate

of 12.9%, the RoSLA estimate of 10.2% and the combined estimate of 12.5%, all of which are

statistically significant and considerably higher than the OLS estimate of 4.6%. The analysis

looking at the effects on different quintiles of the proxy ability distribution, suggests that

the RoSLA IV captures the return for lower-ability individuals who wanted to leave at the

27For completeness, Table 7 displays the estimates when instrumenting using both instruments and just
the basic set of controls – as with the other specifications, excluding background characteristics results in no
substantive change to the results.
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minimum leaving age but were forced to stay longer. In contrast, early smoking is a behaviour

engaged in by individuals of all abilities and education levels, who have high discount rates

because they have a rate of time preference that reflects a preference for the present. This

is important as, unlike the RoSLA IV, it implies that the smoking IV captures the average

marginal return to education for a group comprised of individuals (a) at different points in the

education distribution, and (b) with different levels of ability. Hence the IV estimate derived

is closer to an average marginal return to education, purged of the bias of OLS, and is thus

more appropriate for drawing inference about the return to education in the population as

a whole. Various tests indicate that early smoking is picking up time-preference as opposed

to ability or background and importantly, exploiting the over-identification, further tests

suggest that early smoking is uncorrelated with the wage equation error and is therefore a

valid instrument for education.

There remains the question of why the OLS estimates are consistently found to be below

IV estimates – irrespective of the instrument chosen – when measurement error in standard

micro surveys could only sensibly account for a relatively small attenuation in the OLS

coefficient. Moreover it appears from this study that a negative ‘discount rate bias’ is not a

major factor biasing the OLS estimates downwards. The ‘discount rate bias’ story suggests

that a high discount rate will reduce education and might also independently increase wages.

However, testing for a correlation between the discount rate (as captured by early smoking)

and the wage equation error term suggests no relationship, hence it does not appear that

‘discount rate bias’ is the factor biasing the OLS estimates downwards.

We believe that the results that this and other IV studies find can be reconciled when we

consider the assumptions imposed by Mincer’s human capital earnings function: specifically,

that each additional year of schooling has the same proportional effect on earnings. If

we consider that rather than being linear, the education–log earnings profile is actually

concave, then it seems that the instruments that are commonly used isolate a ‘local average

treatment effect’ for groups of individuals who are primarily located at points in the education
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distribution at which there is a higher average return than the global average estimated by

OLS. The individuals affected by RoSLA may be of lower ability, however if all individuals

have a higher marginal return to schooling at lower levels of schooling then this is consistent

with the estimate from the RoSLA IV being higher than the OLS estimate.

Similarly, the early smoking IV estimate is a LATE and while it uses variations across a

broader range of the education distribution, Figure 2 indicates that the identified treatment

effect is weighted towards individuals located at points in the mid-to-lower education range,

which are regions where the return is higher on average than the global average estimated

by OLS. Compared with the RoSLA return, the early smoking IV estimate derives from

individuals with a greater range of abilities, hence we would expect it to be a higher return.

However, it also derives from a range of education margins, some of which will have a

lower return than the return at the minimum schooling margin identified by RoSLA, hence

it is perhaps unsurprising that the aggregate effect is an estimate close to that from the

RoSLA IV. It needs also to be noted that while significant, the imprecision of the RoSLA IV

coefficient in particular means that the conclusion that the RoSLA estimate is indeed below

the early smoking IV estimate must remain tentative.

Given the consistent evidence from these and other IV estimates of the return to educa-

tion, it seems that the linearity in returns assumption of Mincer’s human capital earnings

function is the principal reason why we consistently find lower OLS estimates.

Support for this conclusion comes from implementing the OLS regression only for those

who left school at their contemporary minimum leaving age. The estimated return to ed-

ucation when doing this is 19.7%. Though the endogeneity of years of schooling in this

regression is not dealt with, the much greater coefficient on years of schooling does sug-

gest that when estimating over the entire range of education levels, the linearity in returns

assumption contributes significantly to the lowering of the OLS coefficient.

From a policy perspective, the evidence here implies that education continues to be

a worthwhile investment, which supports the UK Government’s policy of raising of the
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education leaving age to 17 (in 2013) and then up to 18 (by 2015) in England and Wales.

Moreover it is not only those located at the high school margin who receive a high return –

the average over a broader range of the distribution is also higher than OLS would suggest.

Even allowing for IV’s imprecision we can conclude the return for males in Britain is likely

to be closer to 10% than 5%.
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Tables

Table 1: OLS and Early Smoking IV Returns to Education Estimates for Log
Hourly Wage: full set of controls

OLS IV: smoker at 16 IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.129∗∗∗ 0.020 — — — —
smoker at 16 indicator — — — — — — — — −0.876∗∗∗ 0.108
age 0.099∗∗∗ 0.004 0.094∗∗∗ 0.005 0.056∗∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.052∗∗∗ 0.011 0.398∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.003∗∗∗ 0.000
region: North 0.047 0.038 0.054 0.044 −0.103 0.272
region: Yorkshire 0.003 0.033 −0.022 0.041 0.331 0.253
region: North West 0.054∗ 0.032 0.023 0.040 0.402 0.253
region: East Midlands −0.010 0.032 −0.005 0.038 −0.034 0.235
region: East Anglia 0.015 0.039 −0.009 0.048 0.366 0.324
region: South East 0.142∗∗∗ 0.028 0.082∗∗ 0.037 0.757∗∗∗ 0.206
region: South West 0.023 0.034 0.015 0.041 0.175 0.237
region: Wales −0.012 0.040 −0.019 0.045 0.081 0.285
region: Scotland 0.028 0.036 −0.021 0.044 0.643∗∗ 0.262
ethnicity: Black 0.114 0.105 0.115 0.117 −0.164 0.779
ethnicity: Asian −0.136∗ 0.071 −0.312∗∗∗ 0.105 1.965∗∗∗ 0.485
ethnicity: Other −0.048 0.103 −0.234∗∗ 0.119 2.067∗ 1.111
father’s occ class: 1 0.116∗∗∗ 0.028 0.020 0.041 1.122∗∗∗ 0.214
father’s occ class: 2 0.121∗∗∗ 0.038 −0.077 0.065 2.268∗∗∗ 0.291
father’s occ class: 3 0.089∗∗ 0.043 −0.043 0.058 1.499∗∗∗ 0.321
father’s occ class: 4 0.065∗ 0.036 −0.053 0.051 1.320∗∗∗ 0.305
father’s occ class: 5 0.038∗ 0.023 0.011 0.028 0.335∗∗ 0.170
father’s occ class: 6 0.014 0.035 −0.074 0.048 0.991∗∗∗ 0.305
father’s occ class: 7 0.103∗∗∗ 0.040 0.066 0.049 0.467 0.330
father’s occ class: 9 −0.021 0.029 0.028 0.035 −0.551∗∗∗ 0.197
father’s occ class: 10 0.029 0.027 0.027 0.030 −0.012 0.186
mother’s occ class: 1 0.047 0.049 0.035 0.061 0.112 0.411
mother’s occ class: 2 0.015 0.054 −0.103 0.070 1.433∗∗∗ 0.439
mother’s occ class: 3 0.056 0.048 0.053 0.057 0.046 0.387
mother’s occ class: 4 0.055 0.040 0.014 0.048 0.485 0.307
mother’s occ class: 5 0.010 0.049 0.031 0.058 −0.117 0.417
mother’s occ class: 6 0.025 0.040 0.029 0.045 0.054 0.311
mother’s occ class: 7 0.055 0.041 0.057 0.048 −0.083 0.312
mother’s occ class: 9 −0.004 0.038 0.034 0.044 −0.461 0.284
mother’s occ class: 10 0.004 0.032 −0.006 0.036 0.115 0.253
‘nuclear family’ to 16 0.028 0.019 0.001 0.022 0.247∗ 0.136
mid 1990s −0.045∗∗∗ 0.009 −0.050∗∗∗ 0.010 0.067 0.046
late 1990s −0.065∗∗∗ 0.014 −0.070∗∗∗ 0.016 0.080 0.081
post 2000 −0.033 0.021 −0.040∗ 0.023 0.108 0.126
constant −0.754∗∗∗ 0.250 −0.607∗∗ 0.287 −0.471 1.664
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.072 0.246
F-test on exclusion of smoking at 16 from first stage: 66.17; Partial R2 of instrument = 0.0289
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural
parents to 16, father/mother occupational class ‘plant/machine operative’.
Occupational Class dummies: (1) management, (2) professional,
(3) associate professional/technical, (4) clerical/secretarial, (5) craft and related,
(6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table 2: OLS and RoSLA IV Returns to Education Estimates for Log Hourly
Wage: full set of controls

OLS IV: RoSLA IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.102∗∗ 0.051 — — — —
min. school LA=16 — — — — — — — — 0.564∗∗∗ 0.206
age 0.099∗∗∗ 0.004 0.095∗∗∗ 0.005 0.056∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.040∗ 0.023 0.427∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.000∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.047 0.038 0.051 0.041 −0.080 0.272
region: Yorkshire 0.003 0.033 −0.014 0.040 0.320 0.256
region: North West 0.054∗ 0.032 0.033 0.041 0.386 0.255
region: East Midlands −0.010 0.032 −0.007 0.035 −0.035 0.234
region: East Anglia 0.015 0.039 −0.001 0.047 0.324 0.327
region: South East 0.142∗∗∗ 0.028 0.101∗∗ 0.051 0.741 0.208
region: South West 0.023 0.034 0.017 0.038 0.114∗∗∗ 0.240
region: Wales −0.012 0.040 −0.017 0.043 0.093 0.290
region: Scotland 0.028 0.036 −0.005 0.050 0.658∗∗ 0.266
ethnicity: Black 0.114 0.105 0.114 0.110 0.037 0.746
ethnicity: Asian −0.136∗ 0.071 −0.255∗ 0.139 2.146∗∗∗ 0.515
ethnicity: Other −0.048 0.103 −0.174 0.152 2.214∗∗ 1.074
father’s occ class: 1 0.116∗∗∗ 0.028 0.051 0.069 1.162∗∗∗ 0.216
father’s occ class: 2 0.121∗∗∗ 0.038 −0.013 0.128 2.404∗∗∗ 0.298
father’s occ class: 3 0.089∗∗ 0.043 0.000 0.093 1.585∗∗∗ 0.333
father’s occ class: 4 0.065∗ 0.036 −0.015 0.083 1.440∗∗∗ 0.308
father’s occ class: 5 0.038∗ 0.023 0.020 0.029 0.322∗ 0.172
father’s occ class: 6 0.014 0.035 −0.046 0.064 1.046∗∗∗ 0.313
father’s occ class: 7 0.103∗∗∗ 0.040 0.078 0.049 0.484 0.339
father’s occ class: 9 −0.021 0.029 0.012 0.044 −0.592∗∗∗ 0.196
father’s occ class: 10 0.029 0.027 0.028 0.028 0.043 0.186
mother’s occ class: 1 0.047 0.049 0.039 0.056 0.107 0.426
mother’s occ class: 2 0.015 0.054 −0.065 0.094 1.378∗∗∗ 0.454
mother’s occ class: 3 0.056 0.048 0.054 0.053 0.007 0.395
mother’s occ class: 4 0.055 0.040 0.027 0.050 0.453 0.317
mother’s occ class: 5 0.010 0.049 0.025 0.054 −0.240 0.430
mother’s occ class: 6 0.025 0.040 0.027 0.042 −0.070 0.322
mother’s occ class: 7 0.055 0.041 0.057 0.044 −0.053 0.324
mother’s occ class: 9 −0.004 0.038 0.022 0.047 −0.491∗ 0.293
mother’s occ class: 10 0.004 0.032 −0.003 0.034 0.103 0.264
‘nuclear family’ to 16 0.028 0.019 0.010 0.026 0.330∗∗ 0.137
mid 1990s −0.045∗∗∗ 0.009 −0.048∗∗∗ 0.010 0.063 0.047
late 1990s −0.065∗∗∗ 0.014 −0.068∗∗∗ 0.015 0.075 0.083
post 2000 −0.033 0.021 −0.038∗ 0.023 0.094 0.129
constant −0.754∗∗∗ 0.250 −0.655∗∗ 0.280 −1.459 1.681
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.177 0.227
F-test on exclusion of min. school LA=16 from first stage: 7.49; Partial R2 of the instrument = 0.0044
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural
parents to 16, father/mother occupational class ‘plant/machine operative’.
Occupational Class dummies: (1) management, (2) professional,
(3) associate professional/technical, (4) clerical/secretarial, (5) craft and related,
(6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table 3: OLS and Both instruments IV Returns to Education Estimates for
Log Hourly Wage: full set of controls

OLS IV: both IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.125∗∗∗ 0.019 — — — —
smoker at 16 indicator — — — — — — — — −0.874∗∗∗ 0.107
min. school LA=16 — — — — — — — — 0.556∗∗∗ 0.202
age 0.099∗∗∗ 0.004 0.094∗∗∗ 0.005 0.054∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.050∗∗∗ 0.011 0.399∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.047 0.038 0.053 0.044 −0.097 0.272
region: Yorkshire 0.003 0.033 −0.021 0.040 0.347 0.253
region: North West 0.054∗ 0.032 0.024 0.039 0.409 0.253
region: East Midlands −0.010 0.032 −0.006 0.037 −0.014 0.235
region: East Anglia 0.015 0.039 −0.008 0.048 0.398 0.325
region: South East 0.142∗∗∗ 0.028 0.084∗∗ 0.036 0.767∗∗∗ 0.207
region: South West 0.023 0.034 0.015 0.040 0.192 0.236
region: Wales −0.012 0.040 −0.019 0.045 0.082 0.286
region: Scotland 0.028 0.036 −0.019 0.043 0.705∗∗∗ 0.263
ethnicity: Black 0.114 0.105 0.115 0.116 −0.114 0.788
ethnicity: Asian −0.136∗ 0.071 −0.305∗∗∗ 0.103 1.975∗∗∗ 0.493
ethnicity: Other −0.048 0.103 −0.226∗ 0.116 2.021∗ 1.080
father’s occ class: 1 0.116∗∗∗ 0.028 0.024 0.040 1.118∗∗∗ 0.213
father’s occ class: 2 0.121∗∗∗ 0.038 −0.068 0.062 2.271∗∗∗ 0.290
father’s occ class: 3 0.089∗∗ 0.043 −0.038 0.056 1.485∗∗∗ 0.319
father’s occ class: 4 0.065∗ 0.036 −0.048 0.050 1.324∗∗∗ 0.303
father’s occ class: 5 0.038∗ 0.023 0.012 0.027 0.322∗ 0.170
father’s occ class: 6 0.014 0.035 −0.070 0.046 0.968∗∗∗ 0.303
father’s occ class: 7 0.103∗∗∗ 0.040 0.067 0.048 0.501 0.330
father’s occ class: 9 −0.021 0.029 0.026 0.034 −0.542∗∗∗ 0.194
father’s occ class: 10 0.029 0.027 0.027 0.030 0.000 0.185
mother’s occ class: 1 0.047 0.049 0.036 0.060 0.079 0.414
mother’s occ class: 2 0.015 0.054 −0.098 0.069 1.379∗∗∗ 0.442
mother’s occ class: 3 0.056 0.048 0.053 0.057 0.018 0.388
mother’s occ class: 4 0.055 0.040 0.016 0.048 0.451 0.310
mother’s occ class: 5 0.010 0.049 0.030 0.057 −0.104 0.414
mother’s occ class: 6 0.025 0.040 0.028 0.045 0.030 0.313
mother’s occ class: 7 0.055 0.041 0.057 0.047 −0.111 0.316
mother’s occ class: 9 −0.004 0.038 0.033 0.044 −0.488∗ 0.285
mother’s occ class: 10 0.004 0.032 −0.005 0.036 0.099 0.256
‘nuclear family’ to 16 0.028 0.019 0.002 0.022 0.251∗ 0.136
mid 1990s −0.045∗∗∗ 0.009 −0.049∗∗∗ 0.010 0.073 0.046
late 1990s −0.065∗∗∗ 0.014 −0.070∗∗∗ 0.016 0.092 0.081
post 2000 −0.033 0.021 −0.039∗ 0.023 0.120 0.126
constant −0.754∗∗∗ 0.250 −0.613∗∗ 0.283 −0.157 1.663
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.088 0.250
F-test on exclusion of instruments from first stage: 36.83; Partial R2 of the instrument = 0.0332
Hansen’s J-test of overidentification = 0.202, p-value = 0.6529
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural
parents to 16, father/mother occupational class ‘plant/machine operative’.
Occupational Class dummies: (1) management, (2) professional,
(3) associate professional/technical, (4) clerical/secretarial, (5) craft and related,
(6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table 4: Smokers at 16/18 by quintile of the mean log wage residual distri-
bution

Non-smoker Smoker Non-smoker Smoker
quintile at 16 at 16 Total at 18 at 18 Total

1 256 198 454 209 245 454
56.39% 43.61% 100.00% 46.04% 53.96% 100.00%

2 278 175 453 216 237 453
61.37% 38.63% 100.00% 47.68% 52.32% 100.00%

3 319 134 453 265 188 453
70.42% 29.58% 100.00% 58.50% 41.50% 100.00%

4 299 154 453 255 198 453
66.00% 34.00% 100.00% 56.29% 43.71% 100.00%

5 349 104 453 295 158 453
77.04% 22.96% 100.00% 65.12% 34.88% 100.00%

Total 1501 765 2266 1240 1026 2266
66.24% 33.76% 100.00% 54.72% 45.28% 100.00%

Notes: OLS log wage regression (Table 1 column 1) run on pooled panel dataset, residuals are
taken and the mean residual for each individual is calculated. These are then ranked into
5 quintiles as a measure of unobserved ability.
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Table 5: OLS and Early Smoking IV Returns to Education Estimates for Log
Hourly Wage: basic set of controls

OLS IV: smoker at 16 IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.052∗∗∗ 0.003 0.121∗∗∗ 0.016 — — — —
smoker at 16 indicator — — — — — — — — −1.087∗∗∗ 0.113
age 0.098∗∗∗ 0.004 0.094∗∗∗ 0.005 0.067∗∗∗ 0.023
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.014∗∗ 0.007 −0.048∗∗∗ 0.011 0.466∗∗∗ 0.042
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.004 0.000
region: North 0.041 0.038 0.048 0.044 −0.124 0.286
region: Yorkshire −0.003 0.033 −0.018 0.039 0.269 0.265
region: North West 0.050 0.033 0.022 0.039 0.432 0.270
region: East Midlands −0.016 0.032 −0.006 0.037 −0.122 0.258
region: East Anglia 0.010 0.040 −0.006 0.047 0.318 0.338
region: South East 0.143∗∗∗ 0.028 0.080∗∗∗ 0.036 0.946∗∗∗ 0.219
region: South West 0.023 0.034 0.010 0.040 0.271 0.251
region: Wales −0.018 0.040 −0.019 0.044 0.003 0.305
region: Scotland 0.020 0.036 −0.023 0.043 0.688∗∗ 0.283
ethnicity: Black 0.117 0.093 0.104 0.113 −0.015 0.751
ethnicity: Asian −0.150∗∗ 0.070 −0.290∗∗∗ 0.098 1.844∗∗∗ 0.519
ethnicity: Other −0.042 0.095 −0.221∗ 0.119 2.406∗∗ 0.996
mid 1990s −0.047∗∗∗ 0.009 −0.049∗∗∗ 0.010 0.040 0.050
late 1990s −0.068∗∗∗ 0.014 −0.068∗∗∗ 0.016 0.019 0.086
post 2000 −0.038∗ 0.021 −0.037 0.023 0.014 0.133
constant −0.849∗∗∗ 0.247 −0.590∗∗ 0.280 −2.204 1.697
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.251 0.098 0.143
F-test on exclusion of instrument from first stage: 92.39; Partial R2 of the instrument = 0.0400
Notes: *** significant at 1% level, ** significant at 5% level, * significant at 10% level.

Standard errors are clustered at the level of the individual and robust.



Table 6: OLS and RoSLA IV Returns to Education Estimates for Log Hourly
Wage: basic set of controls

OLS IV: RoSLA IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.052∗∗∗ 0.003 0.100∗∗ 0.042 — — — —
min. school LA=16 — — — — — — — — 0.691∗∗∗ 0.219
age 0.098∗∗∗ 0.004 0.095∗∗∗ 0.005 0.068∗∗∗ 0.023
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.014∗∗ 0.007 −0.038∗ 0.022 0.501∗∗∗ 0.042
year-of-birth2 0.000∗∗∗ 0.000 0.000∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.041 0.038 0.046 0.041 −0.089 0.286
region: Yorkshire −0.003 0.033 −0.014 0.038 0.246 0.268
region: North West 0.050 0.033 0.030 0.041 0.418 0.273
region: East Midlands −0.016 0.032 −0.009 0.035 −0.129 0.258
region: East Anglia 0.010 0.040 −0.001 0.045 0.277 0.343
region: South East 0.143∗∗∗ 0.028 0.099∗ 0.052 0.936∗∗∗ 0.223
region: South West 0.023 0.034 0.014 0.038 0.202 0.256
region: Wales −0.018 0.040 −0.019 0.042 0.022 0.314
region: Scotland 0.020 0.036 −0.010 0.048 0.710∗∗ 0.288
ethnicity: Black 0.117 0.093 0.108 0.105 0.251 0.700
ethnicity: Asian −0.150∗∗ 0.070 −0.248∗∗ 0.120 2.075∗∗∗ 0.560
ethnicity: Other −0.042 0.095 −0.167 0.149 2.566∗∗∗ 0.939
mid 1990s −0.047∗∗∗ 0.009 −0.048∗∗∗ 0.010 0.036 0.050
late 1990s −0.068∗∗∗ 0.014 −0.068∗∗∗ 0.015 0.013 0.089
post 2000 −0.038∗ 0.021 −0.037∗ 0.022 −0.004 0.137
constant −0.849∗∗∗ 0.247 −0.668∗∗ 0.303 −3.375∗ 1.727
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.251 0.176 0.113
F-test on exclusion of instrument from first stage: 9.98; Partial R2 of the instrument = 0.0058
Notes: *** significant at 1% level, ** significant at 5% level, * significant at 10% level.

Standard errors are clustered at the level of the individual and robust.



Table 7: OLS and Both Instruments IV Returns to Education Estimates for
Log Hourly Wage: basic set of controls

OLS IV: both IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.052∗∗∗ 0.003 0.118∗∗∗ 0.015 — — — —
smoker at 16 indicator — — — — — — — — −1.083∗∗∗ 0.113
min. school LA=16 — — — — — — — — 0.673∗∗∗ 0.213
age 0.098∗∗∗ 0.004 0.094∗∗∗ 0.005 0.064∗∗∗ 0.023
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.014∗∗ 0.007 −0.047∗∗∗ 0.010 0.466∗∗∗ 0.042
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.041 0.038 0.048 0.043 −0.117 0.285
region: Yorkshire −0.003 0.033 −0.018 0.039 0.292 0.264
region: North West 0.050 0.033 0.023 0.039 0.444∗ 0.268
region: East Midlands −0.016 0.032 −0.006 0.037 −0.095 0.257
region: East Anglia 0.010 0.040 −0.005 0.046 0.360 0.340
region: South East 0.143∗∗∗ 0.028 0.083∗∗ 0.036 0.958∗∗∗ 0.219
region: South West 0.023 0.034 0.011 0.039 0.292 0.250
region: Wales −0.018 0.040 −0.019 0.044 0.007 0.306
region: Scotland 0.020 0.036 −0.021 0.043 0.764∗∗∗ 0.283
ethnicity: Black 0.117 0.093 0.104 0.112 0.041 0.763
ethnicity: Asian −0.150∗∗ 0.070 −0.285∗∗∗ 0.097 1.868∗∗∗ 0.528
ethnicity: Other −0.042 0.095 −0.215∗ 0.117 2.351∗∗ 0.958
mid 1990s −0.047∗∗∗ 0.009 −0.048∗∗∗ 0.010 0.049 0.049
late 1990s −0.068∗∗∗ 0.014 −0.068∗∗∗ 0.016 0.035 0.086
post 2000 −0.038∗ 0.021 −0.037 0.023 0.030 0.133
constant −0.849∗∗∗ 0.247 −0.600∗∗ 0.277 −1.811 1.697
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.251 0.109 0.148
F-test on exclusion of instruments from first stage: 51.63; Partial R2 of the instrument = 0.00454
Hansen J -test of overidentification: 0.190, p-value = 0.6630
Notes: *** significant at 1% level, ** significant at 5% level, * significant at 10% level.

Standard errors are clustered at the level of the individual and robust.



Table 8: First Stage IV Regression Coefficients on Smoker at 16 indicator
and Minimum School Leaving Age of 16 indicator, by quintile of the mean
log wage residual distribution

IV (first stage): Smoking IV (first stage): RoSLA
quintile smoker at 16 R2 MSLA=16 R2

1 −0.773∗∗∗ 0.268 1.044∗∗ 0.262
#obs = 3684 (0.265) (0.510)

mean years of schooling
12.41

2 −1.044∗∗∗ 0.317 0.837∗ 0.292
#obs = 4285 (0.227) (0.458)

mean years of schooling
12.09

3 −0.950∗∗∗ 0.329 0.315 0.309
#obs = 4461 (0.249) (0.496)

mean years of schooling
12.30

4 −0.747∗∗∗ 0.257 0.398 0.240
#obs = 4496 (0.213) (0.388)

mean years of schooling
12.28

5 −0.879∗∗∗ 0.341 0.080 0.321
#obs = 4330 (0.241) (0.435)

mean years of schooling
12.65

Notes: *** signficant at 1% level, ** significant at 5% level, * significant at 10% level
Robust standard errors clustered at individual level in parenthesis.
Other covariates included in regressions are as Table 1.
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Table 9: OLS and Smoker at 18 IV Returns to Education Estimates for Log
Hourly Wage: full set of controls

OLS IV: smoker at 18 IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.135∗∗∗ 0.023 — — — —
smoker at 18 indicator — — — — — — — — −0.745∗∗∗ 0.108
age 0.099∗∗∗ 0.004 0.093∗∗∗ 0.005 0.054∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.054∗∗∗ 0.012 0.399∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.003∗∗∗ 0.000
region: North 0.047 0.038 0.054 0.045 −0.121 0.274
region: Yorkshire 0.003 0.033 −0.024 0.042 0.319 0.254
region: North West 0.054∗ 0.032 0.020 0.041 0.414 0.253
region: East Midlands −0.010 0.032 −0.005 0.038 −0.041 0.236
region: East Anglia 0.015 0.039 −0.011 0.050 0.392 0.324
region: South East 0.142∗∗∗ 0.028 0.077∗∗ 0.039 0.760∗∗∗ 0.209
region: South West 0.023 0.034 0.014 0.042 0.138 0.238
region: Wales −0.012 0.040 −0.020 0.046 0.063 0.287
region: Scotland 0.028 0.036 −0.025 0.046 0.600∗∗ 0.264
ethnicity: Black 0.114 0.105 0.115 0.119 −0.212 0.774
ethnicity: Asian −0.136∗ 0.071 −0.325∗∗∗ 0.112 2.081∗∗∗ 0.511
ethnicity: Other −0.048 0.103 −0.248∗∗ 0.124 2.112∗ 1.091
father’s occ class: 1 0.116∗∗∗ 0.028 0.013 0.044 1.160∗∗∗ 0.213
father’s occ class: 2 0.121∗∗∗ 0.038 −0.092 0.071 2.327∗∗∗ 0.292
father’s occ class: 3 0.089∗∗ 0.043 −0.053 0.063 1.514∗∗∗ 0.326
father’s occ class: 4 0.065∗ 0.036 −0.062 0.054 1.362∗∗∗ 0.309
father’s occ class: 5 0.038∗ 0.023 0.009 0.029 0.340∗∗ 0.170
father’s occ class: 6 0.014 0.035 −0.081 0.051 0.983∗∗∗ 0.308
father’s occ class: 7 0.103∗∗∗ 0.040 0.063 0.050 0.493 0.329
father’s occ class: 9 −0.021 0.029 0.032 0.036 −0.551∗∗∗ 0.196
father’s occ class: 10 0.029 0.027 0.026 0.031 −0.008 0.186
mother’s occ class: 1 0.047 0.049 0.034 0.063 0.062 0.411
mother’s occ class: 2 0.015 0.054 −0.112 0.074 1.352∗∗∗ 0.443
mother’s occ class: 3 0.056 0.048 0.053 0.059 0.074 0.388
mother’s occ class: 4 0.055 0.040 0.011 0.050 0.471 0.310
mother’s occ class: 5 0.010 0.049 0.033 0.060 −0.199 0.420
mother’s occ class: 6 0.025 0.040 0.029 0.046 0.021 0.313
mother’s occ class: 7 0.055 0.041 0.058 0.049 −0.113 0.313
mother’s occ class: 9 −0.004 0.038 0.037 0.046 −0.489∗ 0.287
mother’s occ class: 10 0.004 0.032 −0.007 0.037 0.088 0.256
‘nuclear family’ to 16 0.028 0.019 −0.001 0.022 0.258∗ 0.135
mid 1990s −0.045∗∗∗ 0.009 −0.050∗∗∗ 0.010 0.066 0.046
late 1990s −0.065∗∗∗ 0.014 −0.070∗∗∗ 0.016 0.079 0.082
post 2000 −0.033 0.021 −0.040∗ 0.024 0.100 0.127
constant −0.754∗∗∗ 0.250 −0.596∗∗ 0.293 −0.399 1.675
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.042 0.242
F-test on exclusion of smoking at 18 from first stage: 48.02; Partial R2 of instrument = 0.0236
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural
parents to 16, father/mother occupational class ‘plant/machine operative’.
Occupational Class dummies: (1) management, (2) professional,
(3) associate professional/technical, (4) clerical/secretarial, (5) craft and related,
(6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table 10: OLS and Smoker at 17 IV Returns to Education Estimates for Log
Hourly Wage: full set of controls

OLS IV: smoker at 17 IV: first stage
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.130∗∗∗ 0.021 — — — —
smoker at 17 indicator — — — — — — — — −0.816∗∗∗ 0.108
age 0.099∗∗∗ 0.004 0.094∗∗∗ 0.005 0.055∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.052∗∗∗ 0.012 0.398∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.003∗∗∗ 0.000
region: North 0.047 0.038 0.054 0.045 −0.123 0.274
region: Yorkshire 0.003 0.033 −0.022 0.041 0.302 0.254
region: North West 0.054∗ 0.032 0.022 0.040 0.383 0.253
region: East Midlands −0.010 0.032 −0.005 0.038 −0.065 0.235
region: East Anglia 0.015 0.039 −0.009 0.049 0.351 0.323
region: South East 0.142∗∗∗ 0.028 0.081∗∗ 0.037 0.739∗∗∗ 0.208
region: South West 0.023 0.034 0.015 0.041 0.157 0.238
region: Wales −0.012 0.040 −0.019 0.045 0.062 0.285
region: Scotland 0.028 0.036 −0.022 0.044 0.594∗∗ 0.263
ethnicity: Black 0.114 0.105 0.115 0.117 −0.172 0.772
ethnicity: Asian −0.136∗ 0.071 −0.314∗∗∗ 0.106 1.972∗∗∗ 0.492
ethnicity: Other −0.048 0.103 −0.236∗∗ 0.119 2.147∗∗ 1.087
father’s occ class: 1 0.116∗∗∗ 0.028 0.019 0.042 1.132∗∗∗ 0.213
father’s occ class: 2 0.121∗∗∗ 0.038 −0.079 0.067 2.282∗∗∗ 0.293
father’s occ class: 3 0.089∗∗ 0.043 −0.045 0.060 1.508∗∗∗ 0.325
father’s occ class: 4 0.065∗ 0.036 −0.055 0.052 1.319∗∗∗ 0.303
father’s occ class: 5 0.038∗ 0.023 0.010 0.028 0.335∗∗ 0.170
father’s occ class: 6 0.014 0.035 −0.075 0.048 1.007∗∗∗ 0.308
father’s occ class: 7 0.103∗∗∗ 0.040 0.065 0.049 0.510 0.331
father’s occ class: 9 −0.021 0.029 0.029 0.035 −0.550∗∗∗ 0.196
father’s occ class: 10 0.029 0.027 0.027 0.030 −0.026 0.186
mother’s occ class: 1 0.047 0.049 0.035 0.061 0.081 0.411
mother’s occ class: 2 0.015 0.054 −0.104 0.071 1.368∗∗∗ 0.441
mother’s occ class: 3 0.056 0.048 0.053 0.058 0.043 0.393
mother’s occ class: 4 0.055 0.040 0.014 0.049 0.463 0.308
mother’s occ class: 5 0.010 0.049 0.032 0.059 −0.139 0.418
mother’s occ class: 6 0.025 0.040 0.029 0.046 0.034 0.313
mother’s occ class: 7 0.055 0.041 0.057 0.048 −0.087 0.312
mother’s occ class: 9 −0.004 0.038 0.035 0.045 −0.492∗ 0.285
mother’s occ class: 10 0.004 0.032 −0.006 0.037 0.082 0.254
‘nuclear family’ to 16 0.028 0.019 0.001 0.022 0.252∗ 0.136
mid 1990s −0.045∗∗∗ 0.009 −0.050∗∗∗ 0.010 0.063 0.046
late 1990s −0.065∗∗∗ 0.014 −0.070∗∗∗ 0.016 0.074 0.081
post 2000 −0.033 0.021 −0.040∗ 0.023 0.097 0.126
constant −0.754∗∗∗ 0.250 −0.605∗∗ 0.288 −0.469 1.671
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.067 0.245
F-test on exclusion of smoking at 18 from first stage: 57.14; Partial R2 of instrument = 0.0267
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural
parents to 16, father/mother occupational class ‘plant/machine operative’.
Occupational Class dummies: (1) management, (2) professional,
(3) associate professional/technical, (4) clerical/secretarial, (5) craft and related,
(6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.
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Figure 1: Education Leaving Age Density, by Minimum School Leaving Age
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Figure 2: Education Leaving Age Density, by Smoker at 16 Status
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Figure 3: Education Leaving Age Density, by Smoker at 16 Status and cohort
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A Sample Summary Statistics

Table A-1: Sample Summary Statistics, total

Variable Mean Std. Dev. Min Max Variable Mean Std. Dev. Min Max

number of observations per person 9.380 4.516 1 15 ethnicity: Other 0.007 0.083 0 1
log wage 2.214 0.437 0.848 3.407 father’s occ class: 1 0.139 0.346 0 1
years of schooling 12.507 2.646 7 21 father’s occ class: 2 0.064 0.244 0 1
smoker at age 16 0.315 0.465 0 1 father’s occ class: 3 0.038 0.191 0 1
minimum school leaving age was 16 0.537 0.499 0 1 father’s occ class: 4 0.049 0.216 0 1
age 39.991 10.757 19 65 father’s occ class: 5 0.234 0.423 0 1
cohort: born in the 1920s 0.003 0.052 0 1 father’s occ class: 6 0.044 0.205 0 1
cohort: born in the 1930s 0.050 0.219 0 1 father’s occ class: 7 0.032 0.177 0 1
cohort: born in the 1940s 0.203 0.402 0 1 father’s occ class: 8 0.171 0.377 0 1
cohort: born in the 1950s 0.274 0.446 0 1 father’s occ class: 9 0.086 0.280 0 1
cohort: born in the 1960s 0.319 0.466 0 1 father’s occ class: 10 0.143 0.350 0 1
cohort: born in the 1970s 0.146 0.354 0 1 mother’s occ class: 1 0.037 0.188 0 1
cohort: born in the 1980s 0.005 0.069 0 1 mother’s occ class: 2 0.026 0.159 0 1
region: North 0.068 0.252 0 1 mother’s occ class: 3 0.032 0.175 0 1
region: Yorkshire 0.097 0.296 0 1 mother’s occ class: 4 0.098 0.297 0 1
region: North West 0.106 0.308 0 1 mother’s occ class: 5 0.029 0.168 0 1
region: East Midlands 0.092 0.290 0 1 mother’s occ class: 6 0.073 0.260 0 1
region: West Midlands 0.086 0.280 0 1 mother’s occ class: 7 0.066 0.248 0 1
region: East Anglia 0.043 0.202 0 1 mother’s occ class: 8 0.051 0.220 0 1
region: South East 0.280 0.449 0 1 mother’s occ class: 9 0.084 0.277 0 1
region: South West 0.100 0.300 0 1 mother’s occ class: 10 0.505 0.500 0 1
region: Wales 0.051 0.221 0 1 ‘nuclear family’ to 16 0.831 0.375 0 1
region: Scotland 0.076 0.265 0 1 early 1990s 0.195 0.396 0 1
ethnicity: White 0.974 0.160 0 1 mid 1990s 0.213 0.409 0 1
ethnicity: Black 0.004 0.062 0 1 late 1990s 0.221 0.415 0 1
ethnicity: Asian 0.016 0.124 0 1 post 2000 0.371 0.483 0 1
total number of observations 21265
Notes: ‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.

Occupational class dummies: (1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (8) plant/machine operative, (9) other, (10) self-emp/unemp.
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Table A-2: Sample Summary Statistics, by Early Smoking Status

Smoker at 16 Non-Smoker at 16
Variable Mean Std. Dev. Min Max Mean Std. Dev. Min Max

log wage 2.120 0.423 0.878 3.395 2.257 0.437 0.848 3.407
years of schooling 11.646 2.081 8 21 12.902 2.781 7 21
smoker at age 16 1.000 0.000 1 1 0.000 0.000 0 0
min. sch leaving age 16 0.486 0.500 0 1 0.561 0.496 0 1
age 41.230 11.337 19 65 39.421 10.431 19 65
cohort: born in the 1920s 0.004 0.063 0 1 0.002 0.046 0 1
cohort: born in the 1930s 0.063 0.244 0 1 0.044 0.206 0 1
cohort: born in the 1940s 0.258 0.438 0 1 0.177 0.382 0 1
cohort: born in the 1950s 0.250 0.433 0 1 0.284 0.451 0 1
cohort: born in the 1960s 0.266 0.442 0 1 0.344 0.475 0 1
cohort: born in the 1970s 0.150 0.357 0 1 0.145 0.352 0 1
cohort: born in the 1980s 0.008 0.091 0 1 0.003 0.057 0 1
region: North 0.057 0.231 0 1 0.073 0.260 0 1
region: Yorkshire 0.103 0.304 0 1 0.095 0.293 0 1
region: North West 0.103 0.303 0 1 0.107 0.309 0 1
region: East Midlands 0.095 0.293 0 1 0.091 0.288 0 1
region: West Midlands 0.076 0.266 0 1 0.090 0.287 0 1
region: East Anglia 0.050 0.219 0 1 0.039 0.193 0 1
region: South East 0.272 0.445 0 1 0.284 0.451 0 1
region: South West 0.119 0.324 0 1 0.091 0.288 0 1
region: Wales 0.044 0.204 0 1 0.055 0.228 0 1
region: Scotland 0.082 0.274 0 1 0.074 0.261 0 1
ethnicity: White 0.991 0.097 0 1 0.966 0.181 0 1
ethnicity: Black 0.001 0.037 0 1 0.005 0.070 0 1
ethnicity: Asian 0.006 0.075 0 1 0.020 0.140 0 1
ethnicity: Other 0.002 0.049 0 1 0.009 0.094 0 1
father’s occ class: 1 0.123 0.329 0 1 0.146 0.353 0 1
father’s occ class: 2 0.036 0.185 0 1 0.077 0.266 0 1
father’s occ class: 3 0.027 0.161 0 1 0.043 0.203 0 1
father’s occ class: 4 0.032 0.177 0 1 0.057 0.231 0 1
father’s occ class: 5 0.257 0.437 0 1 0.223 0.416 0 1
father’s occ class: 6 0.036 0.187 0 1 0.048 0.213 0 1
father’s occ class: 7 0.036 0.187 0 1 0.031 0.172 0 1
father’s occ class: 8 0.194 0.396 0 1 0.161 0.367 0 1
father’s occ class: 9 0.113 0.316 0 1 0.074 0.261 0 1
father’s occ class: 10 0.146 0.353 0 1 0.142 0.349 0 1
mother’s occ class: 1 0.031 0.173 0 1 0.039 0.195 0 1
mother’s occ class: 2 0.018 0.134 0 1 0.030 0.169 0 1
mother’s occ class: 3 0.028 0.166 0 1 0.033 0.179 0 1
mother’s occ class: 4 0.085 0.279 0 1 0.104 0.305 0 1
mother’s occ class: 5 0.043 0.204 0 1 0.023 0.148 0 1
mother’s occ class: 6 0.098 0.297 0 1 0.062 0.240 0 1
mother’s occ class: 7 0.051 0.221 0 1 0.072 0.259 0 1
mother’s occ class: 8 0.053 0.223 0 1 0.050 0.218 0 1
mother’s occ class: 9 0.092 0.288 0 1 0.080 0.272 0 1
mother’s occ class: 10 0.501 0.500 0 1 0.507 0.500 0 1
‘nuclear family’ to 16 0.795 0.404 0 1 0.848 0.359 0 1
early 1990s 0.196 0.397 0 1 0.194 0.396 0 1
mid 1990s 0.212 0.409 0 1 0.214 0.410 0 1
late 1990s 0.219 0.414 0 1 0.222 0.415 0 1
post 2000 0.373 0.484 0 1 0.371 0.483 0 1
# observations per person 8.753 4.650 1 15 9.700 4.414 1 15
# individuals 765 1501
Notes: See Table A-1 for variable descriptions.



B In Support of Early Smoking as a Valid Instrument

Table B-1: The Effect of Schooling on Probability of Current and Early
Smoking

Current Smoker Smoker at 16
marginal fx marginal fx z x-bar

years of schooling −0.027∗∗∗ −7.24 −0.038∗∗∗ −8.38 12.306
age 0.005 1.35 0.002 0.50 42.374
age2 0.000∗∗∗ −2.99 0.000 −0.36 1939.210
year-of-birth −0.016∗∗∗ −2.66 −0.002 −0.30 59.190 (=1955)
year-of-birth2 0.000∗∗∗ 2.84 0.000 0.25 3647.300
region: North −0.032 −0.76 −0.033 −0.66 0.066
region: Yorkshire 0.037 0.99 0.031 0.69 0.098
region: North West 0.037 0.97 0.031 0.69 0.104
region: East Midlands 0.056 1.46 0.060 1.30 0.094
region: East Anglia 0.047 1.05 0.112∗ 1.94 0.043
region: South East 0.055∗ 1.72 0.047 1.23 0.285
region: South West −0.005 −0.12 0.059 1.29 0.097
region: Wales 0.062 1.36 0.006 0.11 0.053
region: Scotland 0.065 1.57 0.063 1.28 0.078
ethnicity: Black −0.121 −1.27 −0.181 −1.39 0.006
ethnicity: Asian 0.225∗∗∗ 3.18 −0.176∗∗ −2.29 0.016
ethnicity: Other −0.016 −0.16 −0.174 −1.55 0.008
father’s occ class: 1 −0.022 −0.74 −0.041 −1.17 0.141
father’s occ class: 2 −0.094∗∗ −2.39 −0.094∗ −1.88 0.058
father’s occ class: 3 0.013 0.28 −0.099∗ −1.81 0.035
father’s occ class: 4 −0.055 −1.28 −0.104∗∗ −2.10 0.047
father’s occ class: 5 0.012 0.46 −0.010 −0.33 0.236
father’s occ class: 6 0.022 0.49 −0.089∗ −1.79 0.042
father’s occ class: 7 0.006 0.13 −0.002 −0.03 0.032
father’s occ class: 9 0.009 0.29 0.016 0.43 0.094
father’s occ class: 10 −0.012 −0.39 −0.056∗ −1.67 0.151
mother’s occ class: 1 −0.017 −0.33 −0.026 −0.39 0.037
mother’s occ class: 2 0.070 1.07 0.003 0.04 0.027
mother’s occ class: 3 −0.050 −0.87 −0.036 −0.51 0.030
mother’s occ class: 4 −0.036 −0.84 −0.023 −0.42 0.089
mother’s occ class: 5 −0.023 −0.41 0.048 0.67 0.028
mother’s occ class: 6 0.025 0.51 0.036 0.62 0.068
mother’s occ class: 7 −0.054 −1.16 −0.083 −1.48 0.060
mother’s occ class: 9 −0.017 −0.39 −0.057 −1.08 0.083
mother’s occ class: 10 −0.012 −0.33 −0.060 −1.29 0.532
‘nuclear family’ to 16 −0.062∗∗∗ −2.86 −0.099∗∗∗ −3.73 0.820
mid 1990s 0.002 0.22 0.000 0.06 0.223
late 1990s 0.037∗∗∗ 2.90 0.035∗∗∗ 2.85 0.200
post 2000 −0.006 −0.30 0.002 0.08 0.371
# individuals 2805 2805
# observations 33298 33298
obs. prob. 0.287 0.344
pred. prob. (at x-bar) 0.276 0.331
Notes: Reference categories: West Midlands, white, did not live with both natural parents to 16,

father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table B-2: Reduced Form for Log Hourly Wage: Smoker at 16 instrument,
RoSLA instrument and Both instruments

Smoker at 16 Min. School LA=16 Both
Robust Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

smoker at 16 indicator −0.113∗∗∗ 0.016 — — — — −0.113∗∗∗ 0.016
min. school LA=16 — — — — 0.058∗∗ 0.028 0.057∗∗ 0.027
age 0.101∗∗∗ 0.004 0.101∗∗∗ 0.004 0.101∗∗∗ 0.004
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.000 0.007 0.003 0.007 −0.000 0.007
year-of-birth2 0.000∗∗ 0.000 0.000 0.000 0.000∗ 0.000
region: North 0.040 0.040 0.043 0.040 0.041 0.039
region: Yorkshire 0.021 0.035 0.019 0.035 0.023 0.035
region: North West 0.075∗∗ 0.034 0.072∗∗ 0.034 0.075∗∗ 0.034
region: East Midlands −0.010 0.033 −0.010 0.034 −0.008 0.033
region: East Anglia 0.038 0.040 0.032 0.041 0.041 0.040
region: South East 0.179∗∗∗ 0.029 0.177∗∗∗ 0.029 0.180∗∗∗ 0.029
region: South West 0.037 0.034 0.029 0.034 0.039 0.034
region: Wales −0.009 0.042 −0.007 0.043 −0.009 0.042
region: Scotland 0.062∗ 0.037 0.062∗ 0.037 0.068∗ 0.037
ethnicity: Black 0.094 0.115 0.118 0.113 0.099 0.115
ethnicity: Asian −0.059 0.066 −0.036 0.066 −0.058 0.066
ethnicity: Other 0.032 0.132 0.052 0.129 0.028 0.130
father’s occ class: 1 0.165∗∗∗ 0.029 0.170∗∗∗ 0.029 0.164∗∗∗ 0.029
father’s occ class: 2 0.215∗∗∗ 0.040 0.233∗∗∗ 0.041 0.216∗∗∗ 0.041
father’s occ class: 3 0.150∗∗∗ 0.046 0.162∗∗∗ 0.047 0.149∗∗∗ 0.047
father’s occ class: 4 0.117∗∗∗ 0.040 0.132∗∗∗ 0.041 0.117∗∗∗ 0.040
father’s occ class: 5 0.054∗∗ 0.024 0.053∗∗ 0.024 0.053∗∗ 0.024
father’s occ class: 6 0.054 0.039 0.061 0.038 0.051 0.038
father’s occ class: 7 0.126∗∗∗ 0.042 0.127∗∗∗ 0.043 0.129∗∗∗ 0.042
father’s occ class: 9 −0.043 0.031 −0.048 0.031 −0.042 0.031
father’s occ class: 10 0.025 0.028 0.032 0.028 0.026 0.028
mother’s occ class: 1 0.050 0.052 0.050 0.053 0.046 0.052
mother’s occ class: 2 0.082 0.060 0.076 0.060 0.076 0.061
mother’s occ class: 3 0.059 0.051 0.055 0.052 0.056 0.051
mother’s occ class: 4 0.077∗ 0.042 0.074∗ 0.043 0.073∗ 0.042
mother’s occ class: 5 0.016 0.052 −0.000 0.054 0.018 0.052
mother’s occ class: 6 0.035 0.043 0.020 0.044 0.033 0.043
mother’s occ class: 7 0.047 0.043 0.051 0.044 0.044 0.043
mother’s occ class: 9 −0.025 0.040 −0.028 0.042 −0.028 0.040
mother’s occ class: 10 0.009 0.034 0.008 0.036 0.007 0.034
‘nuclear family’ to 16 0.033 0.021 0.044∗∗ 0.021 0.033 0.021
mid 1990s −0.041∗∗∗ 0.009 −0.042∗∗∗ 0.009 −0.040∗∗∗ 0.009
late 1990s −0.060∗∗∗ 0.015 −0.061∗∗∗ 0.015 −0.058∗∗∗ 0.015
post 2000 −0.026 0.021 −0.028 0.022 −0.025 0.021
constant −0.668∗∗ 0.261 −0.803∗∗∗ 0.263 −0.636∗∗ 0.261
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.217 0.205 0.218
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural parents to 16,
father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table B-3: Regression of Residuals from Structural Equation (when using
the RoSLA IV) on the Smoker at 16 indicator

OLS

smoker at 16 indicator −0.022
(0.016)

constant 0.007
(0.009)

# observations 21256
# individuals 2266
R2 0.001

Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level
Robust standard errors clustered at individual level in parenthesis.

Construction of the dependent variable ǫ̂i:
Log hourly wage estimated by IV regression, first stage equation estimated:

Ŝi = Xiγ̃ + Ziπ̃ + ui where Zi is the min. school LA=16 indicator.
Second stage equation (1) estimated:

log(wi) = Xiϕ+ Ŝiβi + ǫi.
The residuals are recovered and these ǫ̂i are the dependent variable.
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Table B-4: IV Estimates of The Return to Education using RoSLA, including
Smoker at 16 status as an Explanatory Variable

IV: RoSLA IV: first stage
Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.102∗ 0.052 — — — —
min. school LA=16 — — — — 0.556∗∗∗ 0.202
smoker at 16 indicator −0.024 0.049 −0.874∗∗∗ 0.107
age 0.095∗∗∗ 0.005 0.054∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.041∗ 0.022 0.399∗∗∗ 0.041
year-of-birth2 0.000∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.051 0.041 −0.097 0.272
region: Yorkshire −0.013 0.041 0.347 0.253
region: North West 0.034 0.042 0.409 0.253
region: East Midlands −0.006 0.035 −0.014 0.235
region: East Anglia 0.001 0.048 0.398 0.325
region: South East 0.102∗ 0.053 0.767∗∗∗ 0.207
region: South West 0.019 0.038 0.192 0.236
region: Wales −0.017 0.042 0.082 0.286
region: Scotland −0.004 0.052 0.705∗∗∗ 0.263
ethnicity: Black 0.110 0.109 −0.114 0.788
ethnicity: Asian −0.259∗ 0.133 1.975∗∗∗ 0.493
ethnicity: Other −0.178 0.146 2.021∗ 1.080
father’s occ class: 1 0.051 0.068 1.118∗∗∗ 0.213
father’s occ class: 2 −0.015 0.123 2.271∗∗∗ 0.290
father’s occ class: 3 −0.002 0.089 1.485∗∗∗ 0.319
father’s occ class: 4 −0.018 0.078 1.324∗∗∗ 0.303
father’s occ class: 5 0.020 0.029 0.322∗ 0.170
father’s occ class: 6 −0.047 0.061 0.968∗∗∗ 0.303
father’s occ class: 7 0.078 0.050 0.501 0.330
father’s occ class: 9 0.013 0.042 −0.542∗∗∗ 0.194
father’s occ class: 10 0.026 0.028 0.000 0.185
mother’s occ class: 1 0.038 0.056 0.079 0.414
mother’s occ class: 2 −0.064 0.095 1.379∗∗∗ 0.442
mother’s occ class: 3 0.054 0.052 0.018 0.388
mother’s occ class: 4 0.028 0.050 0.451 0.310
mother’s occ class: 5 0.028 0.053 −0.104 0.414
mother’s occ class: 6 0.030 0.042 0.030 0.313
mother’s occ class: 7 0.055 0.044 −0.111 0.316
mother’s occ class: 9 0.022 0.047 −0.488∗ 0.285
mother’s occ class: 10 −0.003 0.034 0.099 0.256
‘nuclear family’ to 16 0.008 0.023 0.251∗ 0.136
mid 1990s −0.048∗∗∗ 0.010 0.073 0.046
late 1990s −0.068∗∗∗ 0.016 0.092 0.081
post 2000 −0.037 0.023 0.120 0.126
constant −0.620∗∗ 0.267 −0.157 1.663
# observations 21256 21256
# individuals 2266 2266
R2 0.178 0.250

Notes: *** significant at the 1% level, ** significant at the 5% level, * significant
at the 10% level. Standard errors are clustered at the level of the
individual and robust. ‘nuclear family’ to 16 means lived with both
natural parents from birth to age 16. Ref. categories: West Midlands,
white, did not live with both natural parents to 16, father/mother
occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical,
(4) clerical/secretarial, (5) craft and related, (6) personal/protective
services, (7) sales, (9) other, (10) self-emp/unemp.



C Robustness to using Fuller(1) LIML Estimator

Table C-1: OLS and Early Smoking IV Returns to Education Estimates for
Log Hourly Wage: full set of controls

OLS IV: smoker at 16 IV: first stage
Robust Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.129∗∗∗ 0.020 — — — —
smoker at 16 indicator — — — — — — — — −0.876∗∗∗ 0.108
age 0.099∗∗∗ 0.004 0.094∗∗∗ 0.005 0.056∗∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.052∗∗∗ 0.011 0.398∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.003∗∗∗ 0.000
region: North 0.047 0.038 0.054 0.044 −0.103 0.272
region: Yorkshire 0.003 0.033 −0.022 0.041 0.331 0.253
region: North West 0.054∗ 0.032 0.023 0.040 0.402 0.253
region: East Midlands −0.010 0.032 −0.005 0.038 −0.034 0.235
region: East Anglia 0.015 0.039 −0.009 0.048 0.366 0.324
region: South East 0.142∗∗∗ 0.028 0.082∗∗ 0.037 0.757∗∗∗ 0.206
region: South West 0.023 0.034 0.015 0.041 0.175 0.237
region: Wales −0.012 0.040 −0.019 0.045 0.081 0.285
region: Scotland 0.028 0.036 −0.021 0.044 0.643∗∗ 0.262
ethnicity: Black 0.114 0.105 0.115 0.117 −0.164 0.779
ethnicity: Asian −0.136∗ 0.071 −0.312∗∗∗ 0.105 1.965∗∗∗ 0.485
ethnicity: Other −0.048 0.103 −0.234∗∗ 0.119 2.067∗ 1.111
father’s occ class: 1 0.116∗∗∗ 0.028 0.020 0.041 1.122∗∗∗ 0.214
father’s occ class: 2 0.121∗∗∗ 0.038 −0.076 0.065 2.268∗∗∗ 0.291
father’s occ class: 3 0.089∗∗ 0.043 −0.043 0.058 1.499∗∗∗ 0.321
father’s occ class: 4 0.065∗ 0.036 −0.053 0.051 1.320∗∗∗ 0.305
father’s occ class: 5 0.038∗ 0.023 0.011 0.028 0.335∗∗ 0.170
father’s occ class: 6 0.014 0.035 −0.074 0.048 0.991∗∗∗ 0.305
father’s occ class: 7 0.103∗∗∗ 0.040 0.066 0.049 0.467 0.330
father’s occ class: 9 −0.021 0.029 0.028 0.035 −0.551∗∗∗ 0.197
father’s occ class: 10 0.029 0.027 0.027 0.030 −0.012 0.186
mother’s occ class: 1 0.047 0.049 0.035 0.061 0.112 0.411
mother’s occ class: 2 0.015 0.054 −0.103 0.070 1.433∗∗∗ 0.439
mother’s occ class: 3 0.056 0.048 0.053 0.057 0.046 0.387
mother’s occ class: 4 0.055 0.040 0.015 0.048 0.485 0.307
mother’s occ class: 5 0.010 0.049 0.031 0.058 −0.117 0.417
mother’s occ class: 6 0.025 0.040 0.029 0.045 0.054 0.311
mother’s occ class: 7 0.055 0.041 0.057 0.048 −0.083 0.312
mother’s occ class: 9 −0.004 0.038 0.034 0.044 −0.461 0.284
mother’s occ class: 10 0.004 0.032 −0.006 0.036 0.115 0.253
‘nuclear family’ to 16 0.028 0.019 0.001 0.022 0.247∗ 0.136
mid 1990s −0.045∗∗∗ 0.009 −0.050∗∗∗ 0.010 0.067 0.046
late 1990s −0.065∗∗∗ 0.014 −0.070∗∗∗ 0.016 0.080 0.081
post 2000 −0.033 0.021 −0.040∗ 0.023 0.108 0.126
constant −0.754∗∗∗ 0.250 −0.607∗∗ 0.287 −0.471 1.664
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.073 0.246
F-test on exclusion of smoking at 16 from first stage: 66.17; Partial R2 of instrument = 0.0289
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural parents to 16,
father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table C-2: OLS and RoSLA IV Returns to Education Estimates for Log
Hourly Wage: full set of controls

OLS IV: RoSLA IV: first stage
Robust Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.101∗∗ 0.051 — — — —
min. school LA=16 — — — — — — — — 0.564∗∗∗ 0.206
age 0.099∗∗∗ 0.004 0.095∗∗∗ 0.005 0.056∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.040∗ 0.023 0.427∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.000∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.047 0.038 0.051 0.041 −0.080 0.272
region: Yorkshire 0.003 0.033 −0.013 0.040 0.320 0.256
region: North West 0.054∗ 0.032 0.033 0.041 0.386 0.255
region: East Midlands −0.010 0.032 −0.007 0.035 −0.035 0.234
region: East Anglia 0.015 0.039 −0.001 0.046 0.324 0.327
region: South East 0.142∗∗∗ 0.028 0.102∗∗ 0.051 0.741∗∗∗ 0.208
region: South West 0.023 0.034 0.017 0.038 0.114 0.240
region: Wales −0.012 0.040 −0.017 0.042 0.093 0.290
region: Scotland 0.028 0.036 −0.005 0.050 0.658∗∗ 0.266
ethnicity: Black 0.114 0.105 0.114 0.110 0.037 0.746
ethnicity: Asian −0.136∗ 0.071 −0.254∗ 0.138 2.146∗∗∗ 0.515
ethnicity: Other −0.048 0.103 −0.172 0.151 2.214∗∗ 1.074
father’s occ class: 1 0.116∗∗∗ 0.028 0.052 0.068 1.162∗∗∗ 0.216
father’s occ class: 2 0.121∗∗∗ 0.038 −0.011 0.127 2.404∗∗∗ 0.298
father’s occ class: 3 0.089∗∗ 0.043 0.001 0.092 1.585∗∗∗ 0.333
father’s occ class: 4 0.065∗ 0.036 −0.014 0.082 1.440∗∗∗ 0.308
father’s occ class: 5 0.038∗ 0.023 0.020 0.029 0.322∗ 0.172
father’s occ class: 6 0.014 0.035 −0.045 0.063 1.046∗∗∗ 0.313
father’s occ class: 7 0.103∗∗∗ 0.040 0.078 0.049 0.484 0.339
father’s occ class: 9 −0.021 0.029 0.012 0.044 −0.592∗∗∗ 0.196
father’s occ class: 10 0.029 0.027 0.028 0.028 0.043 0.186
mother’s occ class: 1 0.047 0.049 0.039 0.056 0.107 0.426
mother’s occ class: 2 0.015 0.054 −0.064 0.093 1.378∗∗∗ 0.454
mother’s occ class: 3 0.056 0.048 0.054 0.052 0.007 0.395
mother’s occ class: 4 0.055 0.040 0.028 0.050 0.453 0.317
mother’s occ class: 5 0.010 0.049 0.024 0.054 −0.240 0.430
mother’s occ class: 6 0.025 0.040 0.027 0.042 −0.070 0.322
mother’s occ class: 7 0.055 0.041 0.057 0.044 −0.053 0.324
mother’s occ class: 9 −0.004 0.038 0.022 0.047 −0.491∗ 0.293
mother’s occ class: 10 0.004 0.032 −0.003 0.034 0.103 0.264
‘nuclear family’ to 16 0.028 0.019 0.010 0.026 0.330∗∗ 0.137
mid 1990s −0.045∗∗∗ 0.009 −0.048∗∗∗ 0.010 0.063 0.047
late 1990s −0.065∗∗∗ 0.014 −0.068∗∗∗ 0.015 0.075 0.083
post 2000 −0.033 0.021 −0.038∗ 0.022 0.094 0.129
constant −0.754∗∗∗ 0.250 −0.656∗∗ 0.279 −1.459 1.681
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.178 0.227
F-test on exclusion of min. sch. LA=16 from first stage: 7.49; Partial R2 of instrument = 0.0044
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural parents to 16,
father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.



Table C-3: OLS and Both Instruments IV Returns to Education Estimates for
Log Hourly Wage: full set of controls

OLS IV: both IV: first stage
Robust Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.125∗∗∗ 0.019 — — — —
smoker at age 16 — — — — — — — — −0.874∗∗∗ 0.107
min. school LA=16 — — — — — — — — 0.556∗∗∗ 0.202
age 0.099∗∗∗ 0.004 0.094∗∗∗ 0.005 0.054∗∗ 0.022
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000
year-of-birth −0.016∗∗ 0.007 −0.050∗∗∗ 0.011 0.399∗∗∗ 0.041
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.004∗∗∗ 0.000
region: North 0.047 0.038 0.053 0.044 −0.097 0.272
region: Yorkshire 0.003 0.033 −0.021 0.040 0.347 0.253
region: North West 0.054∗ 0.032 0.024 0.039 0.409 0.253
region: East Midlands −0.010 0.032 −0.006 0.037 −0.014 0.235
region: East Anglia 0.015 0.039 −0.008 0.048 0.398 0.325
region: South East 0.142∗∗∗ 0.028 0.084∗∗ 0.036 0.767∗∗∗ 0.207
region: South West 0.023 0.034 0.015 0.040 0.192 0.236
region: Wales −0.012 0.040 −0.019 0.045 0.082 0.286
region: Scotland 0.028 0.036 −0.019 0.043 0.705∗∗∗ 0.263
ethnicity: Black 0.114 0.105 0.115 0.116 −0.114 0.788
ethnicity: Asian −0.136∗ 0.071 −0.305∗∗∗ 0.103 1.975∗∗∗ 0.493
ethnicity: Other −0.048 0.103 −0.226∗ 0.116 2.021∗ 1.080
father’s occ class: 1 0.116∗∗∗ 0.028 0.024 0.040 1.118∗∗∗ 0.213
father’s occ class: 2 0.121∗∗∗ 0.038 −0.069 0.062 2.271∗∗∗ 0.290
father’s occ class: 3 0.089∗∗ 0.043 −0.038 0.056 1.485∗∗∗ 0.319
father’s occ class: 4 0.065∗ 0.036 −0.049 0.050 1.324∗∗∗ 0.303
father’s occ class: 5 0.038∗ 0.023 0.012 0.027 0.322∗ 0.170
father’s occ class: 6 0.014 0.035 −0.071 0.046 0.968∗∗∗ 0.303
father’s occ class: 7 0.103∗∗∗ 0.040 0.067 0.048 0.501 0.330
father’s occ class: 9 −0.021 0.029 0.026 0.034 −0.542∗∗∗ 0.194
father’s occ class: 10 0.029 0.027 0.027 0.030 0.000 0.185
mother’s occ class: 1 0.047 0.049 0.036 0.060 0.079 0.414
mother’s occ class: 2 0.015 0.054 −0.098 0.069 1.379∗∗∗ 0.442
mother’s occ class: 3 0.056 0.048 0.053 0.057 0.018 0.388
mother’s occ class: 4 0.055 0.040 0.016 0.048 0.451 0.310
mother’s occ class: 5 0.010 0.049 0.030 0.057 −0.104 0.414
mother’s occ class: 6 0.025 0.040 0.028 0.045 0.030 0.313
mother’s occ class: 7 0.055 0.041 0.057 0.047 −0.111 0.316
mother’s occ class: 9 −0.004 0.038 0.033 0.044 −0.488∗ 0.285
mother’s occ class: 10 0.004 0.032 −0.005 0.036 0.099 0.256
‘nuclear family’ to 16 0.028 0.019 0.002 0.022 0.251∗ 0.136
mid 1990s −0.045∗∗∗ 0.009 −0.049∗∗∗ 0.010 0.073 0.046
late 1990s −0.065∗∗∗ 0.014 −0.070∗∗∗ 0.016 0.092 0.081
post 2000 −0.033 0.021 −0.039∗ 0.023 0.120 0.126
constant −0.754∗∗∗ 0.250 −0.613∗∗ 0.283 −0.157 1.663
# observations 21256 21256 21256
# individuals 2266 2266 2266
R2 0.265 0.087 0.250
F-test on exclusion of both instruments from first stage: 36.83; Partial R2 of instrument = 0.0332
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

Standard errors are clustered at the level of the individual and robust.
‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural parents to 16,
father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.
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D Robustness Regarding Use of Panel Dataset

Table D-1: Inverse Probability Weighting: OLS and IV Returns to Education Estimates for Log Hourly
Wage

smoker at 16 RoSLA both
OLS IV (first stage) IV (first stage) IV (first stage)

years of schooling 0.046∗∗∗ 0.131∗∗∗ — — 0.106∗∗ — — 0.128∗∗∗ — —
(0.003) (0.021) (0.052) (0.020)

smoker at 16 indicator — — — — −0.852∗∗∗ — — — — — — −0.848∗∗∗
(0.107) (0.107)

min. school LA=16 — — — — — — — — 0.561∗∗∗ — — 0.540∗∗∗
(0.205) (0.201)

R2 0.279 0.079 0.246 0.180 0.228 0.094 0.249
F-test on exclusion of instrument(s) — — — — 62.97 — — 7.53 — — 34.70
Partial R2 of the instrument(s) — — — — 0.0278 — — 0.0040 — — 0.0316

Hansen J -test of overidentification 0.183, p-value = 0.6690
Notes: All regressions: 21256 observations from 2266 individuals. Robust standard errors clustered at individual level in parenthesis.

*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level
Controls included: age, age2, year-of-birth, year-of-birth2, region dummies (10 regions), ethnicity dummies (white, black, asian, other),
survey period dummies (early 1990s, mid 1990s, late 1990s, post 2000), dummy for lived with both natural parents from birth to age 16,
each parents’ occupational class dummies: (1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (8) plant/machine operative, (9) other, (10) self-emp/unemp.
All regressions include a constant.
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Table D-2: Estimates including the no. obs. an individual has as a regressor: OLS and IV Returns to
Education Estimates for Log Hourly Wage

smoker at 16 RoSLA both
OLS IV (first stage) IV (first stage) IV (first stage)

years of schooling 0.047∗∗∗ 0.126∗∗∗ — — 0.100∗∗ — — 0.123∗∗∗ — —
(0.003) (0.020) (0.051) (0.018)

individual’s # obs. 0.009∗∗∗ 0.011∗∗∗ −0.026∗ 0.010∗∗ −0.022 0.011∗∗∗ −0.026∗
(0.002) (0.002) (0.015) (0.002) (0.015) (0.002) (0.015)

smoker at 16 indicator — — — — −0.881∗∗∗ — — — — — — −0.880∗∗∗
(0.108) (0.107)

min. school LA=16 — — — — — — — — 0.566∗∗∗ — — 0.558∗∗∗
(0.206) (0.201)

R2 0.269 0.090 0.247 0.187 0.228 0.105 0.251
F-test on exclusion of instrument(s) — — — — 67.17 — — 7.56 — — 37.38
Partial R2 of the instrument(s) — — — — 0.0293 — — 0.0044 — — 0.0336

Hansen J -test of overidentification 0.189, p-value = 0.6635
Notes: All regressions: 21256 observations from 2266 individuals. Robust standard errors clustered at individual level in parenthesis.

*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level
Controls included: age, age2, year-of-birth, year-of-birth2, region dummies (10 regions), ethnicity dummies (white, black, asian, other),
survey period dummies (early 1990s, mid 1990s, late 1990s, post 2000), dummy for lived with both natural parents from birth to age 16,
each parents’ occupational class dummies: (1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (8) plant/machine operative, (9) other, (10) self-emp/unemp.
All regressions include a constant.
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Table D-3: Estimates by wave: OLS and IV Returns to Education Estimates for Log Hourly Wage
Wave OLS: log wage IV: log wage First stage: years of schooling # obs.

1 0.048∗∗∗ 0.140∗∗∗ −0.851∗∗∗ 1399
(0.004) (0.030) (0.132)

2 0.046∗∗∗ 0.123∗∗∗ −1.050∗∗∗ 1377
(0.004) (0.023) (0.130)

3 0.048∗∗∗ 0.129∗∗∗ −0.956∗∗∗ 1405
(0.004) (0.025) (0.125)

4 0.047∗∗∗ 0.127∗∗∗ −0.863∗∗∗ 1447
(0.004) (0.028) (0.126)

5 0.048∗∗∗ 0.113∗∗∗ −0.935∗∗∗ 1488
(0.004) (0.025) (0.126)

6 0.049∗∗∗ 0.155∗∗∗ −0.854∗∗∗ 1580
(0.004) (0.029) (0.120)

7 0.044∗∗∗ 0.130∗∗∗ −0.905∗∗∗ 1612
(0.004) (0.026) (0.117)

8 0.047∗∗∗ 0.112∗∗∗ −0.885∗∗∗ 1595
(0.004) (0.026) (0.121)

9 0.041∗∗∗ 0.115∗∗∗ −0.854∗∗∗ 1624
(0.004) (0.026) (0.115)

10 0.046∗∗∗ 0.135∗∗∗ −0.889∗∗∗ 1523
(0.004) (0.026) (0.118)

11 0.048∗∗∗ 0.125∗∗∗ −0.790∗∗∗ 1429
(0.005) (0.031) (0.124)

12 0.046∗∗∗ 0.132∗∗∗ −0.756∗∗∗ 1328
(0.005) (0.033) (0.130)

13 0.049∗∗∗ 0.146∗∗∗ −0.757∗∗∗ 1209
(0.005) (0.036) (0.134)

14 0.047∗∗∗ 0.140∗∗∗ −0.788∗∗∗ 1143
(0.005) (0.033) (0.136)

15 0.052∗∗∗ 0.130∗∗∗ −0.924∗∗∗ 1097
(0.005) (0.029) (0.133)

Notes: Robust standard errors clustered at individual level in parenthesis.
*** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level
Controls included: age, age2, year-of-birth, year-of-birth2, region dummies (10 regions), ethnicity dummies
(white, black, asian, other), survey period dummies, dummy for lived with both natural parents from birth to age 16,
each parents’ occupational class dummies: (1) management, (2) professional, (3) associate professional/technical,
(4) clerical/secretarial,(5) craft and related, (6) personal/protective services, (7) sales, (8) plant/machine operative,
(9) other, (10) self-emp/unemp. All regressions include a constant.
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Table D-4: Estimates using only one ob. per person in the first stage: OLS
and IV using Early Smoking

OLS IV: smoker at 16 IV: first stage
Robust Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.133∗∗∗ 0.021 — — — —
smoker at 16 indicator — — — — — — — — −0.876∗∗∗ 0.097
age 0.099∗∗∗ 0.004 0.101∗∗∗ 0.006 −0.004 0.083
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 0.000 0.001
year-of-birth −0.016∗∗∗ 0.007 −0.058∗∗∗ 0.012 0.411∗∗∗ 0.109
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.003∗∗∗ 0.001
region: North 0.047 0.038 0.061 0.044 −0.187 0.238
region: Yorkshire 0.003 0.033 0.006 0.039 0.136 0.223
region: North West 0.054 0.032 0.048 0.037 0.207 0.226
region: East Midlands −0.010 0.032 −0.001 0.037 −0.104 0.224
region: East Anglia 0.015 0.039 0.010 0.049 0.180 0.302
region: South East 0.142∗∗∗ 0.028 0.102∗∗∗ 0.035 0.610∗∗∗ 0.186
region: South West 0.023 0.034 0.030 0.037 0.037 0.217
region: Wales −0.012 0.040 −0.009 0.044 −0.042 0.270
region: Scotland 0.028 0.036 0.014 0.040 0.362 0.229
ethnicity: Black 0.114 0.105 0.096 0.166 −0.034 0.881
ethnicity: Asian −0.136 0.071 −0.251∗∗∗ 0.092 1.385∗∗∗ 0.458
ethnicity: Other −0.048 0.103 −0.180 0.140 1.615∗ 0.841
father’s occ class: 1 0.116∗∗∗ 0.028 0.010 0.039 1.163∗∗∗ 0.146
father’s occ class: 2 0.121∗∗∗ 0.038 −0.094 0.069 2.314∗∗∗ 0.209
father’s occ class: 3 0.089∗∗ 0.043 −0.033 0.056 1.369∗∗∗ 0.236
father’s occ class: 4 0.065∗ 0.036 −0.077 0.056 1.439∗∗∗ 0.219
father’s occ class: 5 0.038∗ 0.023 0.007 0.027 0.359∗∗∗ 0.116
father’s occ class: 6 0.014 0.035 −0.073 0.046 0.933∗∗∗ 0.189
father’s occ class: 7 0.103∗∗∗ 0.04 0.057 0.048 0.490∗∗ 0.219
father’s occ class: 9 −0.021 0.029 0.025 0.037 −0.494∗∗∗ 0.132
father’s occ class: 10 0.029 0.027 0.007 0.030 0.152 0.126
mother’s occ class: 1 0.047 0.049 0.025 0.064 0.159 0.296
mother’s occ class: 2 0.015 0.054 −0.108 0.071 1.379∗∗∗ 0.313
mother’s occ class: 3 0.056 0.048 0.032 0.063 0.179 0.312
mother’s occ class: 4 0.055 0.04 0.008 0.049 0.491∗∗∗ 0.225
mother’s occ class: 5 0.01 0.049 0.019 0.062 −0.044 0.263
mother’s occ class: 6 0.025 0.04 0.030 0.049 0.031 0.228
mother’s occ class: 7 0.055 0.041 0.054 0.049 −0.082 0.227
mother’s occ class: 9 −0.004 0.038 0.030 0.049 −0.439∗∗∗ 0.201
mother’s occ class: 10 0.004 0.032 −0.010 0.039 0.138 0.176
‘nuclear family’ to 16 0.028 0.019 −0.006 0.023 0.290 0.097
mid 1990s −0.045∗∗∗ 0.009 −0.039 0.015 −0.130 0.211
late 1990s −0.065∗∗∗ 0.014 −0.056 0.023 −0.144 0.347
post 2000 −0.033 0.021 −0.023 0.034 −0.055 0.533
constant −0.754∗∗∗ 0.250 −0.541 0.351 −0.137 6.170
# observations 21256 13498 1432
# individuals 2266 1398 1432
R2 0.265 0.220 0.250
F-test on exclusion of instrument from first stage: 51.50; Partial R2 of the instrument = 0.0302
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural parents to 16,
father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.
IV second stage standard errors obtained by bootstrapping.
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Table D-5: Estimates using only one ob. per person in the first stage: OLS
and IV using RoSLA

OLS IV: RoSLA IV: first stage
Robust Robust Robust

Dep. Var: log hourly wage Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err.

years of schooling 0.046∗∗∗ 0.003 0.143∗∗ 0.058 — — — —
min. school LA=16 — — — — — — — — 0.487∗∗∗ 0.153
age 0.099∗∗∗ 0.004 0.101∗∗∗ 0.006 0.020 0.070
age2 −0.001∗∗∗ 0.000 −0.001∗∗∗ 0.000 0.000 0.001
year-of-birth −0.016∗∗∗ 0.007 −0.062∗∗ 0.028 0.408∗∗∗ 0.091
year-of-birth2 0.000∗∗∗ 0.000 0.001∗∗∗ 0.000 −0.004∗∗∗ 0.001
region: North 0.047 0.038 0.058 0.048 −0.132 0.192
region: Yorkshire 0.003 0.033 0.000 0.045 0.142 0.178
region: North West 0.054 0.032 0.047 0.041 0.176 0.175
region: East Midlands −0.010 0.032 0.004 0.039 −0.139 0.174
region: East Anglia 0.015 0.039 0.007 0.054 0.121 0.243
region: South East 0.142∗∗∗ 0.028 0.093∗ 0.049 0.609∗∗∗ 0.141
region: South West 0.023 0.034 0.026 0.039 −0.005 0.171
region: Wales −0.012 0.040 −0.006 0.047 −0.023 0.211
region: Scotland 0.028 0.036 0.007 0.048 0.388∗∗ 0.185
ethnicity: Black 0.114 0.105 0.102 0.181 0.123 0.788
ethnicity: Asian −0.136 0.071 −0.270∗∗ 0.134 1.571∗∗∗ 0.377
ethnicity: Other −0.048 0.103 −0.202 0.173 1.756∗∗ 0.695
father’s occ class: 1 0.116∗∗∗ 0.028 −0.004 0.078 1.217∗∗∗ 0.149
father’s occ class: 2 0.121∗∗∗ 0.038 −0.120 0.155 2.443∗∗∗ 0.213
father’s occ class: 3 0.089∗∗ 0.043 −0.052 0.101 1.474∗∗∗ 0.244
father’s occ class: 4 0.065∗ 0.036 −0.093 0.102 1.566∗∗∗ 0.222
father’s occ class: 5 0.038∗ 0.023 0.001 0.035 0.359∗∗∗ 0.118
father’s occ class: 6 0.014 0.035 −0.084 0.074 0.994∗∗∗ 0.196
father’s occ class: 7 0.103∗∗∗ 0.040 0.050 0.057 0.535∗∗ 0.223
father’s occ class: 9 −0.021 0.029 0.029 0.048 −0.522∗∗∗ 0.133
father’s occ class: 10 0.029 0.027 0.003 0.034 0.210 0.128
mother’s occ class: 1 0.047 0.049 0.025 0.073 0.132 0.303
mother’s occ class: 2 0.015 0.054 −0.130 0.108 1.373∗∗∗ 0.321
mother’s occ class: 3 0.056 0.048 0.030 0.068 0.150 0.317
mother’s occ class: 4 0.055 0.040 −0.001 0.058 0.485∗∗ 0.234
mother’s occ class: 5 0.010 0.049 0.014 0.069 −0.112 0.274
mother’s occ class: 6 0.025 0.040 0.027 0.052 −0.056 0.234
mother’s occ class: 7 0.055 0.041 0.059 0.054 −0.080 0.233
mother’s occ class: 9 −0.004 0.038 0.037 0.061 −0.471∗∗ 0.208
mother’s occ class: 10 0.004 0.032 −0.013 0.042 0.135 0.184
‘nuclear family’ to 16 0.028 0.019 −0.011 0.033 0.376∗∗∗ 0.097
mid 1990s −0.045∗∗∗ 0.009 −0.039∗∗ 0.015 −0.161 0.209
late 1990s −0.065∗∗∗ 0.014 −0.056∗∗ 0.023 −0.137 0.349
post 2000 −0.033 0.021 −0.024 0.034 −0.030 0.539
constant −0.754∗∗∗ 0.250 −0.533 0.377 −0.564 5.011
# observations 21256 13498 1398
# individuals 2266 1398 1398
R2 0.265 0.160 0.229
F-test on exclusion of instrument from first stage: 4.06; Partial R2 of the instrument = 0.0029
Notes: *** significant at the 1% level, ** significant at the 5% level, * significant at the 10% level

‘nuclear family’ to 16 means lived with both natural parents from birth to age 16.
Reference categories: West Midlands, white, did not live with both natural parents to 16,
father/mother occupational class ‘plant/machine operative’. Occupational Class dummies:
(1) management, (2) professional, (3) associate professional/technical, (4) clerical/secretarial,
(5) craft and related, (6) personal/protective services, (7) sales, (9) other, (10) self-emp/unemp.
IV second stage standard errors obtained by bootstrapping.
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