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1 Introduction

The twin population is large and, more recently, is growing. On a global scale, approximately
1.6 million twins are born each year, with one in every 42 children born a twin. The global
twin birth rate has risen by an astounding third over the past forty years (Monden et al., 2021).
One reason for this is that families are increasingly postponing parenthood. While the risk of
conception falls with age, the probability of twin conception increases because older women
have higher levels of the follicle stimulating hormone (Beemsterboer et al., 2006; Pison and
D’Addato, 2006). OECD figures indicate that the average age at first birth has risen by about
7 years since the 1970s, and 3.4 years since 2000. The other is the steadily increasing use
of fertility treatments, some of which reflects the decaying chances of conception associated
with delayed parenthood, but some of which reflects a rise in infertility even among younger
parents. Couple-level infertility, defined as failure to achieve pregnancy after 12 months or
more of regular unprotected sexual intercourse, is currently estimated at between 7% and
15% of all couples (Geyter, 2021; Ekechi, 2021). A meta-analysis of studies of the sperm
count of men (unselected on fertility) in western countries concludes that it has halved in the
last 40 years (Levine et al., 2017).

The phenomenon of twin birth has been leveraged across disciplines as a tool to advance
scientific knowledge. This chapter discusses research in economics that has used twin birth
to aid identification of causal effects. One strand of research in economics has leveraged
twin birth as a shock to fertility, an unexpected increase in family size, to pursue causal
identification of the impact of fertility on investments in children and on women’s labour
supply (Rosenzweig and Wolpin, 2000; Bronars and Grogger, 1994; Black et al., 2005). An-
other strand follows a tradition in behavioural genetics, demography and psychology, using
comparisons between the individuals in a monozygotic twin pair to purge genetic influences
on outcomes so as to assess the importance of nurture relative to nature (Polderman et al.,
2015), and to seek to understand the return to human capital measures by studying between
twin-differences, thus maintaining fixed genetics and home environments. This is not the
first chapter attempting to review research on twin birth but the chapter attempts to highlight
some of the challenges that prevailing methods face, and additionally, provide an overview
of empirical findings from models based on twins. Existing surveys in economics include
Rosenzweig and Wolpin (2000), Behrman (2015) and Kohler et al. (2011). Each of these

surveys has a different focus to this current survey. Rosenzweig and Wolpin (2000) pro-



vides a broader discussion of ‘natural experiments’ in economics, where twins are discussed.
Behrman (2015), the closest to this survey, focuses principally on describing the key methods
which involve twins. Kohler et al. (2011) review the relationship between the economic and

behavioral genetic approaches to the analyses of twins.

2 The Twin Instrument

Most research in economics that uses twin birth to instrument fertility studies impacts of
fertility either on child outcomes (most often education), or on parental outcomes (most often
women’s labour supply). Examples of studies using the twin IV to explain child outcomes
include Rosenzweig and Wolpin (1980b) and Hanushek (1992), while studies that use the
twin IV to study women’s labour market outcomes include Rosenzweig and Wolpin (1980a)
and Jacobsen et al. (1999). The motivation for attempting to identify causal relationships is
that there are empirical regularities in these relationships. In cross sectional and time-series
data, the number of children in a family tends to exhibit a negative association with both the
educational attainment of children and the labour market outcomes of women. However it
is plausible that this relationship is not causal, but reflects preferences- for instance, women
who have a preference for large families may have a preference for a career. This is why
a source of exogenous variation in the number of children a family has is required. Under

certain assumptions, the shock of twin birth provides this variation.

2.1 The Initial Set-up

In their pioneering research, Rosenzweig and Wolpin (1980a) used twin birth to study the
impact of fertility on women’s labour supply, and Rosenzweig and Wolpin (1980b) studied
its impact on investments in children. These papers use the ratio of twins to all births in a
reduced form specification, on the assumption of (conditional) exogeneity. They condition
upon maternal age and parity, as the biomedical literature has noted associations of twin birth
with these variables. The basic insight in the earlier reduced form approach was set out in an
instrumental variables (IV) strategy by Black et al. (2005) and this has been widely adopted

since.



2.1.1 Twins and Sibling Outcomes

The 2SLS model of Black et al. (2005) is laid out as follows: :

fertility;; = mo+mitwin + X,-'J-H + Vit (1)

Vij Bo +ﬁ1fertility,-j +X;jr+8ij 2)

The first stage consists of instrumenting fertility of mother i in family j with twin births
occurring to that mother.y;; is the outcome of interest, for example, the education of a child.
Observable controls X;; often include age and birth order. The question of omitted controls
potentially correlated with the instrument is discussed in section 2.2, and the outcome vari-

ables are discussed further in section and

Black et al. (2005) seek to address the problem that any fertility choices following the
birth of twins are potentially endogenous. Clearly a family is less likely to continue fertility
if they have had twins than if, at the same birth order, they have had a singleton birth, and there
is possibly endogenous heterogeneity across families with respect to fertility preferences and
fertility control. The solution they propose is to analyse outcomes for children born before the
potential twin birth. Treated siblings are those followed by a twin, while untreated individuals
are those followed by a singleton. To ensure that the treated and control samples are balanced
on birth order they propose estimating the model by the birth order at which the potential twin
birth occurs, and conditioning the sample on having at least as many children as are implied
by the particular birth order. For example, investments in first born children in families
with at least two births could be analysed (this is referred to as the 2+ sample), using as an
instrument for fertility an indicator of whether a twin vs a singleton was born at birth order
2. The outcome is always defined for children born before twins are born, but Table | lays

out the manner in which the analysis sample varies with the birth order at which twins occur.

If all families only had two birth events, the twin instrument would shift fertility upwards
by exactly one child. In practice, as families have heterogeneous preferences over their total
number of children, and families do not have full control over actual fertility, twin birth
tends to increase fertility by between 0.5 to 0.9 births, depending on the context and the birth
order at which twinning occurs. In high fertility environments, families who have twins at
a low birth order have ample time to adjust for the twin shock by reducing future fertility.

However, where low fertility is the norm, or else when twins occur at a higher birth order,



compensating changes in future fertility are smaller and twin births have a larger impact on

completed fertility, reflected in a larger first stage coefficient.

Table 1: Samples and instruments for IV based on twin birth

Sample Definition of Estimation Sample Instrument
“2+7 17 births in all families with at least 2 births Twin birth at birth =2
“3+7 157 and 2" births in all families with at least 3 births Twin birth at birth =3

“44 157, 2 and 379 birth in all families with at least 4 births  Twin birth at birth = 4
“K+” 1%, ..., (K-1)"" birth in all families with at least K births Twin birth at birth = K

Average causal response functions. As is the case with all IV estimates, estimates using
the twin instrument provide a Local Average Treatment Effect (LATE), ‘local’ to individuals
whose behaviour is changed due to the instrument. The implications of this in the case of
twins 1s now considered. Firstly, note that the rate of compliance (the share of individuals
who increase fertility owing to a twin birth) is high. As discussed previously, this compliance
can be summarised by the parameter 71 in equation |. If m;=1, this implies that all women
who have twins go on to have 1 birth more than women who do not, while if 7; < 1 this
implies that some proportion of women are always takers, and have the same number of

future births whether or not they have twins.

As noted by Angrist and Imbens (1995); Angrist et al. (2010), where the endogenous
variable of interest is multi-valued, rather than binary, the LATE must be cast in terms of the
variation which the instrument generates in the endogenous variable of interest. They refer
to these as Average Causal Response (ACR) functions. In the case of twins, this refers to
the variation in fertility af particular margins that is generated by a twin birth. Thus, where
the twin instrument refers to twins at birth order 2, the causal estimate which is recovered is
the impact that a twin birth has on future fertility. For some individuals, twin born at birth
order 2 may shift the total number of births from 2 to 3 while, for other individuals, they may
shift births from 3 to 4. These higher order shifts are likely to be more relevant the lower is a
woman’s control over fertility. The ACR functions can be estimated by regressing the indi-
cator for births at any particular birth order on the twin instrument. A visual presentation of
ACR functions provides a simple way to understand the variation in fertility generated by the
twin instrument. ACR estimates are provided, for example, in Angrist et al. (2010); Bhalo-

tra and Clarke (2020). The ACR describes the weighting functions over parities induced by



instrumental variation and this is useful if, as in Bhalotra and Clarke (2020), the researcher
wants to observe how the weighting function changes conditional upon a particular set of

controls.

2.1.2 Twins and Parental Outcomes

Equations 1-2 describe the canonical model used to estimate the impact of sibship size on
child outcomes. When the outcome of interest is a parental outcome such as the mother’s
earnings, or divorce, the analysis proceeds with a single observation for each family. The
analysis is now implemented at the level of the parent, so there are no sample restrictions but
the approach still allows the relationship to vary with the parity at which twins occur. This
model has been discussed by Angrist and Evans (1998) who cite, among earlier applications
(often implementing reduced form models), Rosenzweig and Wolpin (1980a); Gangadharan
et al. (1996) and Bronars and Grogger (1994). Angrist and Evans (1998) analyse the impact
of fertility on women’s labour supply, using the occurrence of twins at second birth as an

instrument for having at least 3 births. This model is estimated by 2SLS as follows:

Three Births; no + w1 Twins At Second Birth; + )~ + u; 3)

Labour Supply; Bo + B1Three Births; + ;6 +1; 4)

where equation 3 captures the first stage impact of twins at second birth, which implies at
least three births, and 4 captures the impact of a third birth on labour supply measures for the
mother (or father) i. In general, covariates x; include maternal age, age at birth, and child
gender. These models are estimated with the sample of families that have at least two births.
Applications, as well as extensions to other birth orders include, for example, Vere (2011)
(marginal changes at the second and third births), or Silles (2016); Zhang (2017) (marginal
changes at the first, second and third births). They can be extended to study impacts of the
marginal birth at higher parity, but note that these models do not allow us to study impacts of

extensive margin fertility i.e. impacts of first birth on parental outcomes.



2.2 Identification Challenges

Identification of the impact of fertility on parent or child outcomes using the twin instrument
requires that, conditional on observable characteristics, twinning is as good as random. More-
over, twin birth must not affect the outcome (investment in children, child human capital or
parental labour supply, for instance) beyond its impact on fertility. This is the exclusion re-
striction. Early papers in the twin IV literature including Rosenzweig and Wolpin (1980a,b)
allow that twinning depends upon maternal age and parity, in view of biological evidence of
this (Hall, 2003; Bulmer, 1970). As these are typically observable, they are controlled for
in the 2SLS procedure. Another widely recognized determinant of twinning is assisted re-
productive technology Braakmann and Wildman (2014, 2016); Farbmacher et al. (2018). As
discussed later in this paper, the risk of twin birth has stood in the region of 25-30% during
the double embryo transfer regime of in vitro fertilization (IVF), compared with a global rate
of 2-3%. Again, where use of IVF is observable, this can be included as a control. Alter-
natively, identical (Monozygotic, or MZ) rather than non-identical (Dyzygotic, or DZ) twins
can be used to instrument fertility given that fertility treatments only increase the likelihood
of DZ twinning (Farbmacher et al., 2018).

However, more recently, twinning has been shown to depend upon maternal health. This
violates the assumption that twin birth is quasi-random. Using data on almost 17 million
births in 72 countries, of which 462,246 (2.73%) are twins, Bhalotra and Clarke (2019) show
that the mothers of twins are selectively healthy. They demonstrate that this is the case using
sixteen different markers of maternal condition, including health stocks and health conditions
prior to pregnancy (height, obesity, diabetes, hypertension, asthma, kidney disease, smok-
ing), exposure to unexpected stress in pregnancy and measures of the availability of medical
professionals and prenatal care. The underlying mechanism, which the authors test, is that
twins are more likely than singletons to suffer miscarriage and more so when maternal health
is challenged. So, even if twin conceptions are random, healthier mothers are more likely to
be able to carry twin conceptions to term. The effects are sizable, with a 1 standard devia-
tion improvement in the indicator tending to increase the likelihood of twinning by 6—12%.
This is important because it is virtually impossible to observe all relevant aspects of maternal
health. To take a few examples, fetal health is potentially a function of whether pregnant
women skip breakfast (Mazumder and Seeskin, 2015), they suffer bereavement in pregnancy
(Black et al., 2016), or they are exposed to air pollution (Chay and Greenstone, 2003). The



authors further show that maternal health is potentially correlated with the outcomes of po-
tential interest. As a result, estimates obtained using the twin instrument are biased. Notably,
the twin IV bias is positive, while the OLS bias that motivates the search for an instrument
is negative. Bhalotra and Clarke (2020) show that, given the power of the twin instrument,

credible bounding exercises can be conducted, and the direction of bias determined.

While Bhalotra and Clarke (2019, 2020) highlight that mothers of twins are selectively
healthy, Rosenzweig and Zhang (2009) highlight that twins have weaker health endowments
at birth. Although this is widely known, Bhalotra et al. (2022) study population-level impacts
of a sharp policy-driven drop in the share of twin births in Sweden to profile the fact of lower
endowments of twins using a range of measures of health at birth. They refer to evidence from
other studies that parents often respond to differences in endowments across their children by
acting to reinforce or compensate. They find reinforcing behaviour in China. Bhalotra and
Clarke (2020) find that parents in developing countries and in the US reinforce endowments
in their breastfeeding behaviour. Using information on the extent to which parents read with
their child, which is only available in the US (in the NLSY), they find that the reading in-
vestments of college-educated mothers tend to compensate endowments. Rosenzweig and
Zhang (2009) argue that any impact of twin birth in the family on children born before the
twins might then reflect not the added child (fertility) but re-allocation of resources across
children in response to having children with weak endowments. Research using the twin in-
strument should investigate controls for maternal health and child health endowments but as
these some part of these factors will always be unobservable, partial identification methods
provide a way forward Bhalotra and Clarke (2020); Rosenzweig and Zhang (2009). As twin-
ning is a relatively infrequent outcome, and IV procedures have wide confidence intervals
generally, even when using survey data, surveys need be large to achieve reasonable power

in IV models.

2.3 Extensions and Limitations

Power limitations. This approach has been extended in more recent work. A common
weakness of the IV approach is that twin births are relatively infrequent at 2-3 percent of
all births, and there are well known challenges in conducting inference in 2SLS models with

large standard errors. Thus making progress with the parity-specific approach relies upon



access to large data sets. In an attempt to address this limitation, Angrist et al. (2010) demon-
strate how the researcher can pool the parity-specific samples to achieve the power to detect
effects. They document that if one assumes a common causal (ie linear) parameter on fertility,
then a residualised version of the twin-instrument, conditioning on parity-specific controls,
will be independent of fertility provided the same assumptions are met as in parity specific
twin-IV models, even if now pooling across various parity-specific groups. A different is-
sue is raised in Mogstad and Wiswall (2012), who note that this pooling process proposed
by Angrist et al. (2010) will only be valid if the relationship between twinning and included
controls is linear. They offer a non-parametric refinement to the Angrist et al. (2010) pooling
process which loosens the linearity assumptions, and hence is robust to this problem. Precise
proposed estimation procedures are laid out in Angrist et al. (2010); Mogstad and Wiswall
(2012).

Allow non-linearity in birth order. In a further innovation Mogstad and Wiswall (2016)
relax the assumption of linearity in the effects of additional births on family size to allow that
the marginal birth at different birth orders may have different implications for the outcomes.
For instance, scale economies or scale diseconomies are unlikely to evolve linearly with the
number of children a family has. In practice, moving from two births to three births may
imply very different family responses then moving from three births to four births, in which
case linearity would be an unreasonable assumption. Their estimator replaces the single
endogenous fertility measure instrumented by twins at a particular birth order with a range
of measures of family size exceeding specified thresholds, allowing twins at different birth

orders to move family size differently across the different thresholds.

The twin instrument does not identify impacts of extensive margin fertility A limita-
tion of the twin IV approach is that it cannot deliver estimates of extensive margin impacts
of fertility, that is, the impacts of a first child. A twin birth at birth order 1 increases fertil-
ity from one to two children while a twin birth at birth order 2 increases fertility from two
to three children. Twin births cannot illuminate the consequences of having a child vs no
child. Yet the extensive margin is important. A number of studies reveal that women’s earn-
ings and employment rates start to deviate from those of men (of similar age and education)

after their first birth. Moreover, women’s earnings do not fully recover, registering a child

10



penalty as long as ten years after the first birth. Additional births may modify this but their
impact appears to be relatively small. In fact another commonly used instrument for fertility
is similarly restricted to providing estimates for intensive margin impacts. This is the sex mix
instrument, defined on the gender of the first two (or three) children. It acts as an instrument
for fertility on the premise that most families have a preference for one son and one daughter.
Thus, a family with two children of the same gender is more likely to have a third child than a
family with two children of opposing gender. The first application was to US data by Angrist
and Evans (1996), but it has been born out in a few settings, with the first stage for the sex

mix instrument tending to be strong.

Recent approaches to identifying impacts of extensive margin fertility are now discussed.
In a study using the entire population of Danes rather than the IVF population, Kleven et al.
(2019b) propose that impacts of first child birth on parental earnings and employment can
be identified from idiosyncratic variation in birth timing across women, conditional upon co-
hort and year fixed effects. The counterfactual for a woman giving birth at, for example, age
22, is a woman of the same birth cohort who gives birth at a later age such as, for instance,
age 25. A number of studies, in a range of countries, have replicated their main finding,
which is of a large and highly persistent child penalty on the earnings and other labour mar-
ket outcomes of mothers but not fathers, see for instance, Berniell et al. (2021); Andresen
and Nix (2022), although see Bhalotra, Clarke and Nazarova (2022) for a discussion of the
assumptions underlying the model of Kleven et al. (2019b).

With a view to identifying impacts of the birth of a first child, Lundborg et al. (2017)
rely upon the chances of success with IVF procedures being idiosyncratic, or uncorrelated
with family characteristics. Using Danish administrative data and restricting the sample to
women who undertake IVF, they use the binary IVF success indicator as an instrument for
whether the woman has one child or no child. They find a significant impact of having a child
on women'’s earnings, larger than the median intensive margin impact in the literature. They
argue that their results generalize to the wider population. However, 25% of women who
give birth with IVF give birth to twins (and the average increment in fertility in the sample is
thus 1.25, not 1). Thus their estimate of extensive margin fertility impacts is combined with

the impact of having twins at birth.

Using Swedish administrative data Bhalotra et al. (2022) also focus on women under-

taking IVF. They leverage a policy reform effective from 2003 that mandated single embryo
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transfer for IVF, against the default of double embryo transfer. The reform led to a precipitous
drop in the share of twin births from about 30% to 5% and, by 2018, it had fallen to 2.54%,
which is one of the world’s lowest twin birth rates among IVF users. They identify impacts
on a number of outcomes including women’s earnings. Their objective is not particularly
to identify impacts of extensive margin fertility but they do provide estimates for women at
first parity, for whom the estimated increase in earnings reflects the impact of having one
child rather than two. In other words, they estimate impacts of a decrement in fertility by one
child. However, now the impact of having one less child is not separable from the impact of

twins (or of two children with no birth spacing).

The twin instrument cannot identify the impact of fertility on younger siblings. The
fact that the twin instrument does not allow for the consideration of impacts of high fertility
in a family on the later born children (in cases where the later born are born after twins)
is a limitation. In practice, it may be that later-born children are most affected, be it by
time or financial constraints imposed by having a larger number of siblings, or by learning
from older siblings. This is discussed by Rosenzweig and Zhang (2009), who note also
that twin births themselves are excluded from the estimation sample. A child may suffer
lower parental investment on account of being born with a twin, and this may influence their

eventual educational outcomes, but the twin instrument has nothing to say on this.

Twin instrument estimates are sensitive to the birth interval preceding twins and the age
at which sibling outcomes are measured. As discussed earlier, when twins are used as an
instrument the estimation samples are constructed to isolate potentially exogenous variation
in fertility. Specifically, twinning at birth order K is seen as a shock, and the outcomes
potentially impacted by the shock are of children born before twins, at birth orders 1, ..., K —
1. Thus, the twin instrument allows us to identify the impact of higher order (later) fertility
on earlier born children. However, what is often not made explicit but is relevant is that the
exposure of an earlier-born child to the marginal birth (the fertility shock) will be decreasing
in the birth interval between the two siblings. For instance, if a family has twins when their
first born child is age two, this child may experience a different (possibly larger) decline in
parental inputs than if the child was age six when the twins were born. The estimated impact

of a marginal birth, stemming from having twins, may further depend upon the age at which
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the outcome of the older sibling is observed. Investments in a newborn such as breastfeeding
are often quite different from investments in a toddler, but later life investments, being more
similar, may be more complementary. For example parents can read jointly to children age
3 and 5.

Turning to the case of fertility impacting parental labour market outcomes, many moth-
ers are entitled to maternal leave, and many take further time out when the child is young.
The impact of fertility on women’s earnings is likely to be attenuated after this period, as
formal childcare and school provision become available. When studying impacts of fertility
on parents, Angrist and Evans (1998); Aaronson et al. (2020) focus exclusively on women
of relatively young children, who can be linked to their parents through census microdata.
Often papers stratify by the time since childbirth, see for example Vere (2011); Zhang (2017);
Silles (2016) (among others). More recently, Kleven et al. (2019b) study dynamic impacts of
first birth on women’s earnings, profiling both short and long-term impacts of fertility. The
evidence indicates that women’s earnings never recover from motherhood, with the penalty

10 years after birth being as large as 20—40% in many countries (Kleven et al., 2019b,a).

The studies of impacts of fertility on sibling outcomes vary in the age at which sibling
outcomes are measured, and their results must be understood in terms of the sample studied.
Black et al. (2005); Angrist et al. (2010) observe children at the end of their formal schooling
period, and as such estimate impacts on human capital achievement at adulthood. Other pa-
pers, such as Bhalotra and Clarke (2020) consider impacts of fertility on school age children,
and as such estimate impacts of fertility on a flow measure of human capital. Some studies,
for instance, (Baranowska et al., 2017), consider other outcomes like survival and this can
be measured to the end of an individual’s life or, as is common in poor countries where child

mortality is high, as survival to age five.

3 Between-Twin Models

Twin births have also served a different purpose in research by economists, which is to hold
constant genetic and family endowments in order to isolate the role of factors such as edu-
cation or birth weight that vary within twin pairs. In their review Rosenzweig and Wolpin

(2000) suggest that the earliest presentation of earnings differentials based on twins dates
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to Behrman and Taubman (1976). Early modelling considerations based on within-twin and
within-family designs are discussed in Goldberger (1979). Early studies including Behrman
and Taubman (1976, 1989); Ashenfelter and Krueger (1994); Behrman et al. (1996); Ashen-
felter and Rouse (1998); Rouse (1999) study the impact of education on labour market suc-
cess. More recent papers have sought to estimate returns to education in other dimensions,
such as health (Amin et al., 2013; Behrman et al., 2015; Lundborg, 2013), or children’s edu-
cation (Behrman and Rosenzweig, 2002), or returns to health, often health at birth (Behrman
and Rosenzweig, 2004; Behrman et al., 2011; Royer, 2009).

3.1 The Basic Set-up

Consider the relationship between an outcome y;; and an independent variable of interest x;;
which varies between children i in family j. Pooling observations over children and families,

one could estimate a linear model of the form:
Yij = Bo + B1xij + Wiy + 1 (5)

where n;; refers to an unobserved error term, and w a vector of individual or family-level
controls. Estimating 81 by OLS on pooled data would lead to unbiased estimates only in the
quite restrictive case where—conditional on included controls w;;—the dependent variable
x;; 1s independent of unobserved factors 7;;. In the case where x;; is an endogenous variable
expected to depend on both family and genetic factors, twins can potentially offer a way for-
ward. To see this, write the unobserved error term from equation 5 as a function of family or
household characteristics (/;), genetic factors (g;;), and an additional unobserved component
(ui):

nij = f(hi, gij) + ;. (6)

In equation 5, the composite error term will result in estimation bias if any unobserved factors
are correlated with both the dependent and independent variables. For example, in the case
where x;; refers to educational attainment, and y;; to labour market outcomes, family-level
measures such as parental investment in children are likely to be positively correlated with
both educational and labour market outcomes, generating a positive bias in the estimated

coefficients.
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Data on twins can help address this bias. Provided that twins live in the same household
and have identical genetic endowments, /; is a common term, and g;1 = g;o, where j € {1, 2}
refers to the two children with a twin pair. A within-twin transformation of equation 5 can

be written as:

yi2 = yit = B(xi2 = xj1) + (w2 — win) 'y + (wj2 — uin), (7)

where consistent estimation now no longer requires that x;; be independent of family-level
and genetic endowments, but only that within twin pair differences in x;; are conditionally in-
dependent of within-twin pair differences in unobservables which are not captured by genetic

or household fixed effects.

The assumption of identical genetic endowments is only reasonable for monozygotic
(MZ) twins. Dizygotic (DZ) twins share only 50% of their genetic material, see Taubman
(1976b) for a nice early discussion of this. Along this spectrum, differencing across sib-
lings who are not twins will remove some common family-level factors, such as access to a
clinic or parental mental health, but their genetic endowments will of course not be identical.
Thus, where controlling for genetic endowments is important, for example, where they rep-
resent elevated risk of a chronic disease, within-twin models offer cleaner identification than
within-sibling models. Differencing the relationship of interest between the two individuals
in a twin pair purges common genetic determinants. This is, of course, only useful if genetics
are a relevant omitted variable, that is, if genes are correlated with both the outcome and the

independent variable of interest

3.2 Identification Challenges

The twin fixed effects approach encounters a number of identification challenges. These in-
clude concerns relating to power, measurement error, potential confounders which remain
after taking within twin transformations, potential family responses to twinning that compli-

cate unbiased estimation, and the generalizability of the estimates.

Power limitations. A potential weakness of the between-twin strategy is that it may be
under-powered. Identification relies upon differences between the individuals in a twin pair,
which are often relatively small. For example, researchers have used the between-twin es-

timator to estimate causal impacts of birth weight on human capital outcomes (Bharadwaj
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et al., 2018; Royer, 2009), but it is uncommon that twins have substantially different birth
weights. Similarly, the observed difference in education between twins is not large, estimated

at 1 year by Savelyev et al. (2022), using the Minnesota Twins Registry.

When differencing within twin pairs, estimation will be driven off the (generally) small
difference between twin pairs, and this will magnify the importance of measurement error,
leading to a potentially substantial attenuation bias and the bias is increasing in the within-
pair correlation (Griliches, 1979; Rosenzweig and Wolpin, 2000). This is a concern given
that within-twin correlations in outcomes are generally very high. For example, Behrman
and Rosenzweig (1999) report correlations of schooling at 0.74 within identical twin pairs,
similar values are reported in Ashenfelter and Rouse (1998) and birth weight is also highly
correlated within twin pairs Royer (2009); Almond et al. (2009). Ashenfelter and Krueger
(1994) proposed a way to avoid much of the burden of this problem, which is now widely
adopted. They proposed using reported differences in the independent variable of interest re-
ported by each twin, and using a 2SLS procedure where the within-twin difference reported by
one twin pair is instrumented using the within-twin difference reported by the other twin pair.
This method recovers consistent estimates even if measurement error is correlated between
twin pairs (Ashenfelter and Krueger, 1994). This proposal has influenced the collection of
large twin datasets, and an instrumental variables approach based on a similar logic, such as

reports from the children of twins (Behrman et al., 1994).

Twin differences may be correlated with the outcome. Another challenge to identifica-
tion is that confounders often remain after twin-differencing. Even if twins have a different
realization of the independent variable (education or birth weight for example), this differ-
ence must truly be random. While this may be the case, for example if one twin is randomly
assigned to better teachers (Lundborg, 2013), or a differential position in the womb leading
to different nutritional intake (Black et al., 2007; Almond et al., 2005), there are reasons to
think that this may not necessarily be the case. For example, congenital malformations may
be correlated with both birth weight and later life outcomes (Royer, 2009), or accidents dur-
ing childhood may lead to lower schooling and lower labour market returns. Such biases
may be considerable (Bound and Solon, 1999; Neumark, 1999). For example, Sandewall
et al. (2014) note that if one considers measures of IQ during adolescence, twins with more

education typically have higher 1Q, and controlling for this reduces estimated returns to edu-

16



cation by around 15%. If such factors can be observed and controlled for, unbiased estimates
can be recovered, but if factors are inherently unobservable (for example ability differences

within twins), in the best case only partial identification can be achieved (Neumark, 1999).

Behavioural responses of parents. Another concern, somewhat related to the previous
point, is that twins themselves or their families may respond to twin-specific realizations of
the independent variable. For instance, the twin with a weaker endowment may work harder
to compensate, or the parent may seek to implement intra-family transfers to either compen-
sate or reinforce the individual twin endowment. These behavioural responses may invalidate
a causal interpretation of parameters. A biological mechanism which for within-household
feedback between twins is noted in Biitikofer et al. (2019), though, more generally, there is
scope for behavioural mechanisms. There is evidence of parental investments being com-
pensatory (Bharadwaj et al., 2018; Savelyev et al., 2022), which will attenuate estimates of
any returns to the endowment being studied, as parents will endogenously cushion the blow
of a weaker endowment, at the cost of those with a stronger endowment. However, other
studies identify reinforcing behaviour, and whether parents compensate or reinforce tends to
vary with whether the outcome is heath or education (Yi et al., 2015). It makes sense that
compensating low birth weight by for instance breastfeeding or nourishing the child could
achieve the basic parental desire to ensure child survival. At the same time, parents might
reinforce innate ability either because the cost of effort is lower, or potential returns higher.
This behaviour may, plausibly, vary with the mother’s education (Bhalotra and Clarke, 2019).
The relevant literature is surveyed in Almond and Mazumder (2013) and Currie and Almond
(2011). Overall, the evidence suggests that while parents may compensate or reinforce be-
tween non-twin siblings, they treat twins more equally essentially because many investments
in twins are naturally shared (such as reading a book together) (Royer, 2009; Bharadwaj
et al., 2018; Currie and Almond, 2011). This appears to be the case even in studies where
the birth endowment is held constant using gene-realizations that are fixed at conception
(Sanz-de Galdeano and Terskaya, 2019). In general, understanding how endowment differ-
entials emerge, and if these result in unobserved responses within families even conditional

on shared genes, is a key question which must be addressed should causal effects be argued.
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Representativeness of between-twin estimates. It was discussed above that differences
in the independent variable of interest between twins are often small. In addition to rais-
ing the risk that the estimates are imprecise, this has implications for interpretation of the
estimates. In particular, if twins are more likely to have low or high realizations of the inde-
pendent variable of interest (for example, twins do have lower birth weight than average), the
between-twin estimator is not informative of the impacts of potential changes in the areas of
the distribution in which little variation is observed (eg high birth weight). This is, of course,
only a concern if the relationship of interest is non-linear. However, this is often the case-
returns to a marginal increase in education will tend to depend upon the baseline level of
education, and returns to an increment in birth weight may be life-saving if they occur in the
lower regions of the baseline distribution of birth weight, and of no particular consequence

if they occur in the region of normal birth weight.

Another issue to note is that twins are not representative of the population, either in their
own observable characteristics (see for example Almond et al. (2005); Bhalotra et al. (2022)),
or in terms of their mother’s endowments (Bhalotra and Clarke, 2019). As fertility treatment
rates are on the increase, twins will increasingly be over-represented among families that
have undergone IVF or other assisted reproductive techniques (Beral et al., 1990; Braakmann
and Wildman, 2016; Farbmacher et al., 2018), families in which parents are often older and
more educated than in the general population. This does not challenge internal validity but it
does mean that the onus falls upon the researcher to demonstrate external validity. However,
concerns over external validity of the twin-differencing approach are only relevant if the
return to characteristics is different between twins and others (Lundborg, 2013). Discussion
of these and related considerations is in Boardman and Fletcher (2014); Amin et al. (2014a,b),
and Blanchflower and Elias (1999) who suggest considerable caution in interpretation of

within twin results.

4 The Evidence

Without attempting to be comprehensive this section reviews the evidence in the literature

using twins to aid identification.
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4.1 Family Trade-offs

Family size and parental labour market outcomes The evidence emerging from twin-IV
estimators seeking to estimate the impact of child birth on labour supply are now considered.
Early work in this domain used US census microdata. Bronars and Grogger (1994) and Ja-
cobsen et al. (1999) use samples from the 1970 and 1980 US census, while Angrist and Evans
(1998) use the 1980 and 1990 census. Jacobsen et al. (1999) primarily report reduced form
estimates of twin birth on labour supply decisions, hours worked per week, weeks worked
per year and earned income, finding large impacts up to around 4 years after birth, however
insignificant impacts thereafter. Bronars and Grogger (1994) compare unmarried women
who first gave birth to twins with unmarried women whose first birth was a singleton, and
interpret the difference as the impact of unplanned birth. They find adverse impacts in the
short term on the mother’s labour-force participation, poverty, and welfare dependency (and
not so among married mothers). Moreover, while most of the adverse economic effects of
unplanned motherhood dissipate over time for white women, they are larger and more persis-
tent among black women. Bhalotra et al. (2022) similarly consider the dynamic impacts of
twin vs singleton birth, adapting the estimator of Kleven et al. (2019b). They identify short
run penalties on mothers’ careers that do not persist beyond two years, alongside positive

impacts on father’s careers in Sweden.

IV results reported by Angrist and Evans (1998) focusing on women aged 21-35 suggest
that a third birth reduces labour supply at both the intensive and extensive margins (by 8% in
terms of participation decisions), as well as total labour income, with no significant declines
observed among husbands. Other later papers similarly work with these data — Caceres-
Delpiano (2006) documents adverse impacts of child birth on mother’s LFP and divorce
(related to child investment decisions discussed below), and Vere (2011) extends the analysis
to examine effects at higher birth orders, on fathers, allowing rich dynamic effects over time

since birth, and calendar time.

Further studies have analysed data from other countries. Caceres-Delpiano (2012) pro-
vide results for 40 developing country samples covering Africa, Asia, and the Americas,
broadly finding that child birth results in declines in women’s labour market participation, and
the types of work done by women, noting heterogeneity by birth order. Silles (2016) studies
child penalties in the UK, using pooled survey data from 1986-2009 and again finding large
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effects of childbearing on women’s labour supply and earnings when children are younger
(aged 13 and below), which are rendered insignificant when children are older, across birth
orders 2-4. In the UK sample, in a methodological advance Braakmann and Wildman (2016)
note that these results broadly hold if controlling for fertility treatments, once again noting
declining impacts of marginal births over time. Zhang (2017), study labour force participa-
tion in Taiwan, showing broadly similar patterns of dynamic effects over time, but noting

that fertility has no additional impact on participation at higher birth orders.

A study of particular note as it provides results over a considerable time frame and geo-
graphic range is Aaronson et al. (2020). Using data from 441 census waves and surveys from
103 countries between the years 1787-2015, they study the impact of fertility on the labour
supply of mothers aged 21-35. Based on a twin IV strategy, they document (among other
results) trade-offs from having a third birth which are largest in high income settings, while

small and often indistinguishable from zero in low income settings.

While the discussion here focuses on the many studies of labour supply and earnings
of mothers and fathers, there are studies of marriage decisions, welfare receipt and future
educational outcomes (Bronars and Grogger, 1994), while Caceres-Delpiano (2006) notes
impacts on divorce. A quite different focus is that of the effects of family size on siblings,

which are turned to now.

Family size and investment in children Both cross sectional and time series data have,
historically, suggested a negative relationship between family size and child outcomes. Yet
more credible evidence based on large microdata bases points to small or insignificant re-
sults when estimating the impact of family size on indicators of children’s human capital.
For instance, using the twin instrument, Black et al. (2005) find no impact of fertility on edu-
cational attainment in Norway, and Angrist et al. (2010) similarly find no evidence of a trade
off for educational and labour market outcomes in Israel. Interestingly, Black et al. (2005)
find large birth order effects. In particular, second-borns have lower attainment than first
borns, and so forth, without there being an additional impact of the total number of children
born . A broadly similar pattern of results has been documented in other settings where the
twin estimator has been used, for instance, Fitzsimons and Malde (2010) (Mexico), Céceres-
Delpiano (2006) (USA), Li et al. (2008) (China), Dayioglu etal. (2009) (Turkey) and Ponczek

and Souza (2012) (Brazil). In certain settings, significant effects emerge in certain groups,
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such as rural families in China, or girls in Brazil (Li et al., 2008; Ponczek and Souza, 2012),

though these are not consistently observed across groups.

Against this backdrop, more recent papers that revisit properties of the empirical speci-
fication suggest that a significant trade-off may actually exist. Mogstad and Wiswall (2016)
note that zero average effects may actually be hiding significant non-linear trade-offs as fertil-
ity levels change. Based on evidence from Norway, they suggest that strong positive effects
of fertility may exist at low birth orders (eg when moving from 2 to 3), but that these will be
substantially reversed at higher parity (eg when moving from 3 to 4 and above). A second
contribution comes from work suggesting how one can account for potential non-randomness
of twin birth, to correct the downward bias that appears to be captured in earlier work. Farb-
macher et al. (2018), who adjust for use of artificial reproductive technologies. As discussed
earlier, Bhalotra and Clarke (2019) show that twin conceptions are more likely to survive
when mothers are healthier or in a more health-supportive environment during pregnancy.
They show that ignoring this, as most studies have done, results in an upward bias (towards
zero) in estimated fertility-investment trade-offs. Implementing partial correction for twin
selection and using partial identification (bounds) estimates and large samples of microdata,
Bhalotra and Clarke (2020) find significant trade-offs in education measures in linear IV
models in both a US and developing country sample, and similarly document non-linear
trade-offs similar in nature to those described in Mogstad and Wiswall (2016). Finally, as
also indicated earlier, other work considers that trade-offs may be obscured if parents react to
children’s stocks, potentially compensating or reinforcing based on their endowments, with
implications for observed trade-offs if focusing only on certain sub-samples with a family.
Rosenzweig and Zhang (2009) note that as twins generally have lower birth-weights than
non-twins, and as IV models often generally focus on pre-twin births only, this could lead
to attenuated estimates of a trade-off if parents reinforce initial endowments. They find evi-
dence suggestive of this in a survey in rural China, with results consistent with a significant
trade-off in educational and health measures if focusing on averages over all children in the

family.

Depending upon available data and the particular research question, previous studies use
either parental investment or child outcomes as a measure of child quality. Estimates based
on census data or registry data, such as those provided by Black et al. (2005); Angrist et al.
(2010); Mogstad and Wiswall (2016); Aslund and Grénqvist (2010); Li et al. (2008) fre-
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quently by necessity focus on outcome measures such as completed education, grade com-
pletion, or salaries during adulthood. Studies using principally survey-based data, such as
Bhalotra and Clarke (2020); Rosenzweig and Zhang (2009) can often additionally exam-
ine measures to capture parental investment behaviour, such as breastfeeding duration, time

spent reading, and so forth.

While most papers in this literature focus on educational outcomes or investments as
principal measures of children’s human capital, there are a number of results which focus on
other human capital measures. Children’s health stocks have been considered, for example
by Bhalotra and Clarke (2020) who observe health during childhood. A more long term
measure is that of Baranowska et al. (2017), who find relatively little evidence to suggest that
marginal fertility movements owing to twins affect mortality of men or women in Sweden.
A quite a different measure is considered by Kolk (2015), who considers intergenerational
transmission in fertility, studying how twins shape sibling fertility decisions, and finding that
larger families, owing to twins, do indeed spillover into childbearing of twin siblings in future

generations.

A brief summary of a range of other papers in this line, the context studied, the outcome

measures considered, and their data sources is described in Table 2.
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4.2 Twin Pair Fixed Effects

Within-twin estimates of the return to health A broad range of studies have examined
the impact of differential health stocks at birth on outcomes through childhood, adulthood,
and in to the next generation. These studies leverage differentials in some measure of health
at birth, while maintaining fixed maternal and home environments to isolate effects of early
life health throughout later life. Generally this is captured by birth weight — necessarily owing
to changes in fetal growth rate given that gestational length is virtually identical within twin
pairs. However, as discussed below, other measures have also been used, such as intra-
uterine growth rates, which is birth weight divided by gestational length, though given fixed

gestational lengths, these measures capture largely similar underlying differentials.

Early examples of such models based on birth weight are from Almond et al. (2005)
and Black et al. (2007), and based on intra-uterine growth are from Behrman and Rosen-
zweig (2004). Almond et al. (2005), based on the sample of twins born in the US between
1983-2000, find that birth weight has important returns in the short term. From within-twin
models, they estimate that a one standard deviation in birth weight results in 8% of a standard
deviation decline in hospitalization costs at birth, 5% of a standard deviation decline in birth
weight, and 3% of a standard deviation increase in the 5 minute APGAR score. Behrman
and Rosenzweig (2004) consider longer term outcomes, using a sample of female twins from
the Minnesota Twin Registry to examine the impact of size at birth (birth weight/gestation)
on adult outcomes capturing schooling, height, and wages, and for a subset, on impacts on
birth weight of their own children. They find large impacts, for example within-twin pairs, a
1 pound increase in birth weight is estimated to increase adult earnings by 7%, and schooling
by one third of a year, but do not find substantial impacts on adult BMI, or on transmis-
sion of birth weight to the next generation of children. Black et al. (2007) use register data
from Norway covering birth cohorts from 1967-1981, and examine both short and long-run
outcomes. They find significant impacts on short run (eg infant mortality) and long run (eg
height, wages, 1Q, and education) outcomes. Black et al. (2007), in their section II.A, addi-
tionally provide a nice discussion of why birth weight differs between twins, which is fre-
quently referenced in subsequent literature. Among other noteworthy results, they find that
a 10% increase in birth weight results in a 1 percentage point (pp) increase in the likelihood
of completing high-school, a 3pp increase in the likelihood of working, and 1% increase in

wage income.
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More recent studies have documented results in a diverse range of settings, with outcomes
which can be broadly defined as (a) early life or later life health outcomes, (b) educational
outcomes later in life, (c) labour market or socioeconomic status, and (d) inter-generational
impacts. Frequently, studies document impacts of differences in health endowments at birth

over various of these outcome groups in a single setting.

Beyond the results of Black et al. (2007); Behrman and Rosenzweig (2004); Almond
et al. (2005), all of which examined health outcomes at certain points in life, a number of
other studies document impacts on health outcomes. Oreopoulos et al. (2008) documents
mortality declines both within 1 year, and until at least 17 years of age using a sample of
Canadian administrative data. Conley et al. (2003) document substantial impacts of greater
birth weight on reduced infant mortality. Royer (2009), based on data from birth certificates
in California, notes impacts on health in a number of dimensions, including infant mortality
and complications during pregnancy later in life if the individual becomes a mother. The
aforementioned results all come from high income countries, though McGovern (2019) finds
that results are if anything larger in developing countries. Pooling data from the Demographic
and Health Surveys covering 66 countries, McGovern (2019) finds large effects of marginal
increases in birth weight, particularly low in the distribution of birth weight, on infant mor-

tality, stunting, wasting and a number of other measures of health.

On education, results from a broad range of settings point to positive and substantial re-
turns to early life health when considering measures of educational attainment later in life.
This includes results from USA (Figlio etal., 2014; Royer, 2009), Chile (Torche and Echevar-
ria, 2011; Bharadwaj et al., 2018), Canada Oreopoulos et al. (2008), Australia Miller et al.
(2005) and Norway Black et al. (2007). For example, recent evidence, from Figlio et al.
(2014) on a large sample of twins (~15,000) from administrative data covering all births
between 1992-2002 in Florida estimates large results of the returns to early life health on
schooling outcomes. They find that a 1 kilogram increase in birth weight in twin FE models
is estimated to increase scores on standardized tests by 18.7% of a standard deviation. They
note that these results are similar in all types of demographic and socioeconomic groups, in-
cluding when stratifying by immigrant status, educational level, race and ethnicity, child’s
gender, and mother’s age at child birth, among others. They also find quite stable results
when estimating returns to marginal changes in birth weight across the birth weight distri-

bution, and when considering impacts by the degree of birth weight discordance within twin
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pairs.

A small number of studies suggest results in other socioeconomic measures. For example,
Oreopoulos et al. (2008) finds that greater birth weight is associated with reduced dependence
on the social safety net, both in terms of welfare take-up in Canada, and the number of months
for which an individual receives welfare payments. Additionally, positive labour market
effects of indicators of health at birth are found in Black et al. (2007) (employment and

earnings in Norway), and Rosenzweig and Zhang (2009) (wages in China).

Finally, a small number of papers have touched on transfers of health stocks at birth
into outcomes of the next generation, when working with samples of female twins. In early
work, Behrman and Rosenzweig (2004) have one set of results examining this, finding a
lack of transmission when the focusing on within-twin mother differentials in intra-uterine
growth rate. However, more recently, based on a larger sample of births from California
which children and mother birth certificates, Royer (2009) finds evidence of substantial inter-
generational spillovers in health at birth. Estimating within-twin models, she finds that an
additional 1 kg of birth weight increases child birth weight by around 70 grams, compared
to an estimate of 180 grams when using standard OLS. She also finds that this result is non-
linear, with returns to birth weight in the second generation being slightly larger for children

born at less the 2,500 grams in the first generation, when using twins FE models.

Within-twin estimates of the return to education Perhaps the most studied question in
within-twin models is that of returns to education, which has a long history, with published
studies now spanning 6 decades. Early papers of Taubman (1976b,a); Behrman and Taubman
(1976, 1989) all made contributions in defining models, discussing how twins can be used to
decompose earnings into genetic and environmental determinants, and in some cases, esti-
mating returns to education and presenting estimates from data on US twins. Below principal
messages and empirical lessons which can be taken away from within-twin studies seeking
to isolate returns from education are discussed, which is the principal strand taken forward

from this literature.

This review focuses on within-twin models which seek to isolate the impacts of some vari-
able in which differences are observed between twin pairs, on some other variable measured
across twins. However, twins are also used in another way in a related series of results, which

seek to understand the heritability of outcomes, by examining correlations between particular
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measures across twins, who have shared genes, and across the entire population, where genes
vary. Such models have been considered very early in the literature (Goldberger, 1979), and
are frequently reported alongside twin fixed effect models Taubman (1976b); Behrman and
Taubman (1976); Bjorklund et al. (2003). Such a method has also been taken up recently in
understanding the degree to which savings behaviours could owe to genetic pre-disposition
(Crongvist and Siegel, 2015), risk taking (Cesarini et al., 2009a) and over-confidence (Ce-
sarini et al., 2009b). In this section, our focus is on within-twin models, rather than models
of genetic determinants of behaviours. A survey based discussion of the divergence be-
tween within-twin style models and models which use twins to understand heritability and

behavioural genetics is available as Kohler et al. (2011).

The earliest models, discussed above, when examining returns to education, all focus
on education and salary. Taubman (1976b), based on a sample of US male twins and non-
twins aged around 50 years old estimates that an additional year of schooling in within-twins
models increases salaries by around 3% when studying identical, or MZ, twins, (compared
to around 5% when studying non-identical, or DZ, twins, and around 8% when simply esti-
mating OLS). Behrman and Taubman (1976) document relatively similar results on returns
to earnings, additionally finding positive returns to education when considering a measure
of socioeconomic status. It is noteworthy that returns in these early studies are quite low.
Following the influential critique of Griliches (1979) that such low returns may owe to mea-
surement error in reported years of education, (Ashenfelter and Krueger, 1994) propose a
widely-adopted methodology of instrumenting reported twin educational differentials with
differentials calculated by reports from the other twin. Based on these models, they estimate
substantially higher returns to education, at between 12-16% per year of education. The ques-
tion of education, and its impacts on earnings, has been taken up by a large stream of papers,
broadly following the method proposed by Ashenfelter and Krueger (1994). Specifically,
related questions have been studied in Sweden (Isacsson, 1999, 2004), suggestion returns
of around 5%, the UK (Bonjour et al., 2003), suggesting returns of around 8%, the US, in-
cluding data from the Twinsburg twin festival in particular (Ashenfelter and Rouse, 1998;
Rouse, 1999), suggesting returns of 9-10%, and Australia (Miller et al., 2006, 1997, 1995),
suggesting 5-7%.

A range of papers use similar designs, however rather than focusing on labour market

returns to education, focus on how changes in education impact health behaviours and health
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stocks later in life. This includes measures such as survival, health investment behaviours,
anthropometric measures such as BMI, and self reported health behaviours. Studies on sur-
vival include Lundborg et al. (2016) (Sweden), Behrman et al. (2011) (Denmark), Behrman
et al. (2015) (China), and Savelyev et al. (2022) (USA). The results of Lundborg et al. (2016)
point to strong effects of education on mortality, both for men and women, which is addi-
tionally found by Savelyev et al. (2022) in survey data from the USA. Results from China
described in Behrman et al. (2015) also point to impacts of education on determinants of
mortality such as smoking. However, these results are not observed universally: a study by
Behrman et al. (2011) based in Denmark finds no significant results with Danish data. A
number of other papers present results based on other health measures. Amin et al. (2013)
find mixed evidence of a result using female twins in the UK, noting an impact on BMI, but
no significant results observed when examening smoking, alcohol consumption, or exercise
frequency. Lundborg (2013), with data from the US however does find that educational at-
tainment — at least when measured as highschool completion, does have impacts on exercise
behaviour, self reported measures, and chronic health outcomes. Bockerman and Maczulskij
(2016), using Finnish data, find returns to highschool and tertiary education on outcomes such
as BMI, medication usage, and exercise frequency. Finally, results fom Amin et al. (2014a,
2015), partially revisted with a larger sample in Savelyev et al. (2022) point to a number of
health returns to education, at least when considering self reported health (Savelyev et al.,
2022).

Finally, note that there are a number of papers which extend the within-twin design to con-
sider other outcomes. These include Behrman and Rosenzweig (2002); Amin et al. (2011)
who find inter-generational links in schooling between parents and their children based on
within-twin models, Amin and Behrman (2011), who estimate fertility reductions and mar-
riage market implications of additional education, Behrman et al. (1994) who also discuss
marriage markets and endowments. This twin design has also been used when considering
returns to variables which are not education (or health endowments at birth), or are quite spe-
cific measures of education. This is the case with a study of Behrman et al. (1996) who seeks
to understand returns to particular types of university instruction, Webbink et al. (2011) who
seeks to isolate impacts of teenage child bearing based on within-twin models, and Webbink
et al. (2013) who studies impacts of criminality on educational attainment. Further details,
including samples and outcome measures in these studies, along with all those discussed in

this subsection are provided in Table 3.
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5 Summary

Twin birth has the flavour of a miracle. At first glance it seems plausible that the occurrence
of twin birth delivers an unexpected additional child and, thus, a shock to fertility. However,
it is not always so. There are three sorts of reasons why. The first is hormonal, or biological-
factors like age are associated with an increase in the follicle stimulating hormone, which
elevates the chances of twin birth. This matters because older women may invest differ-
ently, whether in their children or in their careers, but age is typically observable and can be
held constant in the analysis. The second is a feature of a technological procedure — more
often than not, IVF involves a double embryo transfer designed to increase the chances of
pregnancy success but, as a fallout, it also significantly increases the chances of twin birth.
This matters because there is selection into IVF on traits like education of the parents which
are predictive of economic outcomes for children and parents. However, where IVF use
is observable, it can be controlled for. The third factor pertains to the chances that a twin
conception, which may be random, survives to the status of live birth. These chances are
dependent on the health and the health environment of the mother. Twins are more likely to
miscarry than singletons and more so in less healthy mothers. This is much harder to fully
purge with controls because the intrinsic health of the mother, her health-related behaviours,
and features of the natural and the medical environment of the mother. However, the instru-
ment tends to have sufficient power and, as long as some measures of maternal health are

available, inference can proceed with partial identification methods.

Even if twin birth is conditionally quasi-randomly assigned, the twin instrument strategy
faces other challenges. Inference is challenged by power because the share of twins in the
population, at 2 to 3 percent is small, making this an area in which administrative data con-
taining the entire population are particularly useful. With a view to allowing that fertility
following twin birth is endogenous, the twin instrument approach looks exclusively at out-
comes for older siblings. It cannot illuminate impacts of twin birth on younger siblings. Twin
birth, by its nature, does not illuminate impacts of extensive margin fertility, at least insofar
as this involves the birth of one child. A reduced form specification can however leverage
twin birth at first parity, comparing parental outcomes between parents who have a twin vs
a singleton at birth. Alternative approaches to studying impacts of the birth of a first child
on women’s earnings are also discussed. These include an event study design, idiosyncratic

success in [VF treatments, and the implementation of mandates for single embryo transfer in
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IVFE.

The literature has highlighted the importance of generalizations to the simple linear model
that has been used in the first generation of twin instrument studies. Impacts of the marginal
birth — incident through a twin occurrence — are likely to depend upon the birth order at which
the twin occurs. When the outcome is for an older sibling, the impact may depend upon the
birth interval between the older sibling and the twins, and the age at which the outcome is
measured. When the outcome is for a parent, the impact may depend upon the age at which
the parent has the twin birth, as this will indicate where in their career process they are.
Average causal response functions are useful in depicting the variation in fertility generated
by the twin instrument and, in particular how the weighting function over parities induced by

the instrument changes as controls are added.

The between-twin strategy that seeks to purge genetic influences on outcomes using
monozygotic twins also faces identification challenges. Even if twins are genetically iden-
tical at birth, they may have different early exposures that are correlated with differences in
their endowments (e.g. birth weight) and that impact the outcomes of interest. In a similar
vein, parents or schools may reinforce or compensate any initial differences in endowments
and these behaviours may directly influence the outcome. While the twin instrument strat-
egy suffers from noisy estimates because twins are a relatively small share of all births, the
between-twin strategy suffers from noisy estimates because any differences between twins
tend to be small. As highlighted for the twin instrument, so also for between-twin strate-
gies, we may expect that the relevant relationships are non-linear. There is then a question of
external validity, led by where in the distribution the difference between twin endowments

lies.

On a positive note, as discussed in the paper, there are recent innovations to the twin
identification approaches that help the researcher acknowledge and possibly overcome some

of these challenges.
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