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Increasing the credibility of the twin birth instrument?
by
Helmut Farbmacher®, Raphael Guber® and Johan Vikstrom4

June 9, 2016

Abstract

Twin births are an important instrumental variable for the endogenous fertility decision.
However, in many economic settings, twins are not exogenous as dizygotic twinning is
known to be correlated with maternal characteristics and fertility treatments. Following
the medical literature, we assume that monozygotic twins are exogenous, and construct a
new instrument, which corrects for the selection bias although monozygotic twinning is
usually unobserved. We use longitudinal administrative data from Sweden and US census
data and show that the usual twin instrument is not only related to observed but also to
unobserved determinants of economic outcomes, while our new instrument is not. We
demonstrate the relevance of our new instrument in two labor market applications and
find that the classical twin instrument underestimates the true negative effect of fertility
on labor force participation and earnings.
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1 Introduction

As fertility decisions are endogenous, most papers on how family size affects maternal
and child outcomes use instrumental variable techniques. One commonly employed in-
strument for the number of children is twin births. Early studies that use the twin in-
strument to study maternal outcomes include Rosenzweig & Wolpin (1980a); Bronars &
Grogger (1994); Angrist & Evans (1998); Jacobsen et al (1999).! The twin instrument
has also been used to study the prediction of the Becker & Lewis (1973) quantity—quality
model, that family size has a negative effect on children’s economic outcomes (Rosen-
zweig & Wolpin, 1980b; Black et al, 2005; Céaceres-Delpiano, 2006; Angrist et al, 2010).
However, it has been questioned if having twins—particularly dizygotic twins—really is
a random event. In particular, it has been shown that dizygotic twinning depends on, for
example, maternal age, height, weight, race, and the use of fertility treatments (Reddy
et al, 2005; Fauser et al, 2005). On the other hand, monozygotic (identical) twin births
are considered a random event (Tong & Short, 1998; MacGillivray et al, 1988), since they
are the result of the random and spontaneous division of a single fertilized egg (e.g., Hall,
2003)>.

Some studies (Black et al, 2007; Figlio et al, 2014) have already employed the su-
periority of monozygotic twinning in robustness checks by comparing estimates using
all twins as instrument with estimates using only same-sex twins. If the estimates of both
instruments are similar in size, this indicates that selection on unobservables is not a prob-
lem. However, if the estimates differ, this would cast doubt on the identification strategy.
As aresponse, we construct a new instrument based on monozygotic twins which corrects
for the selection bias even though monozygotic twinning is usually unobserved.

Initially we use longitudinal data from Sweden to show that twin births are correlated
with observed and unobserved maternal characteristics and that this correlation is stronger

in more recent cohorts. To analyse the selection on unobservables, we use information

'More recent studies include, for instance, Vere (2011) on parental labor supply and Céceres-Delpiano &
Simonsen (2012) on its effects on general well-being.

%In a review of the medical literature Bortolus et al (1999) conclude that it is very rare to find significant
correlations between socio-economic characteristics of the parents and monozygotic twin births.
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about pre-pregnancy labor force participation, labor income, and hospitalizations, and
conclude that these pre-pregnancy outcomes predict future twin births. This selection
is likely to be even more pronounced in data from the US, where twin rates are almost
twice as high as those in Sweden. Using US census data, Angrist & Evans (1998) show
that twins are more common among older and highly educated women and among certain
races. This is also supported by other studies in both economics and medicine (see e.g.,
Figlio et al, 2014, Black et al, 2005 or Martin & Park, 1999). We emphasize, however,
that these concerns only apply to dizygotic twin births and not to monozygotic twin births.

We then propose a new instrument based on monozygotic twin births which corrects
for the non-randomness of twin births. The starting point is the fact that monozygotic
twin births are considered to be random events (Tong & Short, 1998; MacGillivray et al,
1988). Our key assumption therefore is that monozygotic twinning is exogenous, but since
zygosity rarely is known our approach does not rely on observing zygosity. We show that
it is possible to use the observed opposite-sex dizygotic twin mothers to correct the same-
sex twin instrument by the remaining selection bias (induced from the same-sex dizygotic
twins). This is possible because of the peculiar structure of the data, for instance, since
we know that all monozygotic twins are of the same-sex and that dizygotic twin births
with same-sex twins are equally likely as dizygotic twins with opposite-sex. Our new
approach can easily be implemented using standard regression techniques.

We also discuss ways to relax our main assumption using instead that monozygotic
twinning is less endogenous than dizygotic twinning. Here, we add to the concept of
imperfect instruments by Nevo & Rosen (2012) and Conley et al (2012), by considering
misclassified discrete instrumental variables. Nevo & Rosen (2012) examine identifica-
tion under different assumptions, for instance, that the correlation between the instrument
and the error term is less than the correlation between the endogenous variable and the er-
ror term. Conley et al (2012) consider identification and inference for different strategies
that use prior information about how close the exclusion restriction is to being satisfied.

There are several reasons why our contribution is important. Firstly, twin births pro-

vide an unexpected fertility shock and are also a particularly relevant instrument, as, in
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many cases, it shifts the number of children by one.? Secondly, as already mentioned,
the twin instrument has been used in several settings, including studies on fertility and
maternal outcomes and studies of the child quality-quantity hypothesis.

Thirdly, since the mid-1970’s we have seen a rise in the twinning rate, caused by
delayed childbearing and an increasing need for fertility treatments (Martin et al, 2012;
Fauser et al, 2005). Since the decision to undergo fertility treatment is an endogenous
choice, which is clearly affected by the wish or need to postpone motherhood, it is even
more likely that the twin births induced by in-vitro fertilization (IVF) are correlated with
important socioeconomic characteristics. For instance, Braakmann & Wildman (2014)
show that instrumental variables estimates with and without information on fertility treat-
ments might differ substantially in applications to female labor supply and the child

quantity—quality relation.*

This suggests that mothers with twins have become an in-
creasingly selective sample, which poses a threat to the identification of causal effects
using the classical twin instrument.

Fourthly, there are only a few other potential variables which can serve as an instru-
ment for endogenous fertility decisions. A commonly used instrument is parental pref-
erence for a mixed sex composition of children, but this instrument has been criticized
because it uses a planned (as opposed to an unplanned) change in fertility to identify the
causal effect (Butcher & Case, 1994; Rosenzweig & Wolpin, 2000). It identifies the lo-
cal treatment effect for parents that actually have preferences for a mixed sex offspring,
and Agiiero & Marks (2008) note that these women may differ systematically from the
population at large. Other previously used instruments for fertility are natural infertil-
ity (Agiiero & Marks, 2008), successful IVF treatment (Lundborg et al, 2014), and, in
cultures with strong son preferences, the sex of the first child (Lee, 2008).

Besides the non-randomness of twin births another concern with the twin instrument,

raised by Rozenzweig and Zhang (2009), is that twins have inferior endowments at birth,

3 Another advantage is that, by the instrument’s nature, the monotonicity assumption is fulfilled, and, as there
can be no defiers or never-takers, the twin IV estimate can be interpreted as the average treatment effect on
the untreated when the endogenous variable is a dummy for one more child (Angrist et al, 2010).

4Moreover, several studies that analyse the quantity—quality trade off explicitly argue that the twin approach
is valid because they study cohorts born before the introduction of modern fertility treatments (e.g., Black
et al, 2005; Angrist et al, 2010; Aslund & Grongqvist, 2010; Céceres-Delpiano & Simonsen, 2012).
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such as lower APGAR scores and lower birth weight, than singletons. If these differences
induce parents to reallocate resources across their children this will violate the exclusion
restriction in studies that uses the twin instrument to study quantity-quality effects on non-
twin siblings. Rozenzweig and Zhang (2009) find that such differential birth endowment
effects are important, while Angrist et al. (2010) find no evidence that would invalidate
the exclusion restriction. Another concern with the twin instrument is that the close spac-
ing of twins makes their child-rearing more equal, leading to economics of scale in the
child quality production. These concerns are mainly relevant for studies using the twin in-
strument to study the child quality-quantity hypothesis and are arguably less of a concern
for studies that use the twin instrument to study fertility effects on maternal outcomes.
Finally, note that the assumption that monozygotic twins are at least less endogenous than
dizygotic twins is still valid if the birth endowment effect and the economics of scale
effect are the same for monozygotic and dizygotic twins.

We use both Swedish and US data to illustrate our new approach. We revisit the
study by Angrist & Evans (1998) and use their data on mothers from the 1980 US census.
One result is that both the classical twin instrument and the same-sex twin instrument
underestimate the true negative effect of fertility on labor earnings. This confirms that
dizygotic twin mothers are a positively selected sample, partly because high earners are
more likely to delay childbearing and hence have a higher risk to get twins. We obtain
similar results using Swedish register data both for mothers who got their first child before
the strong rise in fertility treatments (1987-1990) and for mothers who got their first child
during a later period with substantially higher twin rates (2000-2003).

We proceed as follows: Section 2 introduces the Swedish administrative data set and
shows the relation of twin’s zygosity with observed and, using a panel approach, unob-
served maternal characteristics. Section 3 outlines our identification strategy and how it
is applied in practice. The two empirical applications are given in Section 4 and Section

5 concludes.
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Table 1: Summary statistics for our sample of Swedish mothers

1987-1990 2000-2003

Mean SD Mean SD
# mothers 175,011 155,392
Socioeconomic characteristics
Age (at first birth) 26.278 4.476 28.772 4.750
Less than nine years of schooling 0.0043 0.0654 0.0043 0.0654
Nine years of schooling 0.2130 0.4094 0.1201 0.3251
Two year high school 0.4474 0.4972 0.1608 0.3673
Three year high school 0.1336 0.3402 0.3108 0.4628
University or college < 3 years 0.1250 0.3307 0.1706 0.3762
University or college > 3 years 0.0753 0.2639 0.2294 0.4204
Phd education 0.0012 0.0346 0.0038 0.0615
Pre-pregnancy outcomes (two years before first birth)
Labor force participation 0.9726 0.1633 0.9151 0.2787
Log labor income 11.450 0.8724 11.634 1.139
Hospitalization 0.1183 0.4492 0.0772 0.3711
Twin indicators
Twins (%) 0.0103 0.1010 0.0188 0.1358
Same-sex Twins (%) 0.0073 0.0853 0.0117 0.1077

Notes: Labor income is in SEK. Hospitalization is an indicator for at least one in-patient care episode.

2  Zygosity and selection on (un)observables

2.1 Data

We use Swedish register data (Ekbom, 2011) to assess the importance of selection on
observable and unobservable variables. The multi-generational register links individuals
to their biological mother and father and contains information on the year and month
of birth, which we use to construct information on twin births. The population register
contains yearly information on labor income, labor force participation and education. The
Swedish National Patient Register provides information on all episodes of in-patient care
in Sweden between 1987 and 2005. Our sample comprises all mothers who got their first
child either in the years 1987 to 1990 or 2000 to 2003, which gives us roughly 45,000
women per year.” Table I gives some descriptive statistics of our data set. For instance,
the maternal age at first birth was around 26.3 in the early period and 28.8 around 2001,

reflecting the well-documented delay in childbearing.

>Because of data limitations, 1987 is the earliest year we can use for our analysis.
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2.2 Twin births in Sweden and the US

To investigate the changes of twinning in Sweden over time, Figure I shows the twin rates
across the first child’s year of birth.® The overall twinning rate remains fairly constant be-
tween 1950 and 1980 but increases thereafter. While the rather mild rise between 1980
and 1990 can be attributed to delayed child bearing, the steep increase since 1990 fol-
lows the availability of IVF. The drop in 2003 follows a recommendation by the Swedish
National Board of Health and Welfare regarding the method of elective single embryo
transfers (SET), which proceeds by implanting one fertilized egg at a time, instead of

several eggs at once, as was done before (Bergh, 2005).

Figure 1: Twin rate in Sweden (firstborn children)
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As can be seen in Figure I, the earlier time period (i.e., 1987-1990) we are investi-
gating was just at the beginning of a strong rise in overall twin births (thick solid line).
IVF was rather unusual at this time. The later time period (i.e., 2000-2003), however,
is associated with substantially higher twin rates, which are mainly caused by increased

fertility treatments. In particular, from 1990 to 2000, the rate of dizygotic twins almost

To compute the mono- and dizygotic twinning rates, we apply Weinberg (1901)’s rule, which we discuss in
more detail in Section 3.
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tripled while the monozygotic rate remained fairly constant.

The overall twinning rate in the US shows similar patterns to the rate in Sweden,
although at a much higher level (see Figure 1A of Kulkarni et al, 2013). The US twin
rate (from all parities) was already at 2% in 1980 and increased to more than 3% in 2006.
In contrast to Sweden, the US twin rate does not experience the SET related drop and
remains high, also by international comparison (Pison & D’Addato, 2006). Thurin et al
(2004) find that twin or higher order pregnancies make up 20% to 25% of all pregnancies
induced by IVF in Sweden and Kulkarni et al (2013) estimate that, in the US, more than
one-third of all twins were conceived from fertility assisted pregnancies. Hence, non-
random selection into twinning is likely to be of even more relevance in data from the

US.

2.3 Selection on observable and unobservable characteristics

Particularly older women need fertility treatments. As postponing childbearing is often
related to an individual’s labor market decisions, the selection into dizygotic twinning has
increased in recent years. Twin mothers are becoming a more and more selected sub-
group, which may not be comparable to mothers without twins. For instance, delayed
childbearing may help to accumulate more work experience or it may reflect already ex-
isting differences in career preferences.

While we can easily determine whether there is any selection on observable charac-
teristics, testing for selection on unobservables is by definition impossible. However, as
many economic determinants are inherently persistent, we can assess the importance of
the selection on unobservables by using pre-pregnancy outcomes. That is, we can test
whether, conditionally on observable characteristics, twin mothers and non-twin mothers
were already different before their first pregnancy. Our pre-pregnancy outcomes are labor
force participation, yearly labor income, and hospitalizations two years before the first
birth.” At this point in time, the future mothers have no children. They might not even

know that they will have kids in two years, and they surely do not know that they will have

"Labor force participation or employment status is measured in November each year. Labor income includes
all cash compensation paid by employers and is based on tax records. For hospitalizations we use an
indicator for at least one episode of in-patient care.
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twins. Therefore the pre-pregnancy outcomes should be causally unaffected by the twin
births and the only reason for a pre-pregnancy difference between the twin and non-twin
groups is selection on unobserved characteristics.

Table 2 shows how our observed socio-economic characteristics and the pre-pregnancy
outcomes correlate with twin births. Initially we regress twin indicators on mother’s age
at first birth and level of education, and report the overall F-statistic of joint significance.
From column 1 we see that the usual twin indicator, Z, correlates with these observables
in both time periods, indicating that twin births are not a random event. The F-statistic
increases strongly from 16.29 in 1987-1990 to 51.84 in 2000-2003. This reflects the
strong rise in twin rates and the increased selection because of fertility treatments and
delayed childbearing among mothers with high career preferences. Interestingly, when
we use the improved same-sex twin indicator, Z (see column 2), the value of the overall
F-test statistic decreases by more than half in both periods (from 16.29 to 7.43 and from
51.84 to 20.75). This indicator variable excludes all opposite-sex twins which cannot
be monozygotic.:? Thus, when we exclude twins who have to be dizygotic and thereby
implicitly increase the fraction of monozygotic twins, we see a lower dependence of the
instrument on socio-economic characteristics.

We obtain similar patterns for the pre-pregnancy outcomes. 7Table 2 shows that—
conditionally on the set of covariates—there still are significant differences between women
with and without future twins.!? In the years 2000 to 2003 (lower panel), women were
significantly more likely to be employed and had higher incomes two years before the

birth of their twins. The probability of being hospitalized was increased in both time

8Note that we did not drop the opposite-sex twins from our analysis but instead used the more precise
measure of monozygotic twinning. One could in principle also think about dropping the opposite-sex twins
but the results should be almost similar due to the low frequency of twinning compared to singleton births.
This is the case for our results, which are available from the authors upon request.

Note that the F-statistic would decline anyway when the fraction of twins declines, even if we were to
randomly exclude some of the twins. To further investigate this relation, we randomly exclude the fraction
of opposite-sex twins in a simulation. Using 500 replications, we see an average drop of the F-test statistic
to 11.71 around 1990 and to 32.73 around 2000. This is still distinctly larger than the F-test statistics of
7.43 and 20.75 which we obtain from the regressions on the same-sex twins.

19Note that each estimate comes from a single linear regression with the different twin instruments as the
explanatory variable and controlling for the observed covariables.
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Table 2: Assessing the importance of selection on observables and unobservables

Twins Same-sex twins New instruments
‘Z:t ir Zt (O) Zt (Omin)
1987-1990
Level of education and age
F-statistic 16.29*** 7.43%* 1.06 0.85

Pre-pregnancy outcomes (two years before first birth)

Labor force participation -0.0018 -0.0020 -0.0010 -0.0007
(0.0040) (0.0047) (0.0040) (0.0037)
Log labor income -0.0099 -0.0159 -0.0127 -0.0111
(0.0179) (0.0220) (0.0177) (0.0161)
Hospitalization 0.0400** 0.0185 -0.0140 -0.0180
(0.0155) (0.0178) (0.0155) (0.0144)

2000-2003

Level of education and age
F-statistic 51.84*** 20.75%** 1.04 1.03

Pre-pregnancy outcomes (two years before first birth)

Labor force participation 0.0111** 0.0118** 0.0037 0.0035
(0.0046) (0.0058) (0.0045) (0.0045)
Log labor income 0.0582*** 0.0505** 0.0055 0.0047
(0.0174) (0.0213) (0.0172) (0.0170)
Hospitalization 0.0142** 0.0125 0.0015 0.0013
(0.0063) (0.0079) (0.0062) (0.0061)

Notes: For the pre-pregnancy, each cell reports estimates from a separate regression. LPM estimates
using the sample of mothers described in the data section. All models also include year fixed effects.
Level of education (7 categories) and age as a set of indicators. Oy, = 0.21 in 1987-1990 and
Omin = 0.04 in 2000—2003. Robust standard errors in parentheses. *** ** * indicate significance at the
1%, 5%, and 10% level, respectively. Labor income is in SEK. Hospitalization is an indicator for at
least one in-patient care episode. Number of observations for LFP: 175,011 (1987-1990) and 155,392
(2000-2003). Number of observations for In(inc): 170,215 (1987-1990) and 142,201. Number of
observations for hospitalization: 91,924 (1987-1990) and 155,392 (2000-2003).

periods.!! The significant twin coefficients suggest that there are other (potentially per-
sistent) unobservable variables which may confound estimates based on the conventional
definition of the twin instrument. Similar to the results for selection on observables, these
differences become less significant when we use the improved same-sex twin indicator.
We will now turn to our methodological contribution and here we will also discuss the

results in columns 3 and 4 of Tuble 2.

11Since hospitalization is known between 1987 and 2005, we can include only mothers that gave birth in 1989
or 1990 in the earlier time period sample.
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3 Learning from monozygotic twins
In this section we discuss how the available information about twin births and sibling sex
composition can be combined to estimate causal effects even when dizygotic twinning is

endogenous and when zygosity is unknown. Consider the model

yi = Bxi +u;, (1)

where y; is a scalar denoting the dependent variable, and x; is the number of children
or siblings.!> The number of children is often used as a unidimensional measure of fer-
tility in labor or health economics (e.g., Angrist & Evans, 1998; Caceres-Delpiano &
Simonsen, 2012), while the number of siblings is used in the literature analysing the child
quantity—quality trade-off (Black et al, 2005, 2010). In the former case f is the causal ef-
fect of fertility on labor or health outcomes, and in the the latter case f3 is the causal effect
of siblings on, for instance, school performance. The variation in the number of children
or siblings is generally considered as endogenous—mainly because having children is a
choice and clearly depends on the preferences and socio-economic characteristics of the
parents.

Let z* be an indicator pointing to all mothers with monozygotic twins at their first
birth.!> Monozygotic twinning is most often unobservable—even for the parents. In
one-third of identical twins, each fetus has its own placenta, which is also the case for
all dizygotic twins (Bomsel-Helmreich & Al Mufti, 2005). Without further tests, these
identical twins cannot be distinguished from fraternal twins unless they have opposite
sexes. Typically, neither administrative data sets (like census data) nor surveys contain
information on monozygosity. Therefore, we assume having data only on the classical
twin indicator, which we denote by Z, indicating both monozygotic and dizygotic twin

births, and an indicator for the sex composition of the first two children (SX). Following

2For notational ease, we keep additional explanatory variables implicit. Thus we think about y; and x; as
variables where the effects of additional explanatory variables have been partialled out, i.e., y; and x; are
the residuals of a regression of ¥; and &; from a wider model on the additional explanatory variables. In the
following, we will suppress the subscript i.

13We abstract from higher orders of multiple births such as triplets, since those are very rare events.
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Angrist & Evans (1998), the latter variable is defined as SX = sysp + (1 —s1)(1 — s52),
where s; and s, refer to male first-born and second-born children. Note that SX points
to all siblings with the same sex, not only to like-sex twins. Since opposite sex twins
can never be monozygotic, we can also define a more precise measure for monozygosity,

namely the same-sex twin indicator z. Define

:=z"+e,

i=7"+e=7"+é+é=1z:+¢,

where e indicates dizygotic twinning, and we allow e to be correlated with the structural
error term in Equation 1 (i.e., cov(u,e) # 0). This reflects the clear evidence that dizygotic
twinning varies with socio-economic characteristics. Some of these characteristics, such
as maternal height and weight, are typically not observed but may have an effect on health
or labor outcomes, rendering the classical twin instrument invalid. é = SX X e indicates
dizygotic twins with the same sex, and é = (1 — SX) X e indicates dizygotic twins with a
mixed sex composition. Note that € is observable as 7 — 7 = ¢, while é is unobservable for
the econometrician, since without further information, same-sex dizygotic twins cannot
be distinguished from monozygotic twins.

Following the medical literature and the empirical evidence from the previous section,
we assume that monozygotic twinning is exogenous or at least less correlated with the

structural error term than dizygotic twinning, i.e., the following assumption holds:

A. 1 monozygotic twinning is “less endogenous” than dizygotic twinning:
E(ulz"=1)=60"E(ule=1) £ E(u), with —1 < 0* < 1
twinning is relevant:

Oy #0; Oxe #0

where z* is exogenous when the endogeneity parameter 6* = 0. We also make use of
the standard relevance condition of the 2SLS estimator. Since there is an obvious link
between having twins and the number of children, relevance is more a technicality ruling

out datasets without twin births.

IFAU - Increasing the credibility of the twin birth instrument 13



To proceed, we impose two additional assumptions: one medical and one economic.
The first assumption is known in epidemiology and medicine as Weinberg (1901)’s dif-

ferential rule.

A. 2 Weinberg (1901)’s rule:

Pr(é=1)=Pr(é=1)

The rule says that dizygotic twins are equally likely to be of same sex as of opposite sex.
The basic assumptions behind this rule are that the probability of a male dizygotic twin (7)
is 0.5 (A.2a) and that the sexes in a dizygotic twin set are independent (A.2b). Although
the sex ratio at birth is slightly male biased, this rule is generally considered as rather
robust (Hardin et al, 2009; Fellman & Eriksson, 2006; Vlietinck et al, 1988; Bulmer,
1976). Nevertheless, in the Appendix we investigate Assumption A.2 using results from
the East Flanders Prospective Twin Survey (EFPTS).

The economic assumption depends on the application one has in mind. It replaces the
usual exogeneity assumption of the twin birth indicator, E (|7 = 1) = E(u|Z = 0), which

is invalid in our setting, by the exogeneity of the sibling sex composition:

A. 3 Sex composition of the children is exogenous:

E(ulSX=1,e=1)=Eu|SX =0,e=1)=E(ule=1)

Assumption A.3 states that the same-sex instrument is exogenous within the group of
mothers with dizygotic twins. The mean independence of the sex composition of siblings
is generally considered as a more reliable exogeneity assumption compared to the mean
independence of twinning (see the discussions in Angrist & Evans, 1998 and Black et al,
2010). In that sense, our approach combines the best of two instrumental variables: exter-
nal validity from twinning and the more credible exogeneity assumption of the same sex
instrument.

In the following we discuss what can be learned about 8 using the available informa-
tion about twinning and the siblings’ sex composition. Define ﬁZI V' as the probability limit
of the IV estimator for  with z as the instrumental variable. The corresponding estimator

is defined as 321 V. We will use the following notation: o, denotes the covariance between
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any two random variables a and b, and 7, denotes the probability that a binary random

variable a is equal to 1. We will also make use of the following lemma.

Lemma 1 If d and w are random variables where d is binary and E(w) = 0, then

Owd = ndE(Wld = 1)

Proof of L. 1.

Oy = E(wd) —E(W)E(d) = E(wd)
= (1—my)E(wd|d =0)+ mzE(wd|d = 1)

= mE(wld=1).

where the second equality follows from E (w) = 0. The Law of Iterated Expectations gives
the third equality and the conclusion follows from E(wd|d =0) =0 and E(wd|d = 1) =
E(w|d=1). Q.E.D.

Using z* as instrument, we asymptotically get

7 +0"E(ule =1)

v _ Oyzx A
ﬁz* =_ = ﬁ +
ze* ze*
Although 321*‘/ would be consistent if Assumption A.1 holds and 6* = 0, it is infeasible
since monozygotic twinning is generally unobserved. Estimation based on the observed

but misclassified instruments will always be inconsistent, as

plv =il g 7 0"E(ule=1) | Oue
;= .

ze' ze GXZ
Oy: A.l 0 E(ule =1 Oue Ous

ﬁ.zlvzﬂ:ﬁ+ < (] )+ﬂ+ﬂ7 )
Oy; Oyz Oyz Oy;

and because o,; # 0 and o, # 0 due to the non-random selection process behind dizy-
gotic twinning. However, using Weinberg’s law (Assumption A.2) and the same-sex exo-

geneity assumption (Assumption A.3), the following lemma can be derived:
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Lemma 2 [f Assumption A.2 and A.3 hold, then
Oué = Oug¢-

Proof of L. 2. Note that by the definitions of ¢ = SX x e and € = (1 — SX) X e, it follows
that E(ulé=1)=E(u|SX =1,e=1) and E(u|é = 1) = E(u|SX = 0,e = 1). Furthermore,

Gue =2 TE (ule = 1)

= MEu|SX =1,e=1)
L mEWSX =1,e=1)

3 LEu|SX = 0,e = 1)

Y nEWe=1) = 0.

Using Lemma 2 we can derive the following moment condition

E(uz(6)) =0, 3)

where 7(0) =z — A(0)é is a weighted average of two observed variables with 1(0) =

1 —6(1 — m:/m;). The moment condition holds if 6 = 6%, as

cov(u,7(0)) = cov(u,z" +¢é— A(0)é)

= Oyz* + Oyée — Oue — eﬁo-ué

Y Eulz =1)— %0,

Al .
= 1,0*E(ule = 1) — 0% 0,
A3,L.1 .
=" 1+0"0ys/ s — ORO,;
A2

= ((ﬂz — 71'@')/717@')9*(7”5 — Qﬁ'O'Mé

(6" —0)Rtoyus,
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where & = m;/m; — 1. The intuitive idea behind this new instrument is that we use the
observed opposite-sex dizygotic twin mothers to correct for the selection bias induced by
same-sex dizygotic twins and possibly also by monozygotic twins. The correction factor
A(0) also depends on the degree to which monozygotic twins are endogenous.

In the special case where monozygotic twinning is assumed to be exogenous (i.e.,
0* = 0), we get the new instrument zZ(0) = 7 — 2¢ by simply subtracting the opposite-sex
twins (€) twice from the classical twin instrument (7). By doing so, we remove not only
the endogeneity from the opposite-sex twins but also the endogeneity from the same-sex
dizygotic twins.

Assuming that monozygotic twinning is at least less correlated with unobserved char-
acteristics than dizygotic twinning (i.e., —1 < 8* < 1), we can obtain a set of estimates
for B under different assumptions about the degree of endogeneity of monozygotic twin-
ning. For this we construct Z(0) for a grid of values of the endogeneity parameter 6 (in
between -1 and 1) and calculate the 2SLS estimate separately for each of these variables.
This procedure is similar to the idea of imperfect instruments in Nevo & Rosen (2012).
They argue that if z is less endogenous than x, the ratio of the correlations between z and u
and between x and u must be between zero and one, i.e., A = p,,/pxu € (0,1). Knowledge
of A would enable the construction of an exogenous instrument, but in its absence, one
can use any reasonable value or a set of values between zero and one to construct new
instruments and to bound the causal effect.

The set of estimates can be tightened if the selection on observables is informative
about the selection on unobservables. For instance, we may get tighter bounds by assum-
ing that selection on unobservables is not an issue as long as the selection on observables
is not significant. Following this argument, we could even point-identify S by assuming
that there is no selection on unobservables at the value of 6 which minimizes the selec-
tion on observables. This idea is similar to the approach of Altonji et al (2005), who also
use selection on observables to infer on the selection on unobservables. In a similar way,
we assume that the 6 which minimizes the correlation between the instrument Z(0) and
the observed covariates, also minimizes the correlation between the instrument and the

unobservable characteristics. A sufficient condition for this would be that we observe a
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random subset of all determinants of the outcome variable. In practice, one could use the
overall F-statistic of joint significance to measure the selection on observables.

We now return to the results on the selection on observables in Table 2, columns 3
and 4 for both time periods, to assess how the new instrument correlates with mothers’
observed characteristics. We use 0 = 0 in column three, while a grid search over 6 €
(—1,1) reveals that the lowest overall F-statistic is obtained by setting 6,,;, = .21 for
the first time period (1987-1990) and 6,,;, = .04 for the latter period (2000-2003). The
results for 6,,;, are reported in column four. The F-statistic is approximately one for
our proposed instruments, indicating that the observables cannot explain the variation in
our new instruments. Turning to the remaining results in 7able 2, we find that selection
on unobservables is reduced as well, in particular in the 2000 to 2003 period. None of
the proposed instruments is correlated with the pre-pregnancy outcomes. Moreover, 6.,
decreases from .21 for the earlier time period to .04 for the later period, which is due to
the relation E(u|z* = 1) = 6*E(ule = 1). If monozygotic twinning is not influenced by
socio-economic characteristics and fertility treatments (as Figure I suggests), E (u|z* = 1)
should be constant over time, which implies that 8 has to decrease as E (u|e = 1) increases.
Thus, the decline in 6,,;, suggests that dizygotic twinning becomes more endogenous over

time.

4 Empirical applications

4.1 Swedish register data

We now apply our new instrument to the two Swedish cohort-based samples introduced
in Section 2. Our outcome variables are labor force participation and yearly labor income
one year after the birth of the first child. We are interested in the effects of having more
than one child one year after the first birth and use either the classical (Z), the same-sex
(2) or our (7) twin indicator as instruments.!* If, as we have demonstrated in Section 2,

twinning is more endogenous in the 2000-2003 than in the 1987-1990 cohort, we expect

4Sample sizes differ from Section 2 because there mothers had to be working two or more years before their
first birth to show up in the register data while here they only need to be working one year after their first
birth.
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the 2SLS coefficients obtained by using our new instrument to differ more markedly from
those obtained by using the classical or the same-sex twin instrument in the former than
in the latter sample. We control for mothers’ age at first birth and education, as well as
time (year) fixed effects.!> Note that, within the 1987-1990 cohort, about 10% of the
mothers had more than one child the year after the first birth, while this figure is 8% for
the 2000-2003 cohort.

For both samples, our new instrument gives the strongest effect out of all IV regres-
sions, correcting for positively selected mothers with dizygotic twins (Table 3).'® The
coefficients differ more strongly in the 2000—2003 cohort which contains a large fraction
of dizygotic twin mothers. For example, for the earlier cohort, the estimated effect on
labor force participation (upper panel) is -6.0% when using the classical twin instrument
and -9.4% when using the new instrument—a relative difference of more than half. For
the more recent cohort, the correction is even stronger with a relative difference by a fac-
tor of 2.7. This pattern is repeated for yearly labor income (lower panel) with a lower

magnitude.

4.2 1980 US Census data
To illustrate the broad usefulness of our approach, we investigate its relevance using a
second application. We revisit the study by Angrist & Evans (1998), in short AE hereafter.
The sample consists of all (married and unmarried) mothers aged 21 to 35 with at least two
children from the 1980 US census. We use age, age at first birth, sex of the first/second
child, and dummies for being black, Hispanic, or of another race as covariates. For a
detailed description of the variables, we refer to AE, Table 2.

AE use the usual twin indicators Z, Z, and an indicator for same-sex siblings. To this
we add our two instruments. Z(0) is constructed by assuming that 6 = 0, i.e., monozygotic
twins are uncorrelated with the structural error term. In practice, this delivers an instru-

ment which takes on a value of -1 for all opposite-sex twins, a value of 1 for same-sex

I5Mothers education is taken from the year of their first birth. If this was missing, we use the information
from up to seven subsequent years.

16Note that the first-stage F-statistic seems extremely large for the 7 and z instruments, which comes from
the fact that as we are looking at short run outcomes only one year after first birth, about 22% (10%) of all
mothers that have more than child gave birth to twins in the 1987-1990 (2000-2003) cohort.
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Table 3: Effect of having more than one child one year after birth - Swedish data
OLS 2SLS

a1l

Z Z

Labor Force Participation

First child born between 1987 and 1990 (N=184,587)

More than one child -0.074"** -0.060"** -0.070"** -0.094**
(0.003) (0.010) (0.012) (0.023)

First stage F-statistic 1,454,998 1,364,259 416

First child born between 2000 and 2003 (N=165,302)

More than one child -0.097"** -0.024"** -0.038"** -0.089***
(0.004) (0.008) (0.010) (0.031)

First stage F-statistic 1,909,464 1,677,854 221

Log(Yearly Labor Income)

First child born between 1987 and 1990 (N=158,827)

More than one child -0.453*** -0.461"** -0.471"* -0.495%*
(0.011) (0.037) (0.044) (0.090)

First stage F-statistic 1,391,692 1,308,771 309

First child born between 2000 and 2003 (N=130,020)

More than one child -0.328"** -0.404"** -0.438"** -0.578***
(0.015) (0.031) (0.040) (0.133)

First stage F-statistic 1,753,934 1,493,759 142

Notes: Robust standard errors in parentheses. *™** p<0.01. All coefficient and standard error pairs

come from separate regressions. Qutcomes and indicator for having more than one child are measured
one year after birth of first child. Z is an indicator equal to one if the mother gave birth to twins at
first birth. z indicates same-sex twins at first birth and Z is our new twin instrument. Control variables
are mothers’ education (7 dummies), mothers’ year of birth (43 dummies) and year fixed effects.

twins, and O for non-twin mothers. To construct Z(6,,, ), we derive 6y, as the 6 which
minimizes the overall F-statistic in a regression of 7Z(0) on the covariates. A grid search
delivers 6,,;;, = —0.07 for the whole sample and 6,,;, = 0.01 for the sample of working
mothers.

We study the effects of having more than two children on the probability of working
and on annual labor income using our various instruments. The covariates are the same
as in AE, but our sample size is 394,840 instead of 394,835. Nevertheless, we can virtu-
ally perfectly replicate their Table 7 for the worked-for-pay outcome in the first panel of
Table 4. Column 1 reports a highly significant negative effect of -0.176 on the probability
of working when we use OLS to estimate the fertility parameter. Using twins as instru-
ment yields a coefficient of half that size, -0.081 (column 2). The IV effects differ little
from each other when using Z, z, 7(0), or Z(6yin) (columns 2-5). Note that the first stage
F-statistic of 632 and 855 of the new instruments are much lower than those of the usual

twin instruments Z and z, but are still clearly above the rule of thumb value of 10 (Staiger
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Table 4: Effect of having more than two children - US Census data
OLS 2SLS

7 z z(0) Zt (Omin) Same-sex

Worked for pay in last year (N=394,840)

More than two children -0.176*** -0.081"** -0.082*** -0.084** -0.084*** -0.117**
(0.002) (0.014) (0.017) (0.034) (0.031) (0.025)

First Stage F-statistic 60,239 44,576 632 855 1,675

Selection on observables F-statistic 9.45%** 3.85™** 1.13 1.11 2.04*

Log(labor income) (N=220,502)

More than two children -0.353*** -0.072 -0.112** -0.215* -0.217* -0.135
(0.006) (0.045) (0.054) (0.117) (0.118) (0.092)

First Stage F-statistic 35,754 25,484 292 280 841

Selection on observables F-statistic 8.65"** 3.53"** 0.72 0.72 1.75*

Notes: OLS and 2S5LS estimates using data from the 1980 US Census. All models also include
age, age at first birth, sex of the 1st child, sex of the 2nd child, and dummies for being black,
hispanic, or of other race. Selection on observables F-statistic refers to the F-statistic of a regression
of the respective instrument on the above covariates, except sex of the 1st and 2nd child for the

same-sex instrument. 6,,;,, equals -0.07 for worked in last year sample and 0.01 in income sample.

Robust standard errors in parentheses. *** ** * indicate significance at the 1%, 5%, and 10% level,

respectively.

& Stock, 1997). Using the same-sex instrument (column 6), the coefficient is -0.117.

The last row in the first panel of Table 4 reports the F'-statistics of regressions of each
respective instrument on the covariates to assess the importance of selection on observ-
ables (cf. Table 2). The overall F-statistic decreases from 9.45 to 3.85 when using the
improved same-sex twin instrument, as compared to the overall twin instrument.!” As in
the Swedish data, our new instruments are the least correlated with the mothers’ observ-
able characteristics. Although there still seem to be small correlations with mother’s age
and age at first birth, the overall F'-statistics of 1.13 and 1.11 are insignificant.

The second panel of Table 4 shows the results for log-labor income as the dependent
variable. In contrast to the employment indicator, we find large differences between the
estimated effects using the usual instruments and those from using our new twin instru-
ments. The absolute size of the coefficients increases with the share of monozygotic twin
mothers in the instrument. The effect is lowest when using all twins (-7.19%), but al-

most triples (-21.47%) when using 7(0), and reaches -21.70% when using Z(6,,,). The

"To investigate whether this decline is systematic, we randomly exclude the fraction of doubtful (i.e., dizy-
gotic) twins as in Section 2 and find the average F'-statistic to be 6.87.
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increase in the coefficients indicates that dizygotic twin mothers are a positively selected
sample, which lead to an underestimation of the true effect. This was to be expected
from the known relation between maternal characteristics (particularly, maternal age) and
dizygotic twinning. For instance, women who earn more and/or have higher career pref-
erences may also be more likely to postpone motherhood, which would increase the like-
lihood of dizygotic twinning. The first stage F-statistic behaves in the same way as for
employment, being lowest for the new twin instruments. '8

The estimate using the same-sex instrument of -13.53% is in between the estimates
from the twin instruments, but statistically insignificant. The different effect size can be
attributed to the identification of different local average treatment effects (Angrist et al,

1996).

5 Conclusions

Twin births are a popular instrumental variable for the endogenous fertility decision and
family size. However, identification of causal effects might fail as having dizygotic twins
is strongly related to mothers’ age, height, weight, race, and the use of fertility treatments,
such as in-vitro fertilizations. To overcome this, we provide a new instrument that corrects
for the selection bias introduced by dizygotic twins, even if zygosity is unknown. The new
approach depends on a parameter 0, which reflects the researcher’s assumption about
the strength of the relation between the structural error term and monozygotic twinning,
relative to dizygotic twinning. In line with the medical literature, we find evidence for
the exogeneity of monozygotic twinning (corresponding to 6 = 0). We could, however,
also assume that monozygotic twins are not fully exogenous but are less endogenous
than dizygotic twins (6 € (—1,1)). In this case we propose to set the parameter 6 to the
value that minimizes the overall F-statistic from a regression of the new instrument on the
observed variables under the assumption that the selection on observables is informative

about the selection on unobservables. In contrast to the usual instruments (any twins

18Finally, note that AE use labor income in levels and include mothers with zero earnings instead of using
log-labor income. For these reasons we have also used labor income in levels as outcome, resulting in very
similar patterns as those for log-labor income.
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and same-sex twins), we show using Swedish register data that the new instrument is
completely unrelated to important pre-pregnancy outcomes.

Additionally, we apply our new approach to both Swedish and US data. Our main
finding is that the usual twin instruments underestimate the true negative effect of fertility
on labor force participation and earnings. This indicates that twin mothers are a positively
selected sample, which is in line with the observation that high earners are more likely to

delay childbearing and hence have a higher risk to get twins.
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Appendix
East Flanders Prospective Twin Survey (EFPTS) is a population-based registry of mul-
tiple births in East Flanders (Belgium). The EFPTS distinguishes itself from other twin
registries because the information has been collected by the obstetricians at birth (see
Derom et al., 2006 for further information about the EFPTS database). This dataset con-
tains information about the zygosity of the twins, which allows us to test Assumptions
A.2a and A.2b.

To investigate the robustness of Assumption A.2a, we can derive a generalized rule
which requires only independence (Assumption A.2b) to hold. It is—up to a factor f =
1/(27(1 — m) — 1)—equal to Weinberg’s differential rule

Pr(é=1)=Pr(e=1) (mq). (A-1)

Weinberg’s rule is the special case in which f = 1. Considering the 99% confidence
interval of 7 from the EFPTS data (99%-CI=[0.5009;0.5279]), the corresponding factor
f ranges from 1.000 to 1.006, which makes Weinberg’s rule an accurate approximation
given that independence (A.2b) holds.

To test whether the sexes in a dizygotic twin set are independent (Assumption A.2b),
we also use the EFPTS data. Table A-1 shows the observed sex composition of dizy-
gotic twins and the expected frequencies under the null hypothesis of independence. The
corresponding 2 test statistic is 0.753 (p-value: 0.385), so that independence cannot be

rejected.

Table A-1: Sex composition of dizygotic twins in the East Flanders Prospective Twin Survey

‘ girl boy ‘
o 1078 1112 2190
& [1063.44] [1126.56]
b 1112 1208 2320
Y [1126.56] [1193.44]
| 2190 2320 | 4510

Notes: Expected frequencies (under independence) in brackets. Source
Derom et al. (2006)
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