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Abstract

This paper examines the socio-economic consequences of teenage moth-
erhood for a cohort of British women born in 1970. We apply a number
of different methodologies to the same dataset, including OLS, a propen-
sity score matching estimator, and an instrumental variables estimator,
using miscarriages as an instrument. We bound the biases introduced
through IV due to non-randomness, and misreporting of the instrument.
Our results are sensitive to the methodologies used. Taking only observed
characteristics into account, the effects of teenage motherhood appear
large and negative. The pathways are through bigger family size, and
negative labour market outcomes for the mother and her partner, and are
mitigated by transfers from the state through the British benefit system.
Our IV estimates show that almost all these effects are reduced to zero
once unobserved heterogeneity is taken into account. However our IV
bounds show that biases introduced by non-randomness and misreporting
of our instrument could be responsible for all of this apparent reduction
in effects.
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1 Introduction

The worsening record on teenage pregnancies of both Britain and the USA rela-
tive to other countries motivates a continued interest in estimating the long-term
socioeconomic consequences of teenage motherhood. UK teenage birth rates
are the highest in Western Europe and yet are still significantly less than in the
USA.1 Britain is the only country in Western Europe which has not experienced
a significant decline in teenage fertility rates in the last thirty years.2 This pa-
per is concerned with estimating the effects of early motherhood for a cohort
of British women born in 1970, calculating how much of the well documented
association of early motherhood and negative later-life economic outcomes can
be given a causal interpretation. In addition we explore the extent to which the
state insures teenagers against any economic loss associated with early mother-
hood through income transfers later in life.

The question of whether early motherhood is an indicator of prior disadvan-
tage, a pathway to future disadvantage, or both, is one that has been extensively
debated in recent literature. This question has important policy implications
for the nature, timing and targeting of interventions to assist young mothers.
It has also challenged researchers to find appropriate econometric techniques to
distinguish between these conflicting stories. Existing data and methodologies
have led to disparate evidence. Conventional estimates have indicated large
negative socioeconomic effects of early motherhood and support interventions
aimed at reducing the incidence of teenage conceptions. More recent evidence,
that allows for the impact of prior disadvantage, has indicated smaller (and in
some cases even zero or positive) effects, suggesting that the pathway to disad-
vantage started much earlier in the young woman’s life and cannot be entirely
attributed to early motherhood. If this is the case, policies which are aimed
simply at preventing teenage conceptions or births will be less effective in ame-
liorating the negative outcomes of concern than the raw data would otherwise
suggest.

Choosing between these two stories is an empirical question and our pa-
per develops and applies the methodologies to distinguish between them. We
start by comparing linear regression estimates with semi-parametric propensity
score matching estimates because of fears that the regression estimates may be
sensitive to functional form and a potential lack of common support. A re-
cent example of matching estimates used in this context is provided by Levine
and Painter (2003) who suggest that when matching can be performed within
schools, the estimated effects of teen motherhood on educational outcomes are
approximately half those obtained with conventional regression models. Our
focus is on economic, rather than educational outcomes and, in this respect, our
work can be thought of as complimentary to the earlier research.

We then move on to addressing the problem of unobserved heterogeneity.
To this end, a number of techniques have been attempted in the recent liter-

1For example, UNICEF (2001) reports the number of teenage births per 1000 population
as 52.1 for the USA, 30.8 for the UK, 13.2 for Germany, 9.2 for France and 7.9 for Spain

2See Social Exclusion Unit (1999)
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ature. These have included family fixed effects (siblings and cousins)3, twins
studies4 and instrumental variables5. In this paper, we follow Hotz, McElroy
and Sanders (1997) and exploit data on miscarriages to form an instrumental
variable that, under certain assumptions, can yield consistent estimates of the
effects of early motherhood on those that experienced early motherhood - that
is, the effect of the treatment on the treated. The approach is akin to a natural
experiment, where the experience of miscarriage exogenously delays age at first
birth, allowing the construction of a counterfactual for the outcomes of teenage
mothers, had they not given birth as a teenager6. Attempts to use this method,
such as the paper cited above, have been controversial because they have re-
sulted in much smaller effects than traditional estimates. For example, Hotz,
McElroy and Sanders find that early motherhood tends to raise levels of labour
supply, accumulated work experience and labour market earnings by the time
a teen mother reaches her late twenties. The use of this method is also contro-
versial because estimates based on this methodology are potentially biased for
a number of reasons7, most notably non-random occurence and misreporting of
miscarriages. We are interested in whether this bias can account for all of the
difference between the IV estimates and conventional estimates. Hotz, Mullins
and Sanders (1997) calculate a bound on the maximum amount of bias intro-
duced thorugh non-random occurence of miscarriages. We show how, under
plausible assumptions, it is possible to further bound the IV estimates for the
effects of misreporting of miscarriages by exploiting aggregate administrative
data from the Office for National Statistics (ONS) on births, miscarriages and
abortions.

Our results suggest a number of points of interest. First, that the biases
inherent in the miscarriage estimates may account for their small size relative
to OLS and matching estimates. Second, when we examine the constituent
parts of equivalised family income we find that whereas there are large effects
on equivalised family income at age 30, almost all of this effect is through
household size and composition, with little or no effect on household income.
Third, teenage motherhood results in signifcantly higher benefit income from the
state, fully compensating for the negative effect of teenage motherhood on own
wages and partner’s wages. Fourth, all of the negtiave socio-economic effects
of teenage motherhood at age 30 are uniformly larger for teenagers who gave
birth between the ages 18 and 20 than those whose first birth was before age
18, suggesting that some of these effects may be temporary.

The contribution of this paper is twofold. Our first contribution is method-
ological: by presenting a number of estimates of the impact of early motherhood

3See for example Ribar (1999), Hoffman, Foster and Furstenberg Jr (1993a) and Geronimus
and Korenman (1992).

4See for example Bronars and Groggar (1994).
5See for example Klepinger, Lundberg and Plotnick (1998) and Chevalier and Viitanen

(2002).
6Recent work by Ermisch (2004) also applies this method to UK data, however that paper

restricts itself to examining the consequences of teenage motherhood for outcomes in the
marriage market

7These are discussed in Sections 3 and 4.
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using different techniques on same data set, we are able to compare parameter
estimates under a wide range of assumptions. Here we add to the literature
both by extending the work of Hotz, Mullins and Sanders (1997) to take into
account a broader range of potential biases arising from the mis-reporting of
miscarriages, and also by applying a propensity score matching estimator, com-
plementing the work in Levine and Painter (2003). Our second contribution is
empirical. By decomposing the effect on family equivalised income of the mother
at age 30 into its constituent parts, we are able to assess the likely pathways
contributing to the effects we find. We highlight two particular contributors
which have not been much focussed on in the literature to date: the first is
the impact of teenage motherhood on family size and composition, and its im-
portance in determining the socioeconomic consequences for mothers at age 30;
second we highlight the importance of the British benefit system in insuring
teenage mothers against any long term negative economic effects.

The paper proceeds as follows. In section 2 we examine the various ap-
proaches that have been used to estimate the effects of early motherhood in the
existing literature. Section 3 provides a discussion of the use of miscarriages as
an instrumental variable and propensity score matching. In section 4 we out-
line the formal econometric framework and derive bounds for our IV estimates.
In section 5 we discuss the data and in section 6 we present the results of the
econometric analyses. Finally, section 7 concludes.

2 Approaches and Findings in the Existing Lit-
erature

In the last decade a number of new studies have used a variety of innova-
tive methods to control for unobserved characteristics influencing selection into
teenage motherhood. Whereas earlier studies were based on linear models, con-
trolling for observed characteristics only8, the newer literature has treated this
as an evaluation problem, with an explicit emphasis on the estimation of a
treatment parameter for early motherhood. The various approaches have dif-
fered primarily in the comparison group that has been used to construct the
counterfactual outcome for teen mothers.

These new approaches have generated a debate in the literature as to whether
once these unobserved characteristics are controlled for, any negative effects of
early childbearing remain. However, drawing any robust conclusions from this
debate has been difficult because of the sensitivity of the results to the empirical
methodology chosen and the data set being used.9

One group of studies exploit family fixed-effects to compare the outcomes for
teenage mothers with those of their sisters. Geronimus and Korenman (1992)
used samples drawn from the National Longitudinal Survey of Young Women

8See for example Hofferth and Moore (1979) for the USA, and Hobcraft and Kiernan (2001)
for the UK.

9Hoffman (1998) provides a good synthesis of this debate.
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(NLSYW), National Longitudinal Survey of Youth (NLSY) and Panel Study of
Income Dynamics (PSID) and found that fixed-effects estimates were smaller
than conventional estimates. In the case of the NLSYW results, the effects were
not statistically different from zero, implying that once family-level unobserved
characteristics are controlled for, there remains little or no effect on subsequent
socioeconomic outcomes. However, Hoffman, Foster and Furstenberg Jr (1993b)
noted that the NLSYW results are somewhat of an outlier, with the PSID
and NLSY results indicating that, while substantially smaller than conventional
estimates, the effects of early childbearing are still negative and significant, even
in the fixed-effects models. This conclusion was supported by further analysis
of the PSID data in Hoffman, Foster and Furstenberg Jr (1993a). One possible
explanation for the surprising results in the NLSWY data is the older age at
which outcomes are measured (28-31 compared with 21-33 in the PSID and
NLSY data), suggesting that there could be a significant temporary effect of
early motherhood, but that this effect disappears over time.

However, even if one were to believe the PSID and NLSY results, it is un-
likely that family fixed-effects are able to appropriately control for unobserved
characteristics influencing selection into teenage motherhood. Maintaining that
these characteristics differ only at the family and not the individual level, so
that sisters are identical in all unobserved aspects that would influence both the
decision to give birth at a young age and later socioeconomic outcomes (such
as career motivation) is perhaps an unrealistically strong assumption.

More recently, Ribar (1999) developed a simultaneous equation model for
sisters’ outcomes to calculate the effects of teenage motherhood under different
assumptions about the correlation of siblings unobserved characteristics. Main-
taining the assumption that is equivalent to a family fixed-effects model results
in estimates for family income-to-needs ratio10 and years of education from
the NLSY that are significantly negative, and comparable to those in Geron-
imus and Korenman (1992). However, estimates of effects for family income
are not statistically different from zero. Under a different set of assumptions,
which are equivalent to allowing each sister’s fertility to instrument for the
other’s childbearing behaviour, he finds implausibly large, negative effects of
early childbearing.11

A different form of fixed-effects analysis is explored in Brien, Loya and Pep-
per (2002) who control for individual unobserved heterogeneity by looking at
changes in mothers’ cognitive development over time. Because the authors ob-
serve two test scores before a teenager gives birth and one test score after, they
are able to control for unobserved factors that influence the level and growth of
test scores. Their differences-in-differences analysis indicates that while teenage
mothers have lower test scores than teenagers who did not give birth, the direct
effects of giving birth on test scores are negligible.

A particularly innovative idea implemented by Bronars and Groggar (1994)

10The income-to-needs ratio is income divided by the poverty level for the woman’s reported
family size.

11One possible explanation for the unusual IV results is that sisters’ fertilities are not
strongly correlated, so effectively this is a weak instrument problem.
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was to exploit the random nature of giving birth to twins, conditional on becom-
ing pregnant, to create a natural experiment. The idea rests on the assumption
that the effect of giving birth to twins as a teenager on later socioeconomic
outcomes is twice that of giving birth to a singleton as a teenager. If this is the
case then one can compare outcomes for teenagers who gave birth to twins with
outcomes for teenagers who bore singletons to get consistent estimates of the ef-
fects of teenage motherhood. The assumed randomness of giving birth to twins
accounts for unobserved heterogeneity. They find that there are substantial ef-
fects on the short-run labour force participation for all teenage mothers, but
lasting effects on the probability of eventual marriage and family earnings only
for blacks. However it is unlikely that the necessary assumption for identifica-
tion holds. Rather, it is probably the case that if effects of teenage motherhood
exist, most of the effect is captured by the presence of any children (compared
to none), so that the effect on teenagers bearing twins is likely to be less than
twice that for teenagers bearing singletons.

Other researchers have searched for appropriate instrumental variables that
can explain teenage fertility but are not related to unobserved characteristics
that influence later socioeconomic outcomes. The most commonly used instru-
ments have been age at menarche, and regional indicators of sexual awareness
and access to contraception. For example, Chevalier and Viitanen (2003) use age
of menarche as an instrument, whilst Klepinger, Lundberg and Plotnick (1998)
used menarche and state/county level information. However, studies which use
age of menarche as an instrument for uncovering the effects of teenage moth-
erhood need to be interpreted with caution. Although age at menarche may
exogenously alter the timing of pregnancy, it seems unlikely that it would affect
whether or not a young woman gives birth, conditional on becoming pregnant.
As such, these studies estimate a different treatment parameter to the one that
is of interest in this paper. In section 4, we clearly outline our parameter and
population of interest.

Finally, a controversial, but potentially helpful methodology has been to ex-
ploit the random nature of miscarriages as a mechanism for exogenously delaying
age at first birth. This methodology, and the consequences of violations of the
assumptions underlying this technique, are discussed in detail in the following
section.

Britain and the USA have acute problems with teenage pregnancy12, and
while the studies cited above examine the USA, there is little British evidence on
which to base policy prescriptions. The existence of full, retrospective pregnancy
histories in the 30 year old sweep of the British Cohort Study (BCS) makes it
possible to apply some of the aforementioned techniques to examine the pattern
of results for a newer cohort than has previously been analysed in Britain. To
our knowledge, Chevalier and Viitanen (2003) is the first UK example and uses
age at menarche as an instrument to control for unobserved heterogeneity in
an earlier cohort of children born in 1958 - the NCDS. A further analysis is
very recent work by Ermisch (2004) which uses the same BCS dataset and the

12See Social Exclusion Unit (1999)
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same instrument as we use here to look at the effects of teenage motherhood on
the quality of the cohort members’ partners. We compliment and extend that
work by using a propensity score matching method, by accounting for possible
misreporting of miscarriages and by considering a broader range of outcomes,
including the disaggregation of equivalised family income into its constituent
parts. Finally, Robinson (2002) constructs synthetic cohorts from cross-section
surveys pooled over time to estimate the lifecycle evolution of the wage penalty
associated with teen motherhood. Her results show that the wage gap between
teen mothers and others is largest in the late 20’s and early 30’s and closes
only slowly thereafter.13 She further shows that the wage penalty appears to
be larger for recent cohorts. Our data correspond to the age where the wage
difference is estimated to be at its maximum.

3 Miscarriages as an Instrumental Variable and
Propensity Score Matching

3.1 Miscarriages as an Instrumental Variable

The idea of exploiting miscarriages as a natural experiment to estimate the ef-
fects of teenage childbearing was first attempted by Hotz, McElroy and Sanders
(1997). The idea is that, if miscarriages occur randomly and are reported cor-
rectly, then they represent situations where age at first birth has been exoge-
nously delayed. By comparing outcomes for young women whose first pregnancy
ended in a miscarriage with those who gave birth, it is possible to control for all
unobserved factors that simultaneously influence the decision to become preg-
nant as a teenager, the decision to not terminate the pregnancy and the outcome
being considered.

However, this methodology has been criticized on various grounds. Im-
portantly, most of the problems with using miscarriages tend, under plausible
assumptions, to induce an upwards bias in the estimates, towards zero.14 This
means that it is unclear whether the small effects estimated in Hotz, Mullins and
Sanders (1997) and Hotz, McElroy and Sanders (1997) are indicating downward
bias in conventional estimates or are being driven by the upward biases inherent
in the miscarriage method. It is hence useful to specify the conditions required
for miscarriages to provide consistent estimates of the true effects, so that we
can get a firm grasp on whether violation of these conditions can explain the
discrepancy in results.

13While her paper does not address causality, it does examine the results for sensitivity to
the inclusion of parental class and country of origin and finds the results to be insensitive
to the inclusion of these pre-existing conditions. However this does not, of course, preclude
sensitivity to other possible controls or for selection on unobserved variables.

14The socio-economic outcomes being considered are all defined such that a more negative
co-efficient represents a stronger negative effect of early motherhood. Hence, when we use the
term ‘upward bias’, we refer to an under-estimate of the effect, whilst a ‘downward bias’ refers
to an over-estimate of the negative effect.
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Condition 1 The occurrence of a miscarriage for a pregnant teenager is ran-
dom with respect to any existing unobserved characteristics that are cor-
related with the outcome of interest.

Condition 2 All pregnancies and their outcomes are reported correctly.

Condition 3 The occurrence of a miscarriage has no independent effect on the
outcome of interest

Numerous researchers have observed that Condition 1 may not be satisfied.
For example, there is some evidence that drinking and smoking while pregnant
may increase the probability of a young woman experiencing a miscarriage.
If the decision to smoke and/or drink while pregnant is correlated with other
unobserved factors that impact on future socioeconomic outcomes, then this
will lead to biased and inconsistent estimates. Another potential source of non-
randomness is domestic abuse that results in a miscarriage.

However, the epidemiological literature seems to indicate that the vast ma-
jority of miscarriages are random, particularly with respect to future socioe-
conomic outcomes. Regan (2001) notes that approximately 50% of reported
miscarriages are due to a variety of foetal chromosomal abnormalities and the
remainder are largely due to neural tube defects, viral and bacterial infections
in the mother and other foetal genetic defects. All of these causes can be con-
sidered as random with respect to future socioeconomic outcomes, conditional
on observed characteristics. Moreover, Regan (2001) also notes that the remain-
ing non-random causes of miscarriages are primarily pre-existing complicating
factors, such as type-1 diabetes, the occurrence of which one would not expect
to be correlated with economic and educational outcomes, after controlling for
other background factors.

Hotz, Mullins and Sanders (1997) are able to calculate bounds for the true
causal effect of early motherhood, accounting for the extent of violations of
Condition 1. For most of their samples and outcomes, they are unable to reject
conventional point estimates of the effects, based on the bounds. Two different
figures were used for the proportion of miscarriages that occur randomly - an
extremely conservative estimate of 38%, and a more realistic estimate of 84%,
although the conclusions are not overly sensitive to the estimate used. In this
paper, we use a variant on this method to account for violation of Condition 1,
and as we will show, to similar effect.

It is important to note that for violation of Condition 1 to induce upward
bias in the estimates it is necessary that the correlation between unobserved
characteristics and a miscarriage being non-random is negative. In other words,
those teenagers experiencing a non-random miscarriage must realise worse out-
comes than the teenagers whose miscarriages are random.

Condition 2 may be violated in a number of ways. We go beyond the method-
ology of Hotz, Mullins, and Sanders (1997), by considering the two most likely
possibilities. The first type of misreporting we consider is non-reporting of
pregnancies, that may have occurred up to 15 years ago. This is a problem in
all studies that use retrospective pregnancy history information such as we use
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here. In particular if the sample of teenagers who report their pregnancies is not
representative of the total population of teenagers who experienced a pregnancy,
then this may affect estimates of the effect of early motherhood. In particular, if
females who became pregnant as a teenager and experienced a miscarriage but
did not report the pregnancy went on to achieve better outcomes on average
than teenagers who did report the miscarriage, then this will induce upwards
bias in the IV estimates. Second, young women may be especially reluctant to
report an abortion that they may have had. There is thus the possibility that
whilst the teenage pregnancy is correctly reported, the outcome of the preg-
nancy is misclassified as a miscarriage. This type of misreporting will lead to an
understatement of the effects of early motherhood if those women who report
abortions as miscarriages are more disadvantaged than the general population of
teenage mothers. A key contribution of this paper is to demonstrate how, under
relatively weak assumptions, we can use aggregate administrative ONS data on
births, miscarriages and abortions to bound the biases introduced into the IV
estimates from both these types of misreporting. The reliability of our bounds
depend on the assumption that the ONS data represents the true population
proportion of births, miscarriages and abortions among pregnant teenagers. To
the extent that the ONS data is biased, so will our bounds. The derivation of
these bounds is set out in section 4.

Finally, violation of condition 3 may also affect our results. This condition
is equivalent to the absence of a placebo effect in a controlled laboratory experi-
ment. It states that the only way in which a miscarriage can affect the outcome
under consideration is by preventing a birth (and the effects associated with a
birth) from having occurred. However, the experience of a miscarriage for a
pregnant teenager may be accompanied by feelings from elation to depression.
It is conceivable that the loss of a wanted child could have important lasting
effects on the young woman, while it is also possible that the loss of a preg-
nancy that was likely to be terminated by abortion has a positive impact on the
teenager. We do not calculate bounds for these possible effects. The question we
must ask is whether we think that these effects are important and long-lasting
enough to explain differences in socioeconomic outcomes ten to fifteen years
on. For example, if post-miscarriage depression and other physical effects have
an immediate impact on schooling, then this could have longer-term effects on
other economic indicators.

3.2 A propensity score matching estimator

As well as using miscarriages as an instrumental variable to find the impact of
teenage motherhood, we also present results from a propensity score matching
estimator. This technique is quite different from the instrumental variables es-
timator, since it does not allow us to control for any unobserved factors that
influence the decision to not terminate a pregnancy and the outcome being con-
sidered. However, by matching teen mothers to other pregnant teenagers who
did not give birth, the technique does control for unobserved factors influenc-
ing selection into pregnancy. We measure the impact of early motherhood on
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the assumption that, conditional on the observed covariates and conditional on
falling pregnant, there are no unobserved factors determining selection into early
motherhood that also determine later life outcomes. In this respect it is similar
to estimates derived using linear regression (also presented here), however it
does not require the researcher to specify any particular functional form for the
relation between early motherhood and later life outcomes, making the specifi-
cation completely flexible. The specific background characteristics on which we
match are outlined in section 5.

4 Empirical Framework

Following the notation of Hotz, Mullins and Sanders (1997), let Y1 be the so-
cioeconomic later-life outcome that would result if a young woman gave birth as
a teen and let Y0 be the outcome that would result if she did not. Further, let x
be a vector of observed background characteristics that are correlated with both
the outcome of interest and the decision to give birth as a teen, and let D be an
indicator variable equal to 1 if the young woman gave birth as a teen. Initially,
we restrict our attention to an unusual sub-population of females that became
pregnant as a teenager - those that reported their pregnancies plus those whose
pregnancies ended in miscarriage and did not report the pregnancy. 15 This is
neither the full population of pregnant teenagers, nor the observed population
of teenagers who report pregnancies. It is however a useful population for esti-
mating and bounding our parameter of interest. Further below, we relate our
estimators to those estimated from the sub-population of reported pregnancies
only.

Our choice of population means that D is equal to 0 for females that reported
a pregnancy as a teenager but did not give birth and those who had a miscarriage
as a teenager but did not report the pregnancy. Conditioning on this sub-
population is left implicit in what follows. The outcome for an individual female,
as a function of the observed characteristics, x, can then be written as:

Y (x) = Y0(x) + β(x)D

where the effect of early motherhood on the outcome of interest is

β(x) = Y1(x)− Y0(x).

We are interested in identifying the average effect of giving birth as a teen
for those females who did give birth as a teen. Because we are implicitly con-
ditioning on falling pregnant as a teenager, we are separating out the effects on
future outcomes of teenage pregnancy and teenage motherhood. The parameter

15Our focus on this sub-population is motivated by our interest in bounding the bias in-
troduced by non-reporting of pregnancies that ended in miscarriages. We do not attempt to
bound the effects of non-reporting of pregnancies that ended in births or abortions. We are
hence implicitly assuming that any non-reporting births and abortions is random with respect
to the outcomes being considered.
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that we are identifying is the effect of the birth itself, over and above any effect
of an early conception. This is known as the Average Treatment on the Treated
(ATT) in the evaluation literature and can be expressed as

E(β|D = 1, x) = E(Y1|D = 1, x)− E(Y0|D = 1, x). (1)

The first term in (1) is readily identified from data on age at first birth, but
the second term, commonly referred to as the counterfactual, is not. Herein lies
the identification problem inherent in studies that estimate the effects of early
motherhood using simple OLS regressions. These studies effectively replace the
second term in (1) with E(Y0|D = 0, x). To the extent that E(Y0|D = 0, x)
differs from E(Y0|D = 1, x), these estimates will be biased and inconsistent.
Without some additional data and/or assumptions the ATT is not identified.

If data on miscarriages is available, then under certain assumptions the ATT
is identified. Let Z∗ be an indicator for the occurrence of a random miscarriage,
equal to 1 if the young woman became pregnant as a teen with the pregnancy
ending in a randomly occurring miscarriage, and 0 if the pregnancy did not end
in a randomly occurring miscarriage (either because no miscarriage occurred
or because a non-random miscarriage occurred). By random miscarriage, we
mean miscarriages that satisfy Condition 1 in section 3. Miscarriages that do
not satisfy this condition are referred to as non-random miscarriages. As with
D, we define Z∗ over the sub-sample of women became pregnant as a teenager
and reported the pregnancy as well as teenagers who experienced pregnancies
that ended in miscarriage and did not report the pregnancy. Due to the nature
of pregnancy resolution, it is clear that a pregnancy can not end in both a birth
and a miscarriage and so Pr(D = 1 ∩ Z∗ = 1) = 0.

Regan (2001) provides evidence that as many as 99% of miscarriages occur
within the first 13 weeks of pregnancy. However, aggregate statistics of abortion
by gestation age suggest that one third of abortions occur at less than nine
weeks gestation and a further 54% from nine to twelve weeks16. We make
the (reasonable) assumption that abortions are not delayed in anticipation of
a possible miscarriage.17 Let the latent preference for births and abortions be
denoted by DL for teenagers experiencing miscarriages, equal to 1 for females
with a latent preference for births and 0 for those who would have chosen an
abortion. This sequence of events can be described in Figure 1.

[Figure 1 near here]

In order for the ATT to be identified, we make the following further assump-
tions:

Assumption 1. Pr(DL = 0|Z∗ = 1, x) = Pr(D = 0|Z∗ = 0, x),and Pr(DL =
1|Z∗ = 1, x) = Pr(D = 1|Z∗ = 0, x)

16See http://www.statistics.gov.uk/STATBASE/Expodata/Spreadsheets/D8492.xls
17Our data pre-dates the introduction of the morning-after pill in the UK, so that any

complications that may be introduced are avoided.
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The proportion of females with a latent preference for births over abor-
tions among those females experiencing a miscarriage is the same as the
proportion of females with a preference for births among those females not
experiencing miscarriages, conditional on observed characteristics.

Assumption 2. (Z∗⊥Y0)|x
The occurrence of a random miscarriage is independent of the outcome
that would have been realized in the absence of a birth, conditional on
observed characteristics.

Consider the expression, E(Y |Z∗ = 1, x) − E(Y |Z∗ = 0, x). Exploiting the
sequence of events in Figure 1, this can be written, under Assumptions 1 and
2, as

E(Y |Z∗ = 1, x)− E(Y |Z∗ = 0, x) =

{E(Y0|Z∗ = 1, DL = 1, x)− E(Y1|Z∗ = 0, D = 1, x)}
∗ Pr(D = 1|Z∗ = 0, x). (2)

Noting that under Assumption 2, the term in braces in (2) is equivalent to
−[E(Y1|D = 1)− E(Y0|D = 1)], and re-arranging, gives an unbiased estimator
for the ATT defined in (1)

E(β|D = 1, x) =
E(Y |Z∗ = 1, x)− E(Y |Z∗ = 0, x)

−Pr(D = 1|Z∗ = 0, x)
. (3)

This parameter can be consistently estimated by using Z∗ as an instrument
for D in the following model. Conditioning on observed characteristics, x, is left
implicit, and is implemented by regressing all variables on the vector of observed
characteristics, x, and a constant, and working with residuals. Below, Y , D, Z
and Z∗ refer to these residuals.

Y = βD + u

D = γZ∗ + v; v = −γ for Z∗ = 1

in which case the IV estimator for β is given by

β∗IV =
cov(Z∗, Y )
cov(Z∗, D)

, (4)

and is equivalent to the expression in (1). This estimator is unbiased and con-
sistent for β.

However, Z∗ is not observed. Let us assume that instead we observe Z18, an
indicator variable equal to 1 where a woman became pregnant as a teen and re-

18Actually we do not observe Z because Z is defined over the same population as Z∗ and D.
Z can be thought of as those reported miscarriages within the set of all reported pregnancies
and unreported miscarriages. Instead,we observe a variable, Z̃, that is slightly different from
Z. In section 4.6 we show how the bound derived here in terms of Z can be adjusted to reflect
Z̃.
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ported a miscarriage (either correctly or incorrectly) and where that miscarriage,
if one did in fact occur, could have occurred either randomly or non-randomly.

Replacing Z∗ with Z in the model above, and using the IV estimator

β̂IV =
cov(Z, Y )
cov(Z, D)

(5)

will result in biased and inconsistent estimates for β. This is the estimator that
has been the source of objections to the use of miscarriage as an instrument for
births.19

In general, existing estimates of β that do not control for unobserved hetero-
geneity, have tended to indicate strong negative effects of early motherhood.20

For the purposes of comparison, we will refer to these estimators as OLS esti-
mators for β,

β̂OLS =
cov(D,Y )
var(D)

. (6)

However estimates based on (5) have tended to be zero or even positive.21 Our
task is to estimate the extent to which the difference between β̂IV and β̂OLS

reflects upward bias in β̂IV (the difference between β̂IV and β∗IV ) and the extent
to which it signifies overstatement of the effects of early motherhood in earlier
estimates (the difference between β∗IV and β̂OLS).

Thinking again of D, Z and Z∗ as events rather than residuals, we can define
the true outcomes for pregnancy resolution as either birth (B), abortion (A),
random miscarriage which was reported (M), a non-random miscarriage which
was reported (NR) or a miscarriage for which the pregnancy went unreported
(UM). The relationship between Z and Z∗ can then be expressed as

Z = Z∗ + ε

and the joint distribution of (D, Z∗, Z) can be conceptualized as shown below,
with the triple (D, Z∗, Z) taking one of only 5 possible values.

(D, Z∗, Z) =





(1, 0, 0) → B → ε = 0
(0, 1, 1) → M → ε = 0
(0, 0, 1) → A,NR → ε = 1
(0, 1, 0) → UM → ε = −1
(0, 0, 0) → A → ε = 0

Under Assumptions 1 and 2, β∗IV is consistent for β. If cov(Z,D) ≈ cov(Z∗, D),
then the difference between this consistent estimator and the identifiable one,
β̂IV , can be expressed as

β̂IV − β∗IV =
cov(Z, Y )
cov(Z,D)

− cov(Z∗, Y )
cov(Z∗, D)

≈ cov(ε, Y )
cov(Z,D)

. (7)

19See for example the criticism of Hotz, McElroy and Sanders (1996) in Hoffman (1998).
20For example, see Hobcraft and Kiernan (2001)
21For example Hotz McElroy Sanders (1996) and Hotz, Mullins and Sanders (1997)
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The assumption that cov(Z, D) ≈ cov(Z∗, D) is necessary to ensure that
this difference can be evaluated. This is a testable assumption, and is one that
holds approximately in our data, as will be seen in section 5. Below we discuss
the implications of non-equality of cov(Z, D) and cov(Z∗, D).

The mutually exclusive nature of births and miscarriages ensures that cov(Z, D)
is negative and hence the maximum value of (7), representing the maximum
upward difference between β̂IV and β∗IV , is realized at the lower bound for
cov(ε, Y ). We can write cov(ε, Y ) as

cov(ε, Y ) = Pr(ε = 1)
[
E(Y |ε = 1)− E(Y )

]

− Pr(ε = −1)
[
E(Y |ε = −1)− E(Y )

]
. (8)

Assuming that we have consistent estimates for Pr(ε = 1) and Pr(ε = −1),
finding a lower bound for cov(ε, Y ) relies on finding a lower bound for E(Y |ε = 1)
and an upper bound for E(Y |ε = −1). E(Y |ε = 1) can be further written as

E(Y |ε = 1) = E(Y |ε = 1, A)PA + E(Y |ε = 1, NR)PNR, (9)

where PA and PNR refer to Pr(A|ε = 1) and Pr(NR|ε = 1) respectively.

4.1 Bounding E(Y |ε = 1, NR)

Employing the techniques outlined in Horowitz and Manski(1995), we can write
this conditional expectation as

E(Y |ε = 1, NR) = E(Y |Y < Y(kNR), Z = 1)Pr(Y < Y(kNR)|ε = 1, NR)
+ E(Y |Y > Y(kNR), Z = 1)Pr(Y > Y(kNR)|ε = 1, NR) (10)

where kNR = Pr(ε = 1, NR|Z = 1) = Pr(Z∗ = 0, NR|Z = 1), represents the
proportion of non-random miscarriages among the set of reported miscarriages,
and Y(α) represents the α-th percentile of the distribution of Y in the relevant
conditioning sub-population. It is clear that a lower bound on this expectation
is formed when

Pr(Y < Y(kNR)|ε = 1, NR) = 1

and
Pr(Y > Y(kNR)|ε = 1, NR) = 0,

so that a lower bound for E(Y |ε = 1, NR) is given by

lowerbound[E(Y |ε = 1, NR)] = E(Y |Y ≤ Y(kNR), Z = 1). (11)
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4.2 Estimating E(Y |ε = 1, A)

E(Y |ε = 1, A) refers to the mean outcome for those females who became preg-
nant as teenagers and terminated the pregnancy by means of an abortion, but
reported the outcome of the pregnancy as a miscarriage. Since this group of
women is not readily distinguishable from those who had miscarriages (and cor-
rectly reported them) as teenagers, a further assumption is needed to estimate
this conditional expectation. Note that for this type of misreporting to induce an
upward bias in the IV estimates, it is necessary that those who misreport abor-
tions as miscarriages experience, on average, worse outcomes than would have
been experienced had they not given birth, i.e. E(Y |ε = 1, A) < E(Y0|D = 1).
Moreover, if one also believed that the ATT is constrained to be negative or
zero, so that giving birth as a teenager could not have a positive effect on the
outcomes being considered i.e. E(Y0|D = 1) ≥ E(Y1|D = 1), then a plausible
lower bound for E(Y |ε = 1, A) is E(Y |D = 1). However, under a relatively
weak assumption, it is possible to tighten this bound.

Assumption 3. (Y⊥Z)|Z∗ = 0, D = 0, A, x
Given that a young woman had an abortion and reported the pregnancy,
whether it was correctly reported as an abortion or incorrectly reported as
a miscarriage is independent of the outcome, conditional on x.22

Under Assumption 3, E(Y |ε = 1, A) = E(Y |Z = 0, D = 0) which is ob-
served in the data. We use the mean outcome for females who report abor-
tions as a lower bound for the mean outcome of females who had an abor-
tion but misreported it as a miscarriage. This will result in a tighter lower
bound whenever those females who report an abortion as a teenager experi-
ence better outcomes than those who gave birth as a teenager, i.e. whenever
E(Y |Z = 0, D = 0) > E(Y |D = 1).

4.3 Estimating E(Y |ε = −1)

This sub-population refers to those females who became pregnant as a teenager
and experienced a miscarriage, but failed to report the pregnancy. For this type
of misreporting to induce upward bias in the IV estimates, it is necessary that
these women went on to achieve better outcomes than the true counterfactual for
teenage mothers, i.e. E(Y |ε = −1) > E(Y0|D = 1). One possible explanation
would be that these teenagers regretted their early pregnancy and used the
incident as motivation to succeed in later life. These females could feasibly not
want to recollect an experience that they view as a negative aspect to their past.
An alternative explanation is that these are the type of individuals who find it
easier to put adverse events behind them and move on in life.It is possible that
these are latent-abortion type individuals, who would have chosen to abort their
pregnancy. Whichever stance one takes, it seems unlikely that these teenagers

22This is sometimes known as a non-differential measurement error assumption , in this case
with regards the Abortion subset only.
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have unobserved characteristics that are better for their future outcomes that
those who reported an abortion. Hence a plausible upper bound is the mean
outcome for teenagers who reported an abortion, E(Y |Z = 0, D = 0).

Under Assumptions 1 to 3, a lower bound for cov(ε, Y ) is given by

lowerbound[cov(ε, Y )] = Pr(ε = 1)
[
PA ∗ E(Y |Z = 0, D = 0)

+PNRE(Y |Y ≤ YkNR
, Z = 1)−E(Y )

]
−Pr(ε = −1){E(Y |Z = 0, D = 0)−E(Y )}.

(12)

4.4 Estimating Probabilities using External Data

Recall the testable assumption required for equation (7) that cov(Z, D) ≈
cov(Z∗, D). This assumption effectively says that the number of reported mis-
carriages observed in our data (including random miscarriages, non-random
miscarriages and abortions reported as miscarriages) is the same as the actual
number of random miscarriages that should have occurred, given the number
of pregnancies that were reported (including actual random miscarriages and
actual random miscarriages where the pregnancy was not reported). In other
words, the number of non-random miscarriages and abortions reported as mis-
carriages (D = 0, Z∗ = 0, Z = 1) is the same as the number of non-reported
random miscarriages (D = 0, Z∗ = 1, Z = 0). Hence this assumption also
implies Pr(ε = 1) = Pr(ε = −1).23

Using this result along with the identity, PA + PNR = 1, to simplify the
expression in (12) gives

lowerbound[cov(ε, Y )] =

Pr(ε = 1)PNR

[
E(Y |Y ≤ Y(kNR), Z = 1)− E(Y |Z = 0, D = 0)

]
. (13)

This in turn can be re-written as24

lowerbound[cov(ε, Y )] =

E(Z)kNR

[
E(Y |Y ≤ Y(kNR), Z = 1)− E(Y |Z = 0, D = 0)

]
. (14)

23To see this formally, note that cov(D, Z) = Pr(Z = 1)Pr(D = 1) and cov(D, Z∗) =
Pr(Z∗ = 1)Pr(D = 1), implying that Pr(Z∗ = 1) = Pr(Z = 1). Furthermore Pr(ε = 1) =
Pr(Z∗ = 0∩Z = 1) = Pr(Z = 1)−Pr(Z∗ = 1∩Z = 1) and Pr(ε = −1) = Pr(Z∗ = 1∩Z =
0) = Pr(Z∗ = 1)− Pr(Z∗ = 1 ∩ Z = 1). Hence Pr(ε = 1) = Pr(ε = −1).

24To see the equality of Pr(ε = 1)PNR and E(Z)kNR, note that Pr(ε = 1)PNR = Pr(Z∗ =
0 ∩ Z = 1) ∗ Pr(NR|Z∗ = 0, Z = 1) = Pr(Z∗ = 0, Z = 1, NR) and E(Z)kNR = Pr(Z =

1) ∗ Pr(Z∗=0,Z=1,NR)
Pr(Z=1)

= Pr(Z∗ = 0, Z = 1, NR).
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Hence from (7) a lower bound for β∗IV is given by

lowerbound[β∗IV ] = β̂IV

+
kNR

[
E(Y |Y ≤ YkNR

, Z = 1)− E(Y |Z = 0, D = 0)
]

Pr(D = 1)
. (15)

To evaluate this bound, the only probability that is required is kNR.

Assumption 4 Pr[Z∗ = 0, NR|(Z∗ = 0, NR) ∪ (Z∗ = 1)] is known or can
be estimated. This is the proportion of reported miscarriages that can be
classified as having occurred non-randomly with respect to Y0.

To evaluate Assumption 4, we use epidemiologic evidence on the proportion
of clinically recognized pregnancies ending in miscarriage that occur randomly.
We present results for an estimate of this probability of 15%. This is consistent
with the evidence in Regan(2001) and the estimate of 16% used in Hotz, Mullins
and Sanders (1997). An implicit assumption that we make in constructing this
probability is that the proportion of miscarriages that occur randomly is the
same amongst reported and unreported miscarriages.

It is important to note that this method does not account for under-reporting
of births and abortions in our data, but only misclassification of pregnancies,
given that a pregnancy was in fact reported, and non-reported miscarriages.25.
Furthermore, to the extent that one believes that the ONS birth and abortion
statistics suffer from measurement error themselves, these results will be biased.
We assume that the ONS statistics represent the true distribution of (D, Z∗).

4.5 The assumption that cov(Z,D) ≈ cov(Z∗, D)

The assumption that cov(Z, D) ≈ cov(Z∗, D) is a testable assumption and holds
if P (Z = 1) ≈ P (Z∗ = 1). The interpretation of this condition is that the
proportion of reported pregnancies that are reported as miscarriages is equal to
the proportion of miscarriages which would be observed amongst the reported
pregnancies if all miscarriages were reported correctly. It holds approximately
in our data because there are two offsetting effects. On the one hand P (Z =
1) may be greater than P (Z∗ = 1) because some abortions are erroneously
reported as miscarriages and because some reported miscarriages cannot be
considered as having occurred randomly. On the other hand, P (Z = 1) may
be less than P (Z∗ = 1) because some miscarriages go unreported. Table 3 in
section 5 presents estimates of these probabilities from the British Cohort Study
(Z) and the Office of National Statistics (Z∗)26. The numbers in Table 3 are

25Whether underreporting of births and abortions would significantly bias the IV estimates
would depend on difference in the make up of the outcomes for reported and unreported
pregnancies. I suspect that this bias would be quantitatively similar for OLS and IV estimates
and so could not explain the difference between the two estimates. This is something I want
to show . . .

26See the footnote to Table 3 for details of the sources for these statistics.
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consistent this assumption, however this does not rule out other explanations
for the difference between the BCS and ONS data.

To see explicitly the effect of this assumption for our bound, equation (16)
shows the formula for the bound, maintaining all assumptions needed for the
bound in equation (15) but relaxing the assumption that cov(Z, D) ≈ cov(Z∗, D).

lowerbound[β∗IV ] = β̂IV

+
Pr(Z = 1|Z∗ = 1)
Pr(Z∗ = 1|Z = 1)

kNR

[
E(Y |Y ≤ YkNR

, Z = 1)− E(Y |Z = 0, D = 0)
]

Pr(D = 1)

+
Pr(Z∗ = 1|Z = 1)− Pr(Z = 1|Z∗ = 1)

Pr(Z∗ = 1|Z = 1)Pr(D = 1)

[
E(Y |Z = 1)−E(Y |Z = 0, D = 0)

]

(16)

When Pr(Z∗ = 1|Z = 1) = Pr(Z = 1|Z∗ = 1)27, the expression above simplifies
to the formula in equation (15), showing clearly the simplifying effect that this
assumption has for identification of the bound. This expression also makes
clear the extra information that would be needed in order to identify the bound
without making the assumption that cov(Z, D) ≈ cov(Z∗, D). We would need
to be able to estimate Pr(Z∗ = 1|Z = 1) and Pr(Z = 1|Z∗ = 1), that is, the
joint distribution of Z and Z∗.

What would be the implications for our estimates if this assumption did
not hold? If P (Z = 1) < P (Z∗ = 1), that is if the proportion of observed
miscarriages is less than the proportion of actual miscarriages, then this would
imply that cov(Z, D) > cov(Z∗, D) and the estimated lower bound for β∗ would
be greater than the actual lower bound. In other words the true bound would
be tighter than our estimate. Conversely, if P (Z = 1) > P (Z∗ = 1), the true
bound would be looser (more negative) than our estimate.

4.6 Further adjustments for unreported miscarriages

Recall that the bound in equation (15) is derived assuming that data is available
for the population of females reporting a pregnancy as a teenager as well as
those females who experienced a miscarriage as a teenager but did not report
the pregnancy. In this section we adjust the bound to account for the fact that
teenagers not reporting miscarriages are not observed in our data. Let D̃, Z̃∗ and
Z̃ be analogous variables to D, Z∗ and Z but defined only over the population of
females reporting pregnancies as teenagers. The joint distribution of (D̃, Z̃∗, Z̃)
can then be conceptualized as shown below, with the triple (D̃, Z̃∗, Z̃) now
taking one of only 4 possible values.

(D̃, Z̃∗, Z̃) =





(1, 0, 0) → B → ε = 0
(0, 1, 1) → M → ε = 0
(0, 0, 1) → A,NR → ε = 1
(0, 0, 0) → A → ε = 0

27cov(Z, D) = cov(Z∗, D) implies Pr(Z∗ = 1|Z = 1) = Pr(Z = 1|Z∗ = 1)
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If β̂Z̃
IV is the IV estimator calculated using a sample from this population,

then the difference between β̂Z̃
IV and β̂IV can be written as

β̂Z̃
IV − β̂IV =

cov(Z̃, Y )
cov(Z̃, D̃)

− cov(Z, Y )
cov(Z, D)

=
E(Y |Z̃ = 1)− E(Y )

−Pr(D̃ = 1)
− E(Y |Z = 1)− E(Y )

−Pr(D = 1)
.

Using the fact that E(Y |Z = 1) = E(Y |Z̃ = 1) and denoting the number of
unreported miscarriages as UM and the number of reported births as B, this
becomes

β̂Z̃
IV − β̂IV =

UM

B

[
E(Y |Z̃ = 1)− E(Y )

]
. (17)

Substituting into equation (15), we get the corrected bound.

lowerbound[β∗IV ] = β̂Z̃
IV

+
kNR

Pr(D = 1)

[
E(Y |Y ≤ Y(kNR), Z̃ = 1)− E(Y |Z̃ = 0, D̃ = 0)

]

− UM

B

[
E(Y |Z̃ = 1)− E(Y )

]
(18)

In order to calculate this bound we need an estimate of the ratio of unre-
ported teenage miscarriages to teenage births in our sample. We can estimate
the number of unreported pregnancies by comparing the number of reported
pregnancies with what we would expect based on ONS data. The number of
unreported miscarriages can then be calculated by multiplying the number of
unreported pregnancies by the proportion of pregnancies that end in miscar-
riage in the ONS statistics. Assuming that 12% of teenage pregnancies end in
miscarriage, we get an estimate of UM/B of approximately 8%. This is the
percentage that we use in our estimates.28

5 Data and Methodology

Our data comes from the British Cohort Study (BCS), a longitudinal study of a
cohort of approximately 17,000 children born in Britain in the week 5-11 April
1970. Surviving members of the cohort have been followed up at ages 5, 10, 16
and 26, and most recently at age 29/30 in 1999/2000. The starting point for
our sample is those females who responded to a questionnaire about their past
fertility history as part of the age 30 interviews. This provides us with a sample
of 5771 females.

We use two definitions of ‘teenager’ in all of our analysis – those aged up to
(but not including) 18 years, and up to 20 years. Ideally, we would like to classify

28Because E(Y |Z̃ = 1) − E(Y ) is close to zero for most outcomes, the estimates are not
sensitive to the assumption for UM/B
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females based on age at first conception. Unfortunately, date of conception is
not available in the BCS data. Instead, we classify based on age at the outcome
of the first pregnancy.29 Although the 18 year definition of a teenager may
be considered preferable on theoretical grounds - it more closely reflects the
time at which a pregnancy may trigger the mechanisms implicated in worsening
later life socioeconomic outcomes - we focus on the 20 year definition because
it provides larger sample sizes, allowing more robust inference. Moreover, this
is the definition that has been more commonly adopted in the existing US
literature.30 Where a female became pregnant only once before the relevant cut-
off age, we classify the outcome as either a birth, abortion (induced abortion)
or miscarriage (spontaneous abortion).3132

Previous studies that have exploited miscarriages to estimate the effects of
early motherhood have been criticized for their treatment of females experienc-
ing multiple pregnancies as teenagers.33 The criticism centres on the fact that
in these studies, many of the females in the miscarriage sample experienced ad-
ditional pregnancies as a teenager which ended in either abortions or live births.
Table 1 shows the number of teenagers who have had zero, one, two, three and
four pregnancies before each cut-off age. No teenagers had more than four preg-
nancies by age 20 in our sample. Furthermore, many females who experienced
a miscarriage as a teenager also experienced an abortion or gave birth before
the relevant cut-off age. Table 2 shows the number of females in each of these
categories. Including females in the miscarriage sample who also gave birth or
had an abortion as a teenager would have a similar effect to contaminating the
control group with the treated group in an experimental design, biasing the IV
estimates. Moreover, by looking at the outcome of the other pregnancies we can
learn something about the teenager’s latent pregnancy resolution decision, had
the pregnancy not ended in a miscarriage. In other words, we have information
as to whether the teenager would have chosen to abort the pregnancy. In cases
where the teenager had a latent abortion preference, we can no longer claim
that the miscarriage served to exogenously delay age at first birth.

[Table 1 here]
29We could choose to impute dates of conception based on the outcome of the pregnancy

and the date of the outcome. While this would give us a slightly larger sample of teenagers
who became pregnant, it is unlikely that this would significantly affect our results. It also
should be noted that aborted and miscarried pregnancies predate births by about 6 months.
For this reason our age-cut-offs mean that we could very slightly undercount teenage abortions
and miscarriages relative to the number of pregnancies.

30For example Ribar (1999).
31For the purposes of this paper we refer to induced abortions as ”abortions” and sponta-

neous abortions as ”miscarriages”.
32The BCS data draws a distinction between pregnancies ending in miscarriage and those

ending with a stillbirth. There is an argument for reclassifying stillbirths as miscarriages
because stillbirths represent situations in which age at first birth has been exogenously delayed,
however we exclude observations where the female had a stillbirth but no live birth or abortion
by the age cut-off. This is done because Condition 3, discussed in Section 3, is much less likely
to hold for stillbirths than for miscarriages. Only 3 females fall into this category and inclusion
of these observations in the miscarriage sample does not significantly affect the results.

33For example, Hoffman (1998) makes this criticism about Hotz, Mullins and Sanders (1997).
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[Table 2 here]

To overcome this problem, we define our non-pregnant, pregnant, birth,
abortion and miscarriage samples as follows:

Non-pregnant Sample Females who did not report any pregnancy prior to
the relevant cut-off age.

Pregnant Sample Females who reported at least one pregnancy prior to the
relevant cut-off age.

Birth Sample
(
D̃ = 1, Z̃ = 0

)
Females who had at least one birth prior to

the relevant cut-off age.

Abortion Sample
(
D̃ = 0, Z̃ = 0

)
Females who had at least one abortion

and no births prior to the relevant cut-off age.

Miscarriage Sample
(
D̃ = 0, Z̃ = 1

)
Females who had at least one birth prior

to the relevant cut-off age.

Adopting these sample definitions has the effect of ensuring that the birth,
abortion and miscarriage samples are mutually exclusive and together comprise
the pregnant sample. Figure 1 shows the number of females in each of the sam-
ples for the two definitions of teenagers. Although the number of miscarriages
is smaller than one would like for statistical purposes, the samples sizes are
broadly consistent with those in Hotz, Mullins and Sanders (1997).

[Figure 2 here]

To give an indication of the possible extent of under-reporting and misre-
porting of pregnancies in the BCS data, Table 3 compares information from
our data to the total number of conceptions, births, abortions and miscarriages
per 1000 women aged 15-19 for the cohort born in 1970 based on official ONS
population statistics (where available). It also shows – based on these figures -
the proportion of all conceptions ending in birth, abortion or miscarriage. Offi-
cial statistics are not available for miscarriage rates, however it is commonly ac-
cepted34 that between 10% and 15% of clinically recognised pregnancies (births,
abortions and miscarriages) end in miscarriage, with this proportion increasing
with age. Thus a reasonable estimate for 15-19 year old females is somewhere
in the vicinity of 10% to 12%.

[Table 3 here]

There is clearly a substantial amount of under-reporting of pregnancies
amongst the BCS sample, with around 75-80 pregnancies per 1000 women going

34See Regan (1997).
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unreported. As would be expected, a disproportionate amount of this under-
reporting is among those pregnancies ending in abortions, with only 21% of
pregnancies being reported as ending in abortion for the BCS sample, compared
to 29-30% for the ONS statistics. Moreover, the fact that the BCS data show
12% of pregnancies ending in miscarriage, combined with the apparent higher
proportion of pregnancies ending in births in the BCS sample (67% compared
with 59%), suggest that indeed some abortions could be erroneously reported as
miscarriages in the BCS data. These figures support both the notion that the
unreported pregnancies are more likely to end in abortions or miscarriages than
reported pregnancies, and the belief that some abortions are being misreported
as miscarriages.

The outcomes we investigate cover a range of economic outcomes, all mea-
sured at age 29 or 30. Our primary outcome of interest is the natural logarithm
of equivalised family income35, however, in order to more fully understand what
is driving the effects of this broad outcome, we break it down into its component
parts. First, we investigate the cohort members’ family size as measured by the
equivalence scale36 and the number of children that the individual has had by
age 30. We then examine the cohort members’ own labour market outcomes,
including the natural logarithm of their hourly and weekly net wages37 and
their total hours worked. Next, we look at the natural logarithm of the cohort
member’s partner’s weekly wages. We also examine two outcomes related to
the dependency of the female on Government benefits - the logarithm of real
benefits received per week and an indicator variable for whether the cohort
member was in receipt of means-tested benefits. Finally, we present results for
two educational outcomes - age left full-time education and whether or not the
female continued in post-compulsory schooling. Because we believe the school-
ing decision to be highly endogenous to the pregnancy and birth decisions, it is
difficult to give any robust interperetation to these results. There are arguments
for both teenage pregnancy leading to an early termination of formal education
and for being out of full-time education leading to an increased likelihood of
becoming pregnant or proceeding with an unplanned pregnancy. We present
the results here to provide a UK compliment to work in the US such as Levine
and Painter(2003), rather than as a description of any causal effects. Results
for the impact of early motherhood on these outcomes are presented in section
6.

Table 4 displays summary statistics for each of these outcomes for the various
samples defined above. To conserve space, summary statistics are only shown
for the 20-year definition of a teenager. The descriptive results are qualitatively
similar for the other age groups in that for all outcomes and age definitions,

35Equivalised family income comprises cohort member’s real net weekly income, partner’s
real net weekly income, real benefits received per week and real net weekly income from other
sources (interest payments etc), adjusted to take account of household composition and size.

36We use McClement’s (1977) equivalence scale. This is the most commonly used equiva-
lence sacle in the UK. It does not take into account regional differences in living costs because
there is no official data on this in the UK. Details of the scale are given in the footnote to
Table 4.

37Where net wage data was missing, net wages were imputed from gross wages.
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the birth sample has substantially lower (worse) average outcomes than for the
not-pregnant, abortion and miscarriage samples.

[Table 4 here]

All regressions we report control for a range of background characteristics.
The controls included are: age mother and father left full-time education; maths,
reading and ability test scores at age 10; mother’s age at birth; father’s so-
cial class; banded family income at age 10 and age 16; and indicators at age
16 for whether the family had experienced financial hardship in the last year,
and whether the girl’s mother thinks sex education is important, whether her
daughter will do A-levels38, and whether her daughter will continue in full time
education past age 18. We also include an indicator for whether the teenager
had had a longstanding illness or disability39. The propensity score matching
estimates we report are based on this same vector of observed characteristics.40

Table 5 displays descriptive statistics for the background variables for the vari-
ous samples.

We explicitly choose not to control for marital status of teenagers around
the time of the birth. Our reasoning is that the marriage decision is endogenous
to the birth decision. We want to estimate the full effect of teenage motherhood
on human capital accumulation and later life outcomes, including any effects
that are compounded by a correlated decision to enter into a young marriage.

[Table 5 here]

Three points are immediately clear from Table 5, emphasizing the selec-
tion problem that we are faced with when trying to estimate the causal effect
of early motherhood. First, the birth sample comes from substantially more
disadvantaged backgrounds on average than both the full sample and the not-
pregnant sample. Those individuals who gave birth as a teenager have test
scores at age 10 that are on average between 7 and 11 percentage points lower
than teenagers who did not become pregnant. For each dimension, there is ev-
idence that teenage birth is to some extent an indicator of prior disadvantage.
Second, there is a remarkable similarity between the background characteristics
for teenagers in the abortion sample and those in the not-pregnant sample. The
income distributions at age 10 and 16, and the distribution of father’s social
class are almost identical for the two groups. This point, and the one noted
above, provide a further warning against simply comparing the outcomes for
teen mothers with non-teen mothers in order to assess the impact of teenage

38In the UK, A-levels are qualifications typically taken at the end of two years of post-
compulsory schooling around the age of 18. A-level performance is a criterion for university
admission.

39This was defined as a disability that severely affected ordinary life or missing more than
3 months of school in the last 12 months for health reasons at age 10.

40We use the stata routine psmatch2 to calculate matching estimates. See Leuven and
Sianesi (2003) for details.
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motherhood, even after conditioning on becoming pregnant as a teenager. More-
over, the vastly different background characteristics between the birth sample
and the abortion and not-pregnant samples, suggest that simply controlling for
these characteristics in a linear model may not be sufficient to identify effects for
the birth sample. The problem of there being only a narrow region of common
support among these background characteristics suggest that a more flexible
framework, such as propensity score matching, may be more appropriate. We
impose common support through the use of an Epanechnikov kernel matching
estimator, as explained below.

Finally, Table 5 indicates that the characteristics of the miscarriage sample
lie somewhere between the birth and not-pregnant samples, but closer to the
birth sample. This supports the idea that the miscarriage sample comprises a
mixture of latent birth type women and latent abortion type women, with a
higher proportion of the miscarriage type having a latent-preference for birth.

6 Results

The results from our analysis cover four broad areas – family income, receipt of
means-tested benefits, employment and wages and the cohort member’s part-
nership. We also present some results regarding educational attainment, though
with some caveats (see below). The aim is to understand how early motherhood
affects the mother’s socioeconomic status and living standard at age 30 (cap-
tured by equivalised family income), the pathways that lead from teenage moth-
erhood to these living standards as well as the extent to which state-provided
benefits compensate for any negative effects on wages and partner’s income.

Recall too that we are also interested in how the estimates vary across the
different methodologies. Specifically, we ask the question of whether imposing
common support through propensity score matching results in smaller estimates
than conventional linear models and whether the bias in the IV estimates from
misreporting and non-randomness can explain their much smaller size. For each
outcome we present six sets of estimates. First, we show OLS estimates of the
effects of early motherhood for the full sample of females and for the sample
of those who became pregnant as a teenager (columns 1 and 2). These are the
‘conventional’ linear models that control for observed characteristics only.

Next we use propensity score matching to compare outcomes for teenage
mothers with similar pregnant teenagers who did not give birth (columns 3
and 4). This also controls for observed characteristics only, but within a more
flexible framework that also allows us to impose common support, by restricting
the individuals to whom we compare teenage mothers to those with similar
background characteristics. We present estimates from Epanechnikov Kernel
density matching with two bandwidths, one imposing common support within
a propensity score bandwidth of 0.01, the other within a bandwidth of 0.001.
The larger bandwidth imposes common support less strictly and so results in
more efficient estimates at the cost of potentially more biased estimates.

To give an indication of the success of our attempt to match teenage mothers
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with similar non-teenage mothers in our sample, Table 6 shows the result from
our baseline probit estimation. To conserve on space we only present results for
the 20-year definition of a teenager. Other samples give quantitatively similar
results. Table 7 gives an indication of the number of observations lost to common
support for the same sample and a summary of the balancing tests performed.
The median bias amongst the explanatory variables decreases from about 12.5%
to 3.2% for the 0.01 bandwidth after matching, and from about 12.5% to 6.5%
for the 0.001 bandwidth after matching. The joint test for non-significance of
the explanatory variables can also no longer be rejected after matching.

[Table 6 here]

[Table 7 here]

Next, we present the first set of estimates that control for unobserved het-
erogeneity (column 5). These are the IV estimates, βZ̃

IV , using miscarriages as
an instrument for teenage births. However, we remind the reader that these
may be biased towards zero. Accordingly, in column 6, we give estimates for a
lower bound of β∗IV , accounting for non-randomness and misreporting of mis-
carriages as per (18). Results are shown for estimates of the bounds where the
proportion of non-random miscarriages among the set of reported miscarriages
(kNR) is assumed to be 0.15. All regressions include the background variables
discussed above as controls. We implement IV estimation by first regressing
all variables on our control variables and then working with residuals. Results
from the first stage are available from the authors upon request. As would be
expected from their binary nature, the correlation of miscarriages with births is
significant and negative.

We present results for two definitions of teenagers: Table 8 shows estimates
of the effects of motherhood before age 20, and Table 9, before age 18. The
outcomes we consider are set out in 5 different panels, covering family income
(panel A), state benefits (panel B), labour market outcomes (panel C), partner-
ship status (panel D), and education (panel E).

6.1 Pathways to Disadvantage

The results shown in Table 8 provide an interesting picture of the effects of
teenage motherhood on socio-eonomic status of the mother by age 30. Our first
observations relate to the insights we can gain about the pathways to possible
disadvantage by looking at a range of different mothers’ oucomes. Here we focus
mostly on what we learn from our OLS and PSM results - we go on to discuss
what we learn from adopting the IV methodology in the next section below.

[Table 8 here]
Two factors stand out. First, many of our estimates suggest that teenage

motherhood leads to lower needs-adjusted (equivalised) family income by age
30. However all our estimates suggest that this is driven by larger families, not
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lower total income. Second, many of our estimates (though not the central IV
estimates, see below) highlight the importance of the government in insulating
teenage mothers from further negative effects: effectively making up for worse
labour market outcomes through benefit payments.

Starting with our baseline measure of the overall economic welfare of the
teenage mother at age 30, net equivalised weekly family income, we can see
that compared to women from the same age group who did not become teenage
mothers, our OLS results show teenage mothers with an average 39% lower
equivalised family income (column 1). Restricting the comparison group to
those who became pregnant but did not give birth as a teenager, this differ-
ence is reduced to around 36%. The more flexible PSM approach suggests this
difference is smaller again at around 28-31%.

Interestingly, lower living standards appear to be generated by family size
differences rather than differences in income levels. This can be seen from the
fact that large negative effects are not apparent, even in our OLS estimates,
when we consider the impact on unequivalised family income. Teenage moth-
erhood results in a cut in unadjusted family income of around just 7 per cent
(column 2 OLS esimate), and this estimate is not significantly different from
zero. This view is confirmed by considering the impact of teenage motherhood
directly on family size and composition variables: our OLS and PSM estimates
suggest that teenage motherhood results in an increase in the equivalence scale
of around one third (i.e. teenage motherhood means the family requires one
third as much income to reach the same standard of living as had the early
motherhood not occurred). Moreover, this is not just a function of the par-
ticular equivalence scale we use. The fourth row of the same table shows that
teenage mothers have an average of 1.2 -1.5 more children in the household by
age 30 when compared with similar pregnant teenagers who did not give birth.

However the picture is a more subtle one than simply a bigger family re-
sulting in lower living standards: it is also important to realise that the state
plays an important role in maintaining the family incomes of teenage mothers:
this can be seen by the fact that the OLS and PSM results suggest significantly
worse labour market outcomes for both the mother herself, and for her partner,
if present in the household. In particular the mother has a lower probability of
being in work, whilst for those who do work, it significantly reduces the number
of hours worked. Not surprisingly, these shorter hours mean that teenage moth-
erhood leads to a reduction in weekly earnings. Additionally, Table 8 (Panel
C) shows that on all but the central IV estimates, hourly earnings are also
significantly reduced (though by less than weekly earnings).

There is little evidence in Panel D Table 8 that teenage motherhood af-
fects the probability of having a partner at 30.41 This means that, even on our
conventional estimates, lone parenthood can be ruled out as an important con-
tributor through which teenage motherhood confers disadvantage at this age.
However teenage motherhood is associated with having a partner who is less
well qualified, and who has a lower weekly wage compared to those who did

41Defined as a cohabitee or legal spouse.
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not become mothers as a teenager, when we consider our OLS and matching
estimates alone.

Putting all these results together, an interesting picture emerges. Taking our
estimates that do not control for unobserved heterogeneity at face value, teenage
motherhood does lead to lower living standards at age 30 but does not lower
household income, unadjusted for needs. The missing link here is benefits from
the state: and here we can see (Panel B of Table 8) that virtually all the negative
impact of teenage motherhood on labour market outcomes and the quality of
partnership is compensated by a higher likelihood of means-tested support from
the state and a higher level of benefit income. Given the earlier results for
family income, this evidence seems to suggest that in the UK, the state plays
an important role in counteracting any negative labour market effects of teen
motherhood. Relative to similar non-teenage mothers, our estimates suggest an
that teenage motherhood leads to an increased reliance on the benefit system
for support.

6.2 Differences Across Methodologies

Our second set of observations relate to the estimates obtained through different
methodologies: in general, when we depart from conventional OLS estimation,
we find considerably smaller effects of teenage motherhood on all the outcomes
we consider. In particular our IV estimates, controlling for unobserved het-
erogeneity, suggest zero effects of teenage motherhood on almost all the con-
sidered outcomes. However the size of the estimated IV bounds mean that
non-randomness and mis-reporting of our instrument could, in the extreme, be
entirely responsible for this reduction in the apparent effects.

For example, considering again our baseline indicator of family socio-economic
status at age 30, net weekly equivalised household income, we can see from Table
8 that the central IV results in column (5) suggest that unobserved heterogeneity
may well be an important factor in driving the negative impacts we discussed in
the section above. If these estimates are to be believed, then becoming a teenage
mother results in a considerably smaller cut - of around 14% - in equivalised
family income at age 30 on this estimate, and this is not significantly different
from zero at the 5% level.42 The estimated IV bound in column (6), however,
shows that at the extreme the IV estimate could in fact indicate a cut of 44
per cent in equivalised family income resulting from teenage motherhood - an
estimate larger in absolute terms than either the OLS or PSM estimates. This
pattern of results across estimation techniques is consistent across almost all the
outcomes we consider. On balance, therefore, we are unable to conclude that
teenage motherhood does not have strongly negative effects on family income
and its components, with the pathways to disadvantage discussed in the section
above also consistent with the pattern of results revealed by the IV bounds. But
depending upon how much faith we are willing to place in the use of miscarriage

42It should be noted, however, that the lack of significance of this estimate is due to the
poor precision of our IV estimates, rather than a point estimate particularly close to zero.
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as an instrument, our IV results provide evidence that the impact may well not
be as negative as the conventional estimates suggest.

6.3 Age at First Birth

Our third set of observations relate to the apparent difference in the effect of
teenage motherhood, depending on the age of the mother when she had her first
child. Table 9 shows the estimated impact of teenage motherhood on outcomes
at age 30 for a subsample who gave birth before the age of 18. In many cases the
estimated effects are less negative than those found for our main, larger sample,
which also contains those who became mothers at age 18 or 19. Two hypotheses
could explain this phenomenon. First, this could be taken as evidence that any
negative effects of teenage motherhood at age 30, are, at least in part temporary.
If the effects of being a teenage mother were permanent and distinctive, we might
expect to see larger effects for the under 18 sample in Table 9. Second, this
phenomenon could also suggest that the youngest mothers are in general more
protected by their families from the negative effects of early motherhood than
those who give birth slightly later. These considerations suggest that further
work is required in unravelling these possibly competing hypotheses.

[Table 9 here]

[Table 10 here]

6.4 Educational Outcomes

The final set of observations relate to the cohort members’ educational attain-
ment. This is likely to be an important mechanism through which teenage
motherhood confers later life disadvantage, and one which is likely to create per-
manent, rather than temporary differences between teenage, and non-teenage
mothers. However, establishing a causal interpretation for this is complicated
by the fact that the most important decisions made by young people about
their education are likely to take place around the same time, or even before
the pregnancy and motherhood decisions we are considering. Hence the deci-
sion to become a young mother may in part be a direct result of leaving school
young, and not the other way round. For this reason, to answer questions about
the relationship between teenage motherhood and human capital formation it
would be more appropriate to examine a panel data set of teenagers around the
school leaving age (such as that in Levine and Painter (2003)) rather than the
longitudinal data that we have here. We choose to include these estimates for
the sake of completeness and to compliment the existing literature and we ask
the reader to interpret the results with caution. The estimates in Panel E of
Table 8 show that those who gave birth as teenagers are significantly less likely
to go on to post-compulsory education than those who do not. This could be
an important mechanism through which teenage childbearing leads to the neg-
ative effects that we have already seen, and some of our estimates also suggest
a significantly younger age leaving full-time education.
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Finally it should be noted that for educational outcomes, there are sizeable
differences between the linear regression results for the pregnant sample and the
propensity score matching estimates. As in Levine and Painter (2003) we find
that the PSM estimates with fairly wide bandwidth (column (3)) are somewhat
more modest than linear regression and close to the IV results. Levine and
Painter (2003) report that their results are insensitive to the bandwidth used
while we find that tightening the bandwidth considerably to 0.001 (column
(4)) we estimate much larger effects than linear regression – indeed the PSM
estimates are now very close to the linear regression results for the whole sample
(column (1)).

7 Conclusions

This paper provides evidence on the effects of teenage motherhood on women’s
later life outcomes, by considering the impact of becoming a teenage mother
on a cohort of British women observed at age 30. In line with the recent lit-
erature, we have employed a number of methods to account for both observed
and unobserved characteristics influencing selection into teenage motherhood.
Our results confirm that estimates are indeed sensitive to the methodology em-
ployed. When observed characteristics only are taken into account, the effects
of teenage motherhood on a woman’s socioeconomic status at age 30 appear to
be large and negative. However, it is family size and composition, rather than
household income, that appear to be the important drivers of disadvantage. In
the UK, it appears that benefit income does a good job of compensating for the
negative effects on labour market outcomes and partners’ incomes. An inter-
esting question for future research would be to compare this finding with US
data.

Our analysis also suggests that once we take unobserved characteristics de-
termining selection into teenage motherhood into account, the evidence for
strong negative effects on later life outcomes becomes less clear cut. Our IV
results - which exploit data on miscarriages as a source of exogenous variation
in teenage motherhood - suggest that many of the negative effects may be signif-
icantly reduced or even disappear once such unobserved heterogeneity is taken
into account. This is in line with the results from many of the other papers
cited in section 3. As in other work the size of our treatment group is a problem
that undermines precision – we have only 46 (77) miscarriages by age 18 (20)
compared to 353 (794) births.

However there may be biases introduced into the IV estimates as a result of
non-random occurrence and misreporting of miscarriages. We have shown how
it is possible to extend the methods in Hotz, Mullins and Sanders (1997) to
account for misreporting as well as non-randomness of miscarriages. We show
that for most outcomes we consider, the apparent lack of strong negative effects
using IV could indeed be driven by biases in our IV estimator. This is shown
by the fact that our estimates of lower bounds for our IV results are again large
and significantly negative, and indeed are broadly in line with the conventional
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OLS estimates of the impact of teenage motherhood. This means that we are
unable to conclude that the conventional estimates (i.e. those shown in columns
1, 2, and 3 of Tables 8 to 12) could not, in fact, be the true estimates of the
impact of teenage motherhood. Rather, a cautious interpretation of our results
would conclude that these conventional OLS estimates probably represent the
worst possible effects of early motherhood, whereas the IV estimates probably
represent the best.

What does all this mean for the policymaker, trying to decide if teenage
motherhood is simply an indicator of prior disadvantage, or a pathway to fu-
ture disadvantage? From the evidence in this paper alone, we cannot rule out
that it is teenage motherhood that leads to lower socioeconomic status in later
life, rather than earlier disadvantage alone. However, our own IV estimates –
though potentially biased – do add to the growing body of evidence, amassed
using a variety of different, and all imperfect, methods, which suggests that the
importance of teenage motherhood may, in fact, be small compared to the role
that prior disadvantage plays.

Our results also shed some light on some other important issues. First
we have shown some of the contributing factors to the lower economic status
at age 30 experienced by teenage mothers. In particular, those who become
teenage mothers are less likely to be in work, work fewer hours, and earn a lower
hourly wage than those who do not. There is no difference in the likelihood of
having a partner, but the partners of teenage mothers have lower educational
qualifications and labour market status than the partners of those who did not
become teenage mothers. We have also shown that teenage mothers’ families
have greater needs - as determined by their family size and composition - for
any given level of income.

Our analysis has also highlighted the importance of disentangling timing
issues from any long-term permanent disadvantage that might be incurred by
teenage motherhood. For example, we showed that for most outcomes, the
effects of early motherhood at age 30 are larger for females falling pregnant
between 18 and 20 years old than those falling pregnant before age 18. One
explanation is that the effects of early pregnancy diminish over time and do
not persist into later periods in life. This could be because teenage motherhood
tends to bring forward in time some of the disadvantage incurred by most moth-
ers when they raise children. Another explanation could be that for those who
give birth at a younger age, the young mother’s own family typically provides
more support, and protects the teenager from some of the more negative effects
of becoming a mother at a young age. More research – following individuals over
a longer timespan – is required to ascertain the extent to which more permanent
disadvantage also ensues.
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Figure 1 Pregancy, Misscarriage, Abortion and Birth
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Table 1: Distribution of Number of Pregnancies 

Number of Pregnancies by age 18 by age 20 

 Number Percentage Number Percentage 

0 5230 90.6 4703 81.5 

1 469 8.1 786 13.6 

2 65 1.1 239 4.1 

3 6 0.1 39 0.7 

4 1 0.0 4 0.1 

Total 5771 100 5771 100 

 

Table 2: Other Pregnancies for Teenagers who Miscarried 

 Miscarriage by 18 % Miscarriage by 20 % 

Also gave birth 18 26.9 63 41.7 

Also had abortion 2 3.0 6 4.0 

Also gave birth and had abortion 1 1.5 4 2.6 

Only had miscarriages 46 68.7 77 51.0 

Total 67 100 151 100 



Figure 2: Sample sizes 

Full sample 
women born 1970: 5771 

(100%) 

 

 

Not pregnant 
by age 18: 5230  (90.6%)
by age 20: 4703  (81.5%)

At least one pregnancy:
by age 18: 541 (9.4%) 

by age 20: 1068 (18.5%) 

 

 

 

 

 

 

 

Gave birth: 
by age 18: 353 (6.1%) 
by age 20: 794 (13.8%) 

Abortion : 
by age 18: 139 (2.4%) 
by age 20: 194 (3.4%) 

Miscarriage: 
by age 18: 46 (0.8%)
by age 20: 77 (1.3%)

Note: the Pregnant sample includes 3 more women in total than the birth, miscarriage, and abortion 

samples combined because of the stillbirths discussed in footnote 17. 

 2



 

Table 3: Fertility rates for 1970 Cohort, aged 15-19 

 ONS BCS70 ONS BCS70 

 per 1000 Per 1000 (%) (%) 

Births  152 114 59-60 67 

Abortions  74 36 29-30 a 21 

Miscarriages  25-31 24 10-12b 12 

 251-257 176 100 100 

Notes: Birth rates refer to the number of registered live births in England and Wales. Abortion 
rates refer to the number of recorded abortions in England and Wales.  
a: Abortion rates for the 1970 cohort are not available directly. The earliest year for which age-
specific ONS abortion data is available is 1991, when the 1970 cohort would have been 21 years 
old. To calculate the abortion rates in this table, we use information on abortion rates of women 
from more recent cohorts,  applying the percentage of conceptions (births and abortions) ending in 
abortion for each age 15-19, averaged over the years 1991-95, to the relevant birth rates for the 
1970 cohort.  
b: by assumption – see text above. 

Sources: ONS Series FM1 no. 30 (revised) Table 10.1. and Table 12.2 and authors’ calculations.  
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Table 4: Summary statistics – Outcome variables, 20 year definition of teenager 
 
Outcome Full Sample Not Pregnant Pregnant Birth Abortion MisCarriage 
Family Income        
Log Equivalised 5.76 5.84 5.41 5.30 5.84 5.58 
Family Income (0.77) (0.77) (0.65) (0.60) (0.66) (0.74) 
 5515 4489 1026 768 181 74 
Log Family 5.78 5.81 5.63 5.59 5.81 5.63 
Income (0.77) (0.79) (0.66) (0.64) (0.71) (0.75) 
 5515 4489 1026 768 181 74 
McClements 1.06 1.00 1.29 1.38 1.00 1.10 
Equivalence (0.30) (0.26) (0.34) (0.30) (0.29) (0.29) 
Scalea 5771 4703 1068 794 194 77 
Number of children 0.95 0.71 1.99 2.35 0.83 1.12 
 (1.07) (0.90) (1.16) (0.99) (0.91) (1.01) 
 5771 4706 1065 794 194 77 
Work       
In Work? 0.68 0.72 0.51 0.46 0.66 0.69 
 (0.47) (0.45) (0.50) (0.50) (0.48) (0.47) 
 5771 4703 1068 794 194 77 
Log Weekly 5.14 5.21 4.73 4.56 5.21 4.78 
Wage (0.79) (0.77) (0.80) (0.73) (0.74) (0.93) 
 3907 3360 547 365 128 53 
Log Hourly 1.73 1.76 1.56 1.49 1.77 1.55 
Wage (0.41) (0.41) (0.42) (0.39) (0.40) (0.54) 
 3891 3348 543 361 128 53 
Hours Worked 35.15 36.10 29.25 26.53 35.66 32.32 
per Week (12.97) (12.56) (13.85) (12.92) (13.97) (14.35) 
 3938 3389 549 366 129 53 
Partner       
Partner 0.70 0.71 0.69 0.70 0.63 0.69 
in Household? (0.46) (0.45) (0.46) (0.46) (0.48) (0.47) 
 5771 4703 1068 794 194 77 
Log Weekly 5.64 5.66 5.51 5.45 5.65 5.66 
Wage (0.65) (0.64) (0.71) (0.73) (0.68) (0.59) 
 3372 2810 562 406 110 44 
Post- 0.57 0.60 0.48 0.44 0.60 0.55 
Compulsory (0.49) (0.49) (0.50) (0.50) (0.49) (0.50) 
Schooling? 5771 4703 1068 794 194 77 
Benefit variables       
Log Weekly 3.69 3.49 4.17 4.25 3.77 3.79 
Benefit (1.02) (0.97) (0.99) (0.98) (0.96) (0.92) 
Income 3266 2329 937 772 109 54 
On Means- 0.79 0.85 0.50 0.42 0.77 0.69 
Tested (0.41) (0.35) (0.50) (0.49) (0.42) (0.47) 
Benefits? 5757 4689 1068 794 194 77 
Education       
Age Left 17.48 17.72 16.48 16.26 17.28 16.78 
Full-Time (2.26) (2.35) (1.43) (1.09) (2.20) (1.51) 
Education 5607 4552 1055 791 185 76 
Post- 0.50 0.56 0.25 0.19 0.48 0.31 
Compulsory (0.50) (0.50) (0.43) (0.39) (0.50) (0.47) 
Schooling? 5771 4703 1068 794 194 77 

a Equivalence scales provide the means of adjusting a household's income for size and composition so that incomes can be sensibly 
compared across different households. Official income statistics use the McClements (1977) equivalence scale, in which an adult couple 
with no dependent children is taken as the benchmark with an equivalence scale of one. The equivalence scales for other types of 
households can be calculated by adding together the implied contributions of each household member . The scale used is: Head, 0.61; 
Partner/Spouse, 0.39; Other second adult, 0.46; Third adult, 0.42; Subsequent adults, 0.36; Each child aged 0-1, 0.09; Each child aged 2-
4, 0.18; Each child aged 5-7, 0.21; Each child aged 8-10, 0.23; Each child aged 11-12, 0.25; Each child aged 13-15, 0.27; Each child aged 
16-18, 0.36.
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Table 5: Summary Statistics – Background variable, 20 year definition of a teenager 
 
Background 
variables Full Not pregnant Pregnant Birth Abortion Miscarriage
Age father left  16.00 16.12 15.45 15.29 16.07 15.55 
FT education (2.25) (2.35) (1.56) (1.32) (2.25) (1.39) 
 5208 4270 938 695 167 73 
Age mother left  15.74 15.83 15.35 15.24 15.78 15.42 
FT education (1.65) (1.73) (1.12) (0.93) (1.58) (1.30) 
 5208 4273 935 692 167 73 
Maths Score  61.77 63.08 56.10 54.69 61.15 58.08 
Age 10 (16.17) (15.91) (16.05) (16.07) (15.91) (14.02) 
 4327 3513 814 601 144 66 
Reading Score  63.28 64.87 56.42 53.63 65.21 61.84 
Age 10 (19.44) (18.94) (20.05) (19.69) (19.16) (18.96) 
 4651 3773 878 646 160 69 
Ability Score  52.98 54.06 48.31 46.62 53.94 51.34 
Age 10 (13.34) (13.13) (13.26) (12.95) (13.04) (12.96) 
 4563 3703 860 634 153 70 
Mother's Age  25.97 26.20 24.95 24.67 25.97 25.33 
at birth (5.35) (5.24) (5.74) (5.75) (5.12) (6.78) 
Father’s class: 
- I 6% 7% 3% 2% 7% 5% 
- II 24% 26% 15% 12% 28% 16% 
- III.manual 9% 10% 7% 6% 12% 5% 
- III.nonmanual 44% 43% 51% 52% 43% 61% 
- IV 12% 11% 17% 20% 7% 9% 
- V 4% 3% 7% 8% 3% 4% 
Income at 10: 
<£50pw 6% 5% 10% 12% 4% 10% 
£50-£100 30% 27% 39% 43% 26% 31% 
£100-£150 35% 35% 32% 31% 36% 34% 
£150-£200 16% 17% 13% 10% 21% 16% 
>£200pw 13% 15% 6% 4% 12% 9% 
Income  at 16: 
<£100pw 16% 12% 31% 35% 18% 19% 
£100-£150 14% 14% 16% 17% 12% 21% 
£150-£200 15% 15% 14% 15% 9% 17% 
£200-£250 12% 13% 8% 8% 7% 7% 
£250-£300 10% 10% 7% 6% 14% 7% 
£300-£350 6% 6% 4% 4% 5% 2% 
>£350pw 12% 13% 7% 5% 15% 7% 
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Table 7: Propensity Score Balancing Tests and Diagnostics 
 
  
A: Balancing Tests 

 Median Bias  
p-value from LR Test of No Effect of 

Explanatory Variables 
Bandwidth (unmatched)  (matched)  (unmatched)  (matched) 
0.01 12.49 3.20  0.000 0.924 
0.001 12.49 6.53  0.000 0.032 
      
      

B: Imposition of Common Support 
      
Bandwidth = 0.01 
 On Support Off Support  Total  
No Birth 255 0  255  
Birth 766 2  768  
 1,021 2  1,023  
      
      
Bandwidth = 0.001 
 On Support Off Support  Total  
No Birth 255 0  255  
Birth 406 362  768  
 661 362  1,023  
      
 

a Results above are for the subsample for which data was available for Family Income, our baseline outcome of 
interest. Sample sizes vary slightly for other outcomes due to missing data. Results above are for the 20-year 
definition of teenager. Other samples give very similar results. 
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(1) (2) (3) (4) (5) (6)
OLS OLS PSM PSM IV IV - Bound

bw = 0.01 bw=0.001 85% random
Full Sample Preg Sample Preg Sample Preg Sample Preg Sample Preg Sample

Panel A - Family Income and Composition Variables
Log Equivalised Family Income -0.390 -0.359 -0.275 -0.310 -0.138 -0.447

(0.025) (0.049) (0.083) (0.084) (0.107) (0.083)
Log Family Income -0.090 -0.067 0.053 -0.004 0.067 -0.220

(0.027) (0.054) (0.083) (0.091) (0.114) (0.093)
McClements Equivalence Scale 0.345 0.338 0.352 0.326 0.240 0.359

(0.012) (0.022) (0.029) (0.040) (0.044) (0.043)
Number of Children 1.487 1.340 1.435 1.247 1.060 1.566

(0.039) (0.072) (0.100) (0.128) (0.164) (0.166)
Panel B - Benenfit Variables
Log Weekly Benefit Income 0.356 0.257 0.225 0.249 0.200 0.645

(0.019) (0.034) (0.124) (0.141) (0.149) (0.150)
On Means Tested Benefits? 0.146 0.173 0.119 0.114 0.149 0.369

(0.040) (0.067) (0.049) (0.058) (0.075) (0.078)
Panel C - Wage Variables
In work? -0.200 -0.133 -0.206 -0.193 -0.173 -0.453

(0.020) (0.036) (0.053) (0.064) (0.072) (0.075)
Log Weekly Wage -0.490 -0.368 -0.419 -0.343 0.008 -0.509

(0.040) (0.075) (0.118) (0.185) (0.185) (0.157)
Log Hourly Wage -0.174 -0.141 -0.181 -0.202 0.071 -0.166

(0.022) (0.045) (0.085) (0.105) (0.116) (0.078)
Hours Worked per Week -7.756 -5.946 -7.875 -7.372 -3.469 -10.077

(0.717) (1.327) (2.075) (3.345) (2.857) (2.630)
Panel D - Partner Variables
Partner in Household? 0.000 0.068 -0.001 -0.005 0.015 -0.113

(0.018) (0.035) (0.053) (0.060) (0.074) (0.078)
Log Partner's Weekly Wage -0.146 -0.173 -0.119 -0.114 -0.149 -0.365

(0.040) (0.067) (0.087) (0.163) (0.126) (0.111)
Partner Post-Compulsory Schooling? -0.096 -0.138 -0.094 -0.088 -0.095 -0.221

(0.020) (0.036) (0.054) (0.064) (0.075) (0.079)
Panel E - Education Variables
Age Left Full-Time Education -0.663 -0.415 -0.201 -0.648 -0.142 -0.620

(0.052) (0.104) (0.114) (0.148) (0.193) (0.194)
Post-Compulsory Schooling? -0.205 -0.115 -0.128 -0.199 -0.010 -0.112

(0.016) (0.031) (0.047) (0.057) (0.061) (0.064)

Table 8. Impact of teenage motherhood  - 20 yr definition



(1) (2) (3) (4) (5) (6)
OLS OLS PSM PSM IV IV - Bound

bw = 0.01 bw=0.001 85% random
Full Sample Preg Sample Preg Sample Preg Sample Preg Sample Preg Sample

Panel A - Family Income and Composition Variables
Log Equivalised Family Income -0.389 -0.289 -0.275 -0.277 -0.050 -0.378

(0.032) (0.053) (0.081) (0.139) (0.141) (0.115)
Log Family Income -0.087 -0.029 -0.006 -0.032 0.115 -0.192

(0.033) (0.058) (0.090) (0.143) (0.151) (0.125)
McClements Equivalence Scale 0.353 0.296 0.312 0.314 0.177 0.340

(0.018) (0.032) (0.048) (0.078) (0.087) (0.081)
Number of Children 1.461 1.092 1.435 1.247 0.839 1.590

(0.039) (0.072) (0.155) (0.258) (0.287) (0.254)
Panel B - Benenfit Variables
Log Weekly Benefit Income 0.339 0.182 0.157 0.101 0.075 0.553

(0.026) (0.046) (0.155) (0.284) (0.244) (0.229)
On Means Tested Benefits? 0.274 0.248 0.199 -0.089 0.238 0.240

(0.067) (0.105) (0.066) (0.116) (0.114) (0.117)
Panel C - Wage Variables
In work? -0.184 -0.082 -0.183 -0.194 -0.173 -0.105

(0.027) (0.047) (0.069) (0.116) (0.105) (0.108)
Log Weekly Wage -0.464 -0.315 -0.277 -0.323 -0.125 -0.503

(0.060) (0.091) (0.165) (0.427) (0.298) (0.249)
Log Hourly Wage -0.196 -0.099 -0.071 -0.048 -0.040 -0.180

(0.029) (0.051) (0.107) (0.221) (0.157) (0.152)
Hours Worked per Week -5.820 -4.084 -5.601 -5.893 -2.999 -8.630

(1.128) (1.805) (3.147) (8.347) (4.690) (4.424)
Panel D - Partner Variables
Partner in Household? 0.003 0.072 -0.004 -0.002 -0.049 -0.195

(0.026) (0.045) (0.068) (0.111) (0.113) (0.116)
Log Partner's Weekly Wage -0.274 -0.248 -0.199 0.089 -0.238 -0.509

(0.067) (0.105) (0.174) (0.439) (0.270) (0.270)
Partner Post-Compulsory Schooling? -0.087 -0.064 -0.085 -0.092 0.051 -0.068

(0.028) (0.047) (0.070) (0.121) (0.114) (0.118)
Panel E - Education Variables
Age Left Full-Time Education -0.685 -0.318 -0.145 -0.686 0.190 -0.239

(0.062) (0.115) (0.146) (0.255) (0.191) (0.187)
Post-Compulsory Schooling? -0.210 -0.108 -0.087 -0.204 0.107 0.020

(0.021) (0.038) (0.054) (0.093) (0.073) (0.074)

Table 9. Impact of teenage motherhood  - 18 yr definition



(1) (2) (3) (4) (5) (6)
OLS OLS PSM PSM IV IV - Bound

bw = 0.01 bw=0.001 85% random
Full Sample Preg Sample Preg Sample Preg Sample Preg Sample Preg Sample

Panel A - Family Income and Composition Variables
Log Equivalised Family Income -0.311 -0.418 -0.340 -0.433 -0.208 -0.502

(0.033) (0.073) (0.126) (0.177) (0.136) (0.121)
Log Family Income -0.074 -0.165 -0.108 -0.187 -0.077 -0.349

(0.035) (0.081) (0.137) (0.193) (0.141) (0.130)
McClements Equivalence Scale 0.266 0.296 0.322 0.222 0.164 0.295

(0.015) (0.029) (0.048) (0.080) (0.053) (0.051)
Number of Children 1.201 1.276 1.177 1.194 0.847 1.370

(0.475) (0.098) (0.167) (0.260) (0.187) (0.180)
Panel B - Benenfit Variables
Log Weekly Benefit Income 0.296 0.221 0.221 0.242 0.151 0.581

(0.025) (0.051) (0.231) (0.345) (0.201) (0.205)
On Means Tested Benefits? 0.034 0.193 0.303 0.283 0.175 0.319

(0.045) (0.091) (0.093) (0.138) (0.097) (0.100)
Panel C - Wage Variables
In work? -0.172 -0.177 -0.165 -0.173 -0.238 -0.388

(0.025) (0.051) (0.092) (0.136) (3.534) (0.000)
Log Weekly Wage -0.448 -0.385 -0.348 -0.483 0.011 -0.571

(0.050) (0.110) (0.321) (0.511) (0.232) (0.195)
Log Hourly Wage -0.136 -0.093 0.047 -0.059 0.083 -0.195

(0.030) (0.079) (0.341) (0.421) (0.166) (0.112)
Hours Worked per Week -8.279 -6.413 -8.668 -8.445 -0.932 -8.157

(0.853) (1.834) (4.651) (8.325) (3.665) (3.534)
Panel D - Partner Variables
Partner in Household? -0.002 0.026 -0.003 0.004 -0.008 -0.140

(0.023) (0.050) (0.083) (0.132) (0.091) (0.094)
Log Partner's Weekly Wage -0.034 -0.193 -0.303 -0.283 -0.175 -0.423

(0.045) (0.091) (0.148) (0.370) (0.143) (0.139)
Partner Post-Compulsory Schooling? -0.084 -0.155 -0.084 -0.085 -0.070 -0.205

(0.025) (0.052) (0.097) (0.136) (0.102) (0.106)
Panel E - Education Variables
Age Left Full-Time Education -0.506 -0.357 -0.093 -0.531 -0.160 -0.696

(0.066) (0.156) (0.218) (0.388) (0.275) (0.279)
Post-Compulsory Schooling? -0.159 -0.063 -0.109 -0.158 -0.012 -0.121

(0.020) (0.045) (0.075) (0.125) (0.083) (0.086)

Table 10. Impact of teenage motherhood  - 18-20 yr definition
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