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Summary
Twin births are an important instrument for the endogenous fertility decision.
However, twin births are not exogenous either as dizygotic twinning is correlated with maternal characteristics. Following the medical literature, we assume
that monozygotic twins are exogenous, and construct a new instrument, which
corrects for the selection although monozygotic twinning is usually unobserved
in survey and administrative datasets. Using administrative data from Sweden,
we show that the usual twin instrument is related to observed and unobserved
determinants of economic outcomes, while our new instrument is not. In our
applications we find that the classical twin instrument underestimates the negative effect of fertility on labor income. This finding is in line with the observation
that high earners are more likely to delay childbearing and hence have a higher
risk to get dizygotic twins.

1

I N T RO DU CT ION

As fertility decisions are endogenous, most papers on how family size affects maternal and child outcomes use instrumental variable (IV) techniques. One commonly employed instrument is twin births. Early studies that use the twin
instrument to study maternal outcomes include Rosenzweig and Wolpin (1980a), Bronars and Grogger (1994), Angrist and
Evans (1998), and Jacobsen, Pearce, and Rosenbloom (1999). The twin instrument has also been used to study the prediction of the Becker and Lewis (1973) quantity–quality model, that family size has a negative effect on children's economic
outcomes (Angrist, Lavy, & Schlosser, 2010; Black, Devereux, & Salvanes, 2005; Cáceres-Delpiano, 2006; Rosenzweig
& Wolpin, 1980b). Recent applications using the twin instrument include, for instance, Mogstad and Wiswall (2016),
Braakmann and Wildman (2016), and Lundborg, Plug, and Rasmussen (2017). However, it has been questioned whether
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 (Fauser, Devroey, &
Macklon 2005, Reddy, Branum, & Klebanoff, 2005).1 On the other hand, monozygotic (identical) twin births are considered a random event (MacGillivray, Samphier, & Little 1988, Tong & Short 1998), since they are the result of the random
and spontaneous division of a single fertilized egg (e.g., Hall, 2003).2
Some studies (Black, Devereux, & Salvanes 2007; Figlio, Guryan, Karbownik, & Roth, 2014) have already employed
the superiority of monozygotic twinning in robustness checks by comparing estimates using all twins as instrument with
1

Some of these variables, such as maternal age and race, are typically observed, while, for instance, fertility treatments, weight and height typically are
unobserved in census data.
2
In a review of the medical literature Bortolus et al. (1999) conclude that it is very rare to find significant correlations between socioeconomic
characteristics of the parents and monozygotic twin births.
...............................................................................................................................................................
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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 problem. However, if the estimates differ, this would cast doubt on the identification strategy.
As a response, 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 analyze the selection on unobservables, we use information about prepregnancy labor force participation, labor income, and hospitalizations, and conclude
that these prepregnancy outcomes predict future twin births. This selection is likely to be even more pronounced in data
from the USA, where twin rates are almost twice as high as those in Sweden. We emphasize, however, that these concerns
only apply to dizygotic twin births and not to monozygotic twin births.
We propose a new instrument based on monozygotic twin births which corrects for the nonrandomness of twin births.
The starting point is the fact that monozygotic twin births are considered to be random events (MacGillivray et al. 1988;
Tong & Short, 1998). Our key assumption therefore is that monozygotic twinning is exogenous, but since zygosity is rarely
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 growing literature on imperfect instruments by considering misclassified discrete
instrumental variables. Ashley (2009) provides the asymptotic distribution of the IV estimator and discusses strategies to
assess the robustness of IV inference with imperfect instruments. Nevo and Rosen (2012) examine identification 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 error term. Conley, Hansen, and Rossi (2012) consider identification and
inference for different strategies that use prior information about how close the exclusion restriction is to being satisfied,
including also a Bayesian approach. Kraay (2012) and Chan and Tobias (2015) also use a Bayesian approach to capture
prior uncertainty about the exclusion restriction.
Our contribution is important for several reasons. Firstly, twin births provide an unexpected fertility shock and twinning
usually results in a strong first-stage regression. 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-1970s we have seen a rise in the twinning rate, caused by delayed childbearing and an increasing need for fertility treatments (Fauser et al., 2005; Martin, Hamilton, & Osterman, 2012). 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 and Wildman (2016) show that instrumental variables estimates with and without information on fertility treatments might differ substantially in applications from female labor supply and the child
quantity–quality relation.3 This suggests that mothers with twins have become an increasingly 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 instrument for endogenous fertility decisions. A commonly used instrument is parental preference for a mixed sex composition of children. Other previously used
instruments for fertility are natural infertility (Agüero & Marks, 2008), successful IVF treatment (Lundborg et al., 2017),
and, in cultures with strong son preferences, the sex of the first child (Lee, 2008).
Besides the nonrandomness of twin births another concern with the twin instrument, raised by Rozenzweig and Zhang
(2009), is that twins have inferior endowments at birth, 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 nontwin 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 the close spacing of
twins makes their child rearing more equal, leading to economics of scale in child quality production. On the other hand,
3
Moreover, several studies that analyze the quantity–quality tradeoff explicitly argue that the twin approach is valid because they study cohorts born
before the introduction of modern fertility treatments (e.g., Angrist et al., 2010; Åslund & Grönqvist, 2010; Black et al., 2005; Cáceres-Delpiano &
Simonsen, 2012).

FARBMACHER ET AL.

459

TABLE 1 Summary statistics for our sample of Swedish mothers
1987–1990
Mean
SD
# mothers
175,011
Socioeconomic characteristics
Age (at first birth)
26.278
4.4761
Less than 9 years of schooling 0.0043
0.0654
9 years of schooling
0.2130
0.4094
2-year high school
0.4474
0.4972
3-year high school
0.1336
0.3402
University or college < 3 years 0.1250
0.3307
University or college ≥ 3 years 0.0753
0.2639
PhD education
0.0012
0.0346
Prepregnancy outcomes (2 years before first birth)
Labor force participation
0.9726
0.1633
Log labor income
11.450
0.8724
Hospitalization
0.1183
0.4492
Twin indicators
Twins (̈z)
0.0103
0.1010
̇
Same-sex twins (z)
0.0073
0.0853

1991–1994
Mean
SD

1995–1998
Mean
SD

1999–2002
Mean
SD

2003–2006
Mean
SD

174,121

142,083

148,603

167,258

26.972
0.0051
0.1552
0.4185
0.1758
0.1522
0.0918
0.0014

4.6268
0.0712
0.3621
0.4933
0.3806
0.3592
0.2887
0.0374

27.864
0.0058
0.1274
0.3378
0.2246
0.1879
0.1145
0.0020

4.7152
0.0760
0.3334
0.4730
0.4173
0.3906
0.3184
0.0447

28.608
0.0045
0.1280
0.1926
0.2963
0.1794
0.1961
0.0031

4.7601
0.0669
0.3341
0.3943
0.4566
0.3837
0.3970
0.0556

29.221
0.0058
0.1014
0.0962
0.3230
0.1479
0.3201
0.0056

4.8397
0.0759
0.3019
0.2949
0.4676
0.3550
0.4665
0.0746

0.9570
11.523
0.1140

0.2027
0.9399
0.4496

0.8883
11.382
0.0992

0.3150
1.1886
0.4331

0.9052
11.562
0.0811

0.2929
1.1740
0.3818

0.9169
11.720
0.0819

0.2760
1.1213
0.3904

0.0149
0.0099

0.1210
0.0989

0.0181
0.0117

0.1334
0.1075

0.0193
0.0119

0.1376
0.1085

0.0156
0.0103

0.1238
0.1007

Note. Labor income is in SEK. Hospitalization is an indicator for at least one inpatient care episode.

mothers with twins will only have one child-related leave and not two.4 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. Another important feature of the twin birth instrument is that the
composition of compliers can change with time since birth. Mothers who did not get twins can catch up with twin-birth
mothers in terms of fertility. This is thoroughly discussed by Braakmann and Wildman (2016). We acknowledge that our
new instrument is not able to address this problem.
We use both Swedish and US data to illustrate our new approach. We revisit the study by Angrist and 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 in having twins. We obtain similar results using Swedish register data both for mothers who had their
first child before the strong rise in fertility treatments and for mothers who had their first child during later periods with
substantially higher twin rates.
We proceed as follows: Section 2 introduces the Swedish administrative dataset and shows the relation of twins' zygosity
with observed and, using a panel approach, unobserved 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.

2
2.1

ZYGOSITY AND S ELECTION O N (UN)OBSERVABLES
Data

We use Swedish register data to assess the importance of selection on observable and unobservable variables. The multigenerational 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 National Patient Register provides information on all
episodes of in-patient care in Sweden. Our sample comprises all mothers who had their first child in the years 1987–2006,
which gives us roughly 45,000 women per year. Table 1 gives some descriptive statistics of our dataset over time. To observe
a sufficient number of twins, we split the observational period into five cohorts each containing four years (i.e., mothers
who had their first child in 1987–1990, … , 2003–2006). For instance, maternal age at first birth was around 26.3 in the
earliest period and 29.2 in the years 2003–2006, reflecting the well-documented delay in childbearing.5
4
In many countries, twin parents have some extra months of leave. In Sweden, twin parents have currently three additional months of leave with
income-related benefits.
5
Interestingly, the sample size decreases considerably in the years between 1995 and 2002. This drop aligns with a well-documented overall decline in
the birth rate in Sweden. The decline is partly caused by the economic downturn in these years, which started with a major economic crisis in Sweden
in the early 1990s (Englund, 1999).
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FIGURE 1 Twin rate in Sweden (firstborn children) by maternal age. Statistics are based on the Swedish register data described in Section
2.1. To compute mono- and dizygotic twinning rates, we apply Weinberg's (1901) rule, as described Section 3

2.2

Twin births in Sweden and the USA

To investigate the changes of twinning in Sweden over time, Figure 1 shows the twin rates across the first child's year
of birth (separately for younger and older women).6 The overall twinning rate remains fairly constant between 1950 and
1980 but increases thereafter. While the steady but mild rise in the twin rate of younger mothers from 1980 onwards can
be attributed to delayed childbearing, the steep increase in the twin rate of older mothers since 1990 mainly follows the
availability of IVF. The drop after 2003 is caused by a recommendation of 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).
As can be seen in Figure 1 (older mothers), the earliest time period (i.e., 1987–1990) we are investigating 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 periods (e.g., 1999–2002), however, are 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 tripled in this age group,
whereas the monozygotic rate remained fairly constant in the same period.
The overall twinning rate in the USA 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 and D'Addato, 2006). Thurin et al. (2004) find that twin or higher-order pregnancies
make up 20–25% of all pregnancies induced by IVF in Sweden, and Kulkarni et al. (2013) estimate that, in the USA, more
than one third of all twins were conceived from fertility-assisted pregnancies. Hence nonrandom selection into twinning
is likely to be of even more relevance in data from the USA.

2.3

Selection on observable and unobservable characteristics

Older women, particularly, 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 subgroup, which may not be comparable to mothers without twins. For instance, delayed childbearing
may help in accumulating more work experience or it may reflect already existing differences in career preferences.
While we can easily determine whether there is any selection on observable characteristics, testing for selection on
unobservables is, by definition, impossible. However, as many economic determinants are inherently persistent, we can
6

To compute the mono- and dizygotic twinning rates, we apply Weinberg's (1901) rule, which we discuss in more detail in Section 3.
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FIGURE 2 Assessing the importance of selection on observables. F-test for joint significance of the regressors from a regression on twin
indicators as outcomes and maternal age, age squared and maternal level of education (seven categories) as regressors. Point estimates from
the regression are reported in Table C.2 (Supporting Information Appendix). Swedish sample of mothers described in Section 2.1. All models
also include year fixed effects

assess the importance of the selection on unobservables by using prepregnancy outcomes. That is, we can test whether,
conditionally on observable characteristics, twin mothers and nontwin mothers were already different before their first
pregnancy. Our prepregnancy outcomes are labor force participation, yearly labor income, and hospitalizations 2 years
before the first birth.7 At this point in time, the future mothers have no children. They might not even know that they
will have children in 2 years, and they surely do not know that they will have twins. Therefore, prepregnancy outcomes
should be causally unaffected by twin births, and the only reason for a prepregnancy difference between the twin and
nontwin groups is selection on unobserved characteristics.
Figures 2 and 3 show how our observed socioeconomic characteristics and the prepregnancy outcomes correlate
with twin births.8 Initially, we regress the twin indicators on mother's age at first birth and level of education, and
report the overall F-statistic of joint significance (Figure 2). The point estimates from these regressions are reported in
Table C.1 (Supporting Information Appendix) showing, for instance, that the probability of a twin birth is increasing in
maternal age.
From the solid line in Figure 2 we see that the usual twin indicator correlates with these observables in all time periods.
The F-statistic increases strongly from 16.29 in 1987–1990 to over 50 in the later years and does not drop until the year
2003 (for the years 2003-2006 the F-statistic is 34.76). This drop coincides with the rethinking of the SET technique in
2003 to avoid implanting several fertilized eggs at once. The increasing F-statistic 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 (dashed line), the value of the overall F-test
statistic decreases by roughly half in all periods. This indicator variable excludes all opposite-sex twins, which cannot be
monozygotic.9 , 10 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 socioeconomic characteristics.11
We obtain similar patterns for the prepregnancy outcomes. Figure 3 shows that—conditionally on the set of
covariates—there are still significant differences between women with and without future twins. In the more recent years,
women had significantly higher incomes 2 years before the birth of their twins. The probability of being hospitalized
7
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 inpatient care.
8
Throughout the paper we control for mother's age at first birth using a quadratic polynomial and dummies for mother's education. All results are
essentially the same when we use a more flexible regression with age dummies. The results are available from the authors upon request.
9
Opposite-sex twins are not dropped from our analysis. One could, in principle, also think about dropping the opposite-sex twins but the results should
be almost the same due to the low frequency of twinning compared to singleton births.
10
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, for instance, an average drop of
the F-test statistic to 11.71 in the years 1987–1990. This is still distinctly larger than the F-test statistics of 7.43 which we obtain from the regressions on
the same-sex twins. This pattern is the same for the other cohorts.
11
The underlying regressions to Figure 2 are reported in Table C.1 (Supporting Information Appendix).
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FIGURE 3 Assessing the importance of selection on unobservables. Differences in prepregnancy outcomes (2 years before first birth).
Estimates and 95% confidence intervals. Labor income is in SEK. Hospitalization is an indicator for at least one inpatient care episode. All
models also include year fixed effects, maternal level of education (seven categories), and a quadratic term in maternal age at birth

was increased in all cohorts.12 The significant twin coefficients suggest that there are other (potentially persistent) unobservable variables that 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, where we will also discuss the remaining results in
Figures 2 and 3.

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 = 𝛽xi + ui ,

(1)

where yi is a scalar denoting the dependent variable, and xi is the number of children or siblings.13 The number of
children is often used as a unidimensional measure of fertility in labor or health economics (e.g., Angrist & Evans
1998; Cáceres-Delpiano & Simonsen, 2012), while the number of siblings is used in the literature analyzing the child
quantity–quality tradeoff (Black et al., 2005; Black, Devereux, & Salvanes, 2010). In the former case 𝛽 is the causal effect
of fertility on labor or health outcomes, and in the the latter case 𝛽 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 socioeconomic characteristics of the parents.
12

We have information on hospitalization for the period 1987–2005. Therefore, we can include only mothers that gave birth in 1989 or 1990 in the
earliest time period sample.
13
For notational ease, we keep additional explanatory variables implicit. Thus we think about yi and xi as variables where the effects of additional
explanatory variables have been partialled out; that is, yi and xi are the residuals of a regression of 𝑦̃i and x̃ i from a wider model on the additional
explanatory variables. In the following, we will suppress the subscript i.

FARBMACHER ET AL.

463

Let z∗ be an indicator pointing to all mothers with monozygotic twins at their first birth.14 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 & AlMufti 2005). Without further tests, these identical twins cannot
be distinguished from fraternal twins unless they have opposite sexes. Typically, neither administrative datasets (like
census data) nor surveys contain information on monozygosity. Therefore, we assume having data only on the classical
twin indicator, which we denote by z̈ , indicating both monozygotic and dizygotic twin births, and an indicator for the
sex composition of the first two children (SX). Following Angrist and Evans (1998), the latter variable is defined as SX =
s1 s2 + (1 − s1 )(1 − s2 ), where s1 and s2 refer to male first-born and second-born children. Note that SX points to all siblings
with the same sex, not only to same-sex twins. Since opposite-sex twins can never be monozygotic, we can also define a
̇ Define
more precise measure for monozygosity, namely the same-sex twin indicator, z.
̇
ż = z∗ + e,
z̈ = z∗ + e = z∗ + ė + ë = ż + ë ,
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 socioeconomic 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. ė = SX × e indicates dizygotic twins with the same
sex, and ë = (1 − SX) × e indicates dizygotic twins with a mixed sex composition. Note that ë is observable as z̈ − ż = ë ,
whereas ė is unobservable for the econometrician, since without further information same-sex dizygotic twins cannot be
distinguished from monozygotic twins.

3.1

Assumptions

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; that is, the following
assumption holds:
Assumption 1. Monozygotic twinning is “less endogenous” than dizygotic twinning:
E(u|z∗ = 1) = 𝜃 ∗ E(u|e = 1) ≠ E(u), with − 1 < 𝜃 ∗ < 1.
Twinning is relevant:
𝜎xz∗ ≠ 0; 𝜎xe ≠ 0,
where z∗ is exogenous when the endogeneity parameter 𝜃 ∗ = 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.
To proceed, we impose two additional assumptions: one medical and one economic. The first assumption is known in
epidemiology and medicine as Weinberg's (1901) differential rule.
Assumption 2. Weinberg's (1901) rule:
Pr(ė = 1) = Pr(̈e = 1).
The rule states 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 (𝜋) is 0.5 (Assumption 2a) and that the sexes in a dizygotic twin set
are independent (Assumption 2b). Although the sex ratio at birth is slightly male biased, this rule is generally considered
as rather robust (Bulmer, 1976; Fellman & Eriksson, 2006; Hardin, Selvin, Carmichael, & Shaw, 2009; Vlietinck, Derom,
& Derom, 1988). Nevertheless, in Supporting Information Appendix A we investigate Assumption 2 using results from
the East Flanders Prospective Twin Survey (EFPTS), and Section 3.3 discusses sensitivity analyses with respect to the
assumption.
14

We abstract from higher orders of multiple births such as triplets, since those are very rare events. In addition, these births are the ones that have
increased the most due to IVF availability.
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FIGURE 4 Twin rate in Sweden (firstborn children). Statistics based on the Swedish register data described in Section 2.1. To compute the
mono- and dizygotic twinning rates, we apply Weinberg's (1901) rule as described Section 3

The economic assumption depends on the application one has in mind. It replaces the usual exogeneity assumption
of the twin birth indicator, E(u|̈z = 1) = E(u|̈z = 0), which is invalid in our setting, by the exogeneity of the sibling sex
composition.
Assumption 3. Sex composition of the children is exogenous:
E(u|SX = 1, e = 1) = E(u|SX = 0, e = 1) = E(u|e = 1).
Assumption 3 states that the same-sex instrument is exogenous within the group of mothers with dizygotic twins. This
is similar to the standard same-sex assumption made by Angrist and Evans (1998), but we argue that our new instrument
has several advantages compared to the standard same-sex instrument. First, the same-sex 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). Second, the twin instrument could be used to study the effects of having two children
instead of only one child, whereas the standard same-sex instrument is only applicable for families with at least two
children. For instance, Lundborg et al., (2017) show that the fertility effects differ depending on the margin that is studied.
Third, twinning usually results in a strong first-stage regression.
Finally, the external validity of the standard same-sex instrument is debatable, since it identifies the local treatment
effect (LATE) for parents that actually have preferences for a mixed-sex offspring, and Agüero and Marks (2008) note
that these women may differ systematically from the population at large. More recently, Bisbee, Dehejia, Pop-Eleches,
and Samii (2017) use data from 139 country–year censuses to study the external validity of the same-sex instrument,
by comparing the actual LATE for one country–year to the extrapolated LATE effect using LATE estimates from other
country–years.15 One conclusion is that the extrapolation works well if it is between similar settings and given that sufficient data are used in the extrapolation. Here, we instead provide additional evidence in favor of the external validity of
monozygotic twinning. To this end, Figure 4 depicts the twin rates by mothers' age at first birth. According to this figure,
monozygotic twinning does not only affect the entire relevant population, but it also seems to be equally likely for women
of all age groups.
One potential threat to Assumption 3 is that having mixed-sex siblings might violate the exclusion restriction.
Rosenzweig and Wolpin (2000) argue that same-sex siblings could affect the marginal utility of leisure and child-rearing
costs and thus have a direct effect on labor market outcomes. As support of this, Rosenzweig and Wolpin (2000) study
expenditures per children in rural India, and conclude that the expenditures are lower for same-sex siblings. Bütikofer
(2010), however, finds no differences in household expenditures for families with different sibling sex composition using
data from richer countries (UK and Switzerland). Moreover, the Swedish Household Budget Survey shows that important child-rearing costs like clothes and shoes only account for about 5.0–6.3% of the total household consumption,
mainly depending on the number of children (Statistics Sweden, 2010). All this supports Assumption 3. In Section 3.3,
15

Specifically, they first characterize the complier populations, and then use these characterizations to extrapolate the LATE estimates from some
country–year(s) to another country–year.
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we also propose a sensitivity analysis approach to examine the robustness of the estimates with respect to violations of
Assumption 3. This could, for instance, be important if our new approach is applied to data from developing countries.

3.2

Identification

In the following, we discuss what can be learned about 𝛽 using the available information about twinning and the siblings'
sex composition. Define 𝛽zIV as the probability limit of the IV estimator for 𝛽 with z as the instrumental variable. The
corresponding estimator is defined as 𝛽̂zIV . We will use the following notation: 𝜎 ab denotes the covariance between any two
random variables a and b, and 𝜋 a denotes the probability that a binary random variable a is equal to 1. We will also make
use of the following relation: If d and w are random variables, where d is binary and E(w) = 0, then 𝜎 wd = 𝜋 d E(w|d = 1).
Using z∗ as instrument, we asymptotically get
𝛽zIV∗ ≡

𝜎𝑦z∗ Ass.1
𝜋z∗ 𝜃 ∗ E(u|e = 1)
= 𝛽+
.
𝜎xz∗
𝜎xz∗

Although 𝛽̂zIV∗ would be consistent if Assumption 1 holds and 𝜃 ∗ = 0, it is infeasible since monozygotic twinning is
generally unobserved. Estimation based on the observed but misclassified instruments will always be inconsistent, as
𝜎𝑦ż Ass.1
𝜋z∗ 𝜃 ∗ E(u|e = 1) 𝜎uė
= 𝛽+
+
,
𝜎xż
𝜎xż
𝜎xż
𝜎𝑦̈z Ass.1
𝜋z∗ 𝜃 ∗ E(u|e = 1) 𝜎uė
𝜎
≡
= 𝛽+
+
+ üe ,
𝜎ẍz
𝜎ẍz
𝜎ẍz 𝜎ẍz

𝛽zIV
̇ ≡
𝛽z̈IV

(2)

and because 𝜎uė ≠ 0 and 𝜎üe ≠ 0 due to the nonrandom selection process behind dizygotic twinning. However, using
Weinberg's law (Assumption 2) and the same-sex exogeneity assumption (Assumption 3), the following result can be
derived:
Proposition 1. If Assumptions 2 and 3 hold, then
𝜎uė = 𝜎uë .
Proof. Note that by the definitions of ė = SX × e and ë = (1 − SX) × e, it follows that E(u|ė = 1) = E(u|SX = 1, e = 1)
and E(u|̈e = 1) = E(u|SX = 0, e = 1). Furthermore,
𝜎uė = 𝜋ė E(u|ė = 1)
= 𝜋ė E(u|SX = 1, e = 1)
Ass. 2

= 𝜋ë E(u|SX = 1, e = 1)

Ass. 3

= 𝜋ë E(u|SX = 0, e = 1)

= 𝜋ë E(u|̈e = 1) = 𝜎üe .
Using Proposition 1 we can derive the following moment condition:
E(ūz(𝜃)) = 0,

(3)

where z̄ (𝜃) = ż −𝜆(𝜃)̈e is a weighted average of two observed variables with 𝜆(𝜃) = 1−𝜃(1−𝜋ż ∕𝜋ë ). The moment condition
holds if 𝜃 = 𝜃 ∗ , as
cov(u, z̄ (𝜃)) = cov(u, z∗ + ė − 𝜆(𝜃)̈e)
̃ üe
= 𝜎uz∗ + 𝜎uė − 𝜎üe − 𝜃 𝜋𝜎
Prop. 1

= 𝜋z∗ E(u|z∗ = 1) − 𝜃 𝜋𝜎
̃ üe

Ass. 1

= 𝜋z∗ 𝜃 ∗ E(u|e = 1) − 𝜃 𝜋𝜎
̃ üe

Ass. 3

= 𝜋z∗ 𝜃 ∗ 𝜎üe ∕𝜋ë − 𝜃 𝜋𝜎
̃ üe

Ass. 2

= ((𝜋ż − 𝜋ë )∕𝜋ë )𝜃 ∗ 𝜎üe − 𝜃 𝜋𝜎
̃ üe

= (𝜃 ∗ − 𝜃)𝜋𝜎
̃ üe ,
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where 𝜋̃ = 𝜋ż ∕𝜋ë − 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 𝜆(𝜃) also depends on the degree to which monozygotic twins are endogenous.
In the special case where monozygotic twinning is assumed to be exogenous (that is, 𝜃 ∗ = 0), we get the new instrument
z̄ (0) = z̈ − 2̈e by simply subtracting the opposite-sex twins (̈e) twice from the classical twin instrument (̈z). 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 characteristics than dizygotic twinning
(i.e., −1 < 𝜃 ∗ < 1), we can obtain a set of estimates for 𝛽 under different assumptions about the degree of endogeneity of
monozygotic twinning. For this we construct z̄ (𝜃) for a grid of values of the endogeneity parameter 𝜃 (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 and 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, that is, 𝜆 = 𝜌zu ∕𝜌xu ∈ (0, 1). Knowledge of 𝜆 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 assuming 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 𝛽 by assuming that
there is no selection on unobservables at the value of 𝜃, which minimizes the selection on observables. This idea is similar to the approach of Altonji, Elder, and Taber (2005), who also use selection on observables to infer on the selection on
unobservables. In a similar way, we assume that the 𝜃 which minimizes the correlation between the instrument z̄ (𝜃) 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 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 Figure 2 for all cohorts to assess how the new instrument
correlates with mothers' observed characteristics. While the F-statistic of the classical twin instrument and the same-sex
twin instrument resembles the IVF-induced twin birth boom depicted in Figure 1, the F-statistic of our proposed instrument is between 0.78 and 1.59, and is never significant. This indicates that the observables cannot explain the variation
in our new instruments. Turning to the remaining results in Figure 3, we find that selection on unobservables is reduced
as well, in particular in the more recent cohorts. The proposed instrument is never correlated with the prepregnancy
outcomes.

3.3

Sensitivity analyses

We now propose a sensitivity analysis approach with respect to violations of Assumptions 2 and 3. It turns out that a
violation of both assumptions can be captured in the same framework. Assuming 𝜃 ∗ = 0 (i.e., monozygotic twinning is
exogenous), any violations of Assumption 2 and 3 only affect Proposition 1. A generalized version of Assumption 2 is as
follows:
Assumption 2g. Generalized Weinberg's (1901) rule:
(
Pr(ė = 1) = Pr(̈e = 1)

)
1
−1 .
2𝜋(1 − 𝜋)

Assumption 2 is a special case of Assumption 2g with 𝜋 = 0.5, where 𝜋 denotes the probability of a male dizygotic twin.
It is also possible to generalize Assumption 3:
Assumption 3g. Generalized version of sex composition is exogenous:
E(u|ė = 1) = 𝛾 E(u|̈e = 1).
In Assumption 3, we achieve identification by setting 𝛾 = 1. If the outcome of interest is maternal labor supply, 𝛾 > 1
implies that mothers with dizygotic twins with a mixed sex composition (ë) have, on average, lower labor supply than
̇ One reason for this could be complementarities of raising children of the
the mothers with same-sex dizygotic twins (e).
same sex, possibly leading to higher maternal labor supply. Under Assumptions 2g and 3g, Proposition 1 changes to
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𝜎uė = 𝜋ė E(u|ė = 1)
(
)
Ass. 2g
1
=
− 1 𝜋ë E(u|ė = 1)
2𝜋(1 − 𝜋)
(
)
Ass. 3g
1
=
− 1 𝜋ë 𝛾E(u|̈e = 1)
2𝜋(1 − 𝜋)
(
)
1
=𝛾
− 1 𝜎üe .
2𝜋(1 − 𝜋)
Interestingly, both violations change Proposition 1 in a multiplicative way. We therefore analyze the robustness of our
estimates with respect to 𝛾. To do this we need to have information on plausible values of 𝛾. For violations of Weinberg's
rule, we have that the probability of a male dizygotic twin is roughly 0.5144 [99%CI = (0.5009; 0.5279)], according to
the East Flanders Prospective Twin Survey (described in online Appendix A). This 99% confidence interval of 𝜋 would
correspond to 𝛾 ∈ [1.000; 1.006]. For violations of the same-sex assumption, it is more difficult to assess the range of
plausible values of 𝛾. In the two applications we will apply a conservative approach and show results for a 20% violation
of Assumption 3 (i.e., 𝛾 ∈ [0.8; 1.2]).

4
4.1

EMPIRICAL APPLICAT IONS
Swedish register data

We now apply our new instrument to the Swedish cohort-based samples introduced in Section 2. Our outcome variables
are labor force participation and yearly labor income 1 year after the birth of the first child. We are interested in the effects
̇ or our (̄z) twin
of having more than one child 1 year after the first birth and use either the classical (̈z), the same-sex (z)
16
indicator as instruments. If, as we have demonstrated in Section 2, twinning is more endogenous in the recent years
than in the earliest cohort, we expect 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 recent years. We control for mothers'
age at first birth and education, as well as time (year) fixed effects.17 Note that, within the 1987–1990 cohort, about 10%
of the mothers had more than one child the year after the first birth, whereas this figure is 8% for the 2003–2006 cohort.
Table 2 reports estimates for labor force participation; Table C.2 reports estimates for labor income and Table C.3
for log-labor income (Supporting Information Appendix). Apart from the log-labor income regression in the 1995–1998
cohort, our new instrument gives the strongest effect out of all IV regressions, correcting for positively selected mothers
with dizygotic twins. In the earlier two cohorts, the correction is not that important. For example, for the earliest cohort,
the estimated effect on labor force participation (Table 2) is −6.0% when using the classical twin instrument and −9.4%
when using the new instrument—a relative difference of more than half. The results are similar for the years 1991–1994.
For two of the three more recent cohorts, the correction is even stronger, with a relative difference by a factor of around
1.5. For instance, for the middle cohort (i.e., 1995–1998), the estimated effect on labor force participation is −5.8% with the
usual twin instrument and −13.6% with our new instrument. These are economically relevant differences. On the other
hand, we also observe that the standard errors are two to three times as large with our new instrument. In Supporting
Information Appendix B, we further investigate the statistical relevance of these differences. The corresponding ordinary
least squares (OLS) estimate is −7.4% in the earliest cohort and −9.6% in the most recent cohort. The table also reports
the first-stage F-statistics.18
Tables C.2 and C.3 (Supporting Information Appendix) report estimates for labor income and log-labor income. The
pattern for log-labor income (Table C.3) is similar to the effects on labor force participation, but with a lower magnitude.19 Table C.2 contains estimates for labor income in levels, which comprises the effect of fertility on the extensive and
16

Sample 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,
whereas here they only need to be working 1 year after their first birth.
17
Mother's education is taken from the year of their first birth. If this was missing, we use the information from up to seven subsequent years. As the
sample sizes in Table 2 indicate, there was a strong birth decline during the late 1990s.
18
Note that the first-stage F-statistic seems extremely large for the z̈ and ż instruments, which comes from the fact that as we are looking at short-run
outcomes only 1 year after first birth, about 10% (19%) of all mothers that have more than one child gave birth to twins in the 1987–1990 (2003–2006)
cohort.
19
The estimates of the log-income regression in the 1995–1998 cohort indicate a negative selection. As all the other results point to a positive selection,
we regard this as an outlier.
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TABLE 2 Effect of having more than one child 1 year after birth on labor force
participation—Swedish data
OLS

2SLS
z̈

First child born between 1987 and 1990 (N = 184, 587)
More than one child
−0.074***
−0.060***
(0.003)
(0.010)
First-stage F-statistic
1,507,227
First child born between 1991 and 1994 (N = 182, 748)
More than one child
−0.087***
−0.072***
(0.004)
(0.009)
First-stage F-statistic
1,586,409
First child born between 1995 and 1998 (N = 149, 872)
More than one child
−0.117***
−0.058***
(0.004)
(0.010)
First-stage F-statistic
1,775,343
First child born between 1999 and 2002 (N = 158, 229)
More than one child
−0.105***
−0.028***
(0.004)
(0.008)
First-stage F-statistic
1,936,390
First child born between 2003 and 2006 (N = 178, 718)
More than one child
−0.096***
−0.041***
(0.004)
(0.009)
First-stage F-statistic
2,071,708

ż

z̄

−0.070***
(0.012)
1,449,942

−0.094***
(0.023)
414

−0.079***
(0.012)
1,498,477

−0.101***
(0.028)
337

−0.076***
(0.011)
1,591,219

−0.136***
(0.031)
249

−0.032***
(0.010)
1,717,190

−0.045
(0.034)
179

−0.057***
(0.011)
1,891,536

−0.105***
(0.027)
323

Note. Each cell reports estimates from one separate regression. OLS and 2SLS estimates using the Swedish data
described in Section 2.1. Outcome is an indicator for labor force participation. z̈ is an indicator equal to one if the
mother gave birth to twins at first birth, ż indicates same-sex twins at first birth, and z̄ is our new twin instrument.
Control variables are mother's education (7 dummies), a quadratic polynomial of age at first birth, and year fixed
effects. Robust standard errors in parentheses. Asterisks indicate significance at the level of: ***1%; **5%; *10%.

intensive margin. Again, the largest difference between the old and the new instrument can be seen in the 1995–1998
cohort, where the effect on labor force participation clearly outweighs the effect on log-income.

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 and Evans (1998). The sample consists of all (married and unmarried) mothers aged 21–35 with at least
two children from the 1980 US Census.20 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 Angrist and
Evans, Table 2.
Angrist and Evans (1998) use the usual twin indicator (̈z) and an indicator for same-sex siblings. To this we add the
̇ and our two new instruments. z̄ (0) is constructed by assuming that 𝜃 = 0; that is, monozygotic
same-sex twin indicator (z)
twins are uncorrelated with the structural error term. In practice, this delivers an instrument that takes on a value of −1 for
all opposite-sex twins, a value of 1 for same-sex twins, and 0 for non-twin mothers. To construct z̄ (𝜃min ), we derive 𝜃min as
the 𝜃 which minimizes the overall F-statistic in a regression of z̄ (𝜃) on the covariates. A grid search delivers 𝜃min = −0.07
for the whole sample and 𝜃min = 0.01 for the sample of working mothers.
We study the effects of having more than two children on annual labor income using our various instruments. The
covariates are the same as in Angrist and Evans (1998), but our sample size is 394,840 instead of 394,835. The first panel
of Table 3 shows results for labor income as the dependent variable. Column 1 reports a highly significant negative effect
of −3,762 on annual labor income when we use OLS to estimate the fertility parameter. Using twins as instrument this
coefficient reduces to −1,228 (column 2). We also find large differences between the estimated effects using the usual
instruments and those from using our new twin instruments. 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 (−1,228), but almost doubles
(−2,465 and −2,333) when using z̄ (0) or z̄ (𝜃min ). The increase in the coefficients indicates that dizygotic twin mothers are
20

Angrist and Evans restricted their analysis using twins to data from the 1980 US Census, which allows us to reliably identify twins using quarter
of birth.
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TABLE 3 Effect of having more than two children—US Census data
OLS

2SLS
z̈

ż

z̄ (0)

z̄ (𝜃min )

Same-sex

−1,228***
(299)
60,239
9.45***

−1,586***
(320)
44,576
3.85***

−2,465***
(738)
632
1.13

−2,333**
(1,000)
855
1.11

−1,902***
(546)
1,675
2.04*

Worked for pay in last year (N = 394, 840)
More than two children
−0.176***
(0.002)
First-stage F-statistic
Selection on observables (F-stat.)

−0.081***
(0.014)
60,239
9.45***

−0.082***
(0.017)
44,576
3.85***

−0.084**
(0.034)
632
1.13

−0.084**
(0.040)
855
1.11

−0.117***
(0.025)
1,675
2.04*

Log(yearly labor income) (N = 220, 502)
More than two children
−0.353***
(0.006)
First-stage F-statistic
Selection on observables (F-stat.)

−0.072
(0.045)
35,754
8.65***

−0.112**
(0.054)
25,484
3.53***

−0.215*
(0.117)
292
0.72

−0.217
(0.189)
280
0.72

−0.135
(0.092)
841
1.75*

Yearly labor income (N = 394, 840)
More than two children

−3,762***
(34)

First-stage F-statistic
Selection on observables (F-stat.)

Note. OLS and 2SLS estimates using data from the 1980 US Census. All models also include age, age at first birth, sex of first
child, sex of second 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 first and second child for the
same-sex instrument. z̈ is an indicator equal to one if the mother gave birth to twins at first birth, ż indicates same-sex twins at
first birth, and z̄ is our new twin instrument. 𝜃min equals −0.07 for worked in last year sample and 0.01 in the sample of working
mothers. Robust standard errors in parentheses. For the regression with z̄ (𝜃min ) we use a bootstrap with 1,000 replications to
obtain the standard errors. Asterisks indicate significance at the level of: ***1%; **5%; *10%.

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 preferences may also be more likely to postpone motherhood, which would increase
the likelihood of dizygotic twinning. The estimate for labor income using the same-sex instrument of −1,902 is in between
the estimates from the twin instruments. The different effect size can be attributed to the identification of different local
average treatment effects (Angrist, Imbens, & Rubin, 1996). Note that the first stage F-statistic of 632 and 855 of the new
̇ but are still clearly above the rule of thumb
instruments are much lower than those of the usual twin instruments z̈ and z,
value of 10 (Staiger & Stock, 1997).
The last row in the first panel of Table 3 reports the F-statistics of regressions of each respective instrument on the
covariates to assess the importance of selection on observables in the US data. 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' observable 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.
Panels two and three of Table 3 report results for the probability of working and log-labor income. In the latter case we
exclude mothers with zero earnings. For the probability of working we see small differences between the different IV estimates. For log-labor income we see a similar pattern as for labor income, with larger labor supply effects when using our
̇ Remember that
new instruments (̄z) compared to the usual twin instrument (̈z) and the same-sex twin instrument (z).
the primary reason why we would expect a different estimate from the conventional twin instrument and our new instrument is that dizygotic mothers are positively selected, with respect to—among many other variables—career preferences.
Thus our results for 1980 indicate that the unobserved heterogeneity relating to the extensive labor supply margin (probability of working) is limited, while the unobserved heterogeneity relating to the intensive margin (log-labor income) is
more substantial.
Finally, we make a detailed comparison of the results from the two applications. Note that Angrist and Evans (1998) use
cross-sectional census data from 1980 where fertility and outcome variables are only observed in that year, whereas in the
Swedish application outcomes are observed 1 year after first birth. For comparison reasons we also construct a Swedish
sample in a similar way to the Angrist and Evans census data, using fertility and labor market outcomes in 1990 and
applying the same sample restrictions as in Angrist and Evans. In line with Angrist and Evans, the endogenous variable
of interest is now an indicator equal to one if the mother has more than two children. With this sample we use the twins
instruments and the same-sex instrument. The results for the 1990 Swedish “census” in Table C.4 (Supporting Information
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Appendix). reveal smaller labor supply and income effects for Sweden compared to the US data.21 The difference in IV
estimates for labor income in levels and logs are, however, not very different across the twin-based instruments. The
effect on income using the same-sex instrument (−23,765 SEK, i.e., roughly −$4,021) are considerable larger not only
compared to the estimates using our new instrument (−7,544 SEK, i.e., roughly −$1,276) but also in comparison to the
corresponding estimates in the US data (−$1,902). This may point to a rather special complier group for the same-sex
instrument in Sweden.

4.3

Sensitivity analyses

We now report results from the sensitivity analysis as described in Section 3.3. Figures C.2 and C.1 (Supporting Information Appendix) report results for the Swedish and the US data, respectively. We report results for a 20% violation of
Assumption 3g (i.e., 𝛾 ∈ [0.8; 1.2]). In the US data a 20% violation of Assumption 3 still leaves the reported estimates in the
labor force participation regression almost unchanged. The point estimates of the wage regression change slightly with
𝛾 (getting larger in absolute terms). The estimates remain significant. In contrast to the US results, the Swedish results
are very robust in the wage regression and vary slightly in the labor force participation regression. The estimates remain
clearly significant.

5

CO N C LUSION S

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 𝜃, which reflects the researcher's assumption about the strength of the relation between the structural error term and
monozygotic twinning, relative to dizygotic twinning.
Although exogeneity is not directly testable, we find supporting evidence for the exogeneity of monozygotic twinning
(corresponding to 𝜃 = 0). First, we do not find significant correlations between observed covariates and our new instrument. More importantly, we do not find any significant correlation between our instrument and the lagged dependent
outcomes, which contain (time constant) unobservables.
We could, however, also assume that monozygotic twins are not fully exogenous but are less endogenous than dizygotic
twins (𝜃 ∈ (−1, 1)). In this case we propose to set the parameter 𝜃 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 and same-sex twins), we
show using Swedish register data that the new instrument is completely unrelated to important prepregnancy 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 dizygotic twins.

ACKNOWLEDGMENTS
We are grateful for helpful suggestions from the Editor Edward Vytlacil, four anonymous referees, Marcus Eliason, Martin Nybom, Martin Weidner, and participants at the International Association for Applied Econometrics conference,
the Econometric Society World congress, the Royal Economic Society annual conference, the Verein für Socialpolitik
annual conference and IFAU. Guber acknowledges funding through the International Doctoral Program “Evidence-Based
Economics” of the Elite Network of Bavaria. Vikström acknowledges support from the Ragnar Söderberg Foundation.

REFERENCES
Agüero, J., & Marks, M (2008). Motherhood and female labor force participation: Evidence from infertility shocks. American Economic Review,
98(2), 500–504.
21

Note that the average exchange rate was 5.91 SEK to 1 USD in 1990.

FARBMACHER ET AL.

471

Altonji, J. G., Elder, T. E., & Taber, C. R (2005). Selection on observed and unobserved variables: Assessing the effectiveness of Catholic schools.
Journal of Political Economy, 113(1), 151–184.
Angrist, J. D., & Evans, W. N (1998). Children and their parents' labor supply: Evidence from exogenous variation in family size. American
Economic Review, 88(3), 450–477.
Angrist, J. D., Imbens, G. W., & Rubin, D. B (1996). Identification of causal effects using instrumental variables. Journal of the American
Statistical Association, 91(434), 444–455.
Angrist, J. D., Lavy, V., & Schlosser, A (2010). Multiple experiments for the causal link between the quantity and quality of children. Journal
of Labor Economics, 28(4), 773–824.
Ashley, R. (2009). Assessing the credibility of instrumental variables inference with imperfect instruments via sensitivity analysis. Journal of
Applied Econometrics, 24(2), 325–337.
Åslund, O., & Grönqvist, H (2010). Family size and child outcomes: Is there really no trade-off? Labour Economics, 17(1), 130–139.
Becker, G. S., & Lewis, H. G (1973). On the interaction between the quantity and quality of children. Journal of Political Economy, 81(2), 279–288.
Bergh, C. (2005). Single embryo transfer: A mini-review. Human Reproduction, 20(2), 323–327.
Bisbee, J., Dehejia, R., Pop-Eleches, C., & Samii, C (2017). Local instruments, global extrapolation: External validity of the labor supply–fertility
local average treatment effect. Journal of Labor Economics, 35(S1), S99–S147.
Black, S. E., Devereux, P. J., & Salvanes, K. G (2005). The more the merrier? The effect of family size and birth order on children's education.
Quarterly Journal of Economics, 120(2), 669–700.
Black, S. E., Devereux, P. J., & Salvanes, K. G (2007). From the cradle to the labor market? The effect of birth weight on adult outcomes. Quarterly
Journal of Economics, 122(1), 409–439.
Black, S. E., Devereux, P. J., & Salvanes, K. G (2010). Small family, smart family? Family size and the IQ scores of young men. Journal of Human
Resources, 45(1), 33–58.
Bomsel-Helmreich, O., & Al Mufti, W (2005). The phenomenon of monozygosity: Spontaneous zygotic splitting. In I. Blickstein, & L. G. Keith
(Eds.), Multiple pregnancy: Epidemiology, gestation, and perinatal outcome (pp. 94–101). Boca Raton, FL: CRC Press.
Bortolus, R., Parazzini, F., Chatenoud, L., Benzi, G., Bianchi, M. M., & Marini, A (1999). The epidemiology of multiple births. Human
Reproduction Update, 5(2), 179–187.
Braakmann, N., & Wildman, J (2016). Reconsidering the effect of family size on labour supply: The twin problems of the twin birth instrument.
Journal of the Royal Statistical Society, Series A, 179(4), 1093–1115.
Bronars, S. G., & Grogger, J (1994). The economic consequences of unwed motherhood: Using twin births as a natural experiment. American
Economic Review, 84(5), 1141–1156.
Bulmer, M. G. (1976). Is Weinberg's method valid? Acta Geneticae Medicae et Gemellologiae, 25, 25–28.
Butcher, K. F., & Case, A (1994). The effect of sibling sex composition on women's education and earnings. Quarterly Journal of Economics,
109(3), 531–563.
Bütikofer, A. (2010). Sibling sex composition and cost of children. (Working paper), Norwegian School of Economics, Bergen, Norway.
Cáceres-Delpiano, J. (2006). The impacts of family size on investment in child quality. Journal of Human Resources, 41(4), 738–754.
Cáceres-Delpiano, J., & Simonsen, M (2012). The toll of fertility on mothers' wellbeing. Journal of Health Economics, 31(5), 752–766.
Chan, J. C. C., & Tobias, J. L (2015). Priors and posterior computation in linear endogenous variable models with imperfect instruments. Journal
of Applied Econometrics, 30(4), 650–674.
Conley, T. G., Hansen, C. B., & Rossi, P. E (2012). Plausibly exogenous. Review of Economics and Statistics, 94(1), 260–272.
Derom, C. A., Vlietinck, R. F., Thiery, E. W., Leroy, F. O., Fryns, J. P., & Derom, R. M (2006). The east flanders prospective twin survey (EFPTS).
Twin Research and Human Genetics, 9(06), 733–738.
Englund, P. (1999). The Swedish banking crisis: Roots and consequences. Oxford Review of Economic Policy, 15(3), 80–97.
Fauser, B. C., Devroey, P., & Macklon, N. S (2005). Multiple birth resulting from ovarian stimulation for subfertility treatment. Lancet, 365(9473),
1807–1816.
Fellman, J., & Eriksson, A. W (2006). Weinberg's differential rule reconsidered. Human Biology, 78(3), 253–275.
Figlio, D., Guryan, J., Karbownik, K., & Roth, J (2014). The effects of poor neonatal health on children's cognitive development. American
Economic Review, 104(12), 3921–3955.
Hall, J. G. (2003). Twinning. Lancet, 362(9385), 735–743.
Hardin, J., Selvin, S., Carmichael, S. L., & Shaw, G. M. (2009). The estimated probability of dizygotic twins: A comparison of two methods.
Twin Research and Human Genetics, 12(1), 79–85.
Jacobsen, J. P., Pearce, J. W. III, & Rosenbloom, J. L (1999). The effects of childbearing on married women's labor supply and earnings: Using
twin births as a natural experiment. Journal of Human Resources, 34(3), 449–474.
Kraay, A. (2012). Instrumental variables regressions with uncertain exclusion restrictions: A Bayesian approach. Journal of Applied Econometrics, 27(1), 108–128.
Kulkarni, A. D., Jamieson, D. J., Jones, H. W. Jr, Kissin, D. M., Gallo, M. F., Macaluso, M., & Adashi, E. Y (2013). Fertility treatments and
multiple births in the United States. New England Journal of Medicine, 369(23), 2218–2225.
Lee, J. (2008). Sibling size and investment in children's education: An Asian instrument. Journal of Population Economics, 21(4), 855–875.
Lundborg, P., Plug, E., & Rasmussen, A. W (2017). Can women have children and a career? IV evidence from IVF treatments. American
Economic Review, 107(6), 1611–1637.

472

FARBMACHER ET AL.

MacGillivray, I., Samphier, M., & Little, J (1988). Factors affecting twinning. In I. MacGillivray, D. M. Campbell, & B. Thompson (Eds.),
Twinning and twins (pp. 67–97). New York, NY: Wiley.
Martin, J. A., Hamilton, B. E., & Osterman, M. J (2012). Three decades of twin births in the United States, 1980–2009. NCHS Data Brief, January,
80, 1–8.
Mogstad, M., & Wiswall, M (2016). Testing the quantity–quality model of fertility: Estimation using unrestricted family size models.
Quantitative Economics, 7(1), 157–192.
Nevo, A., & Rosen, A. M (2012). Identification with imperfect instruments. Review of Economics and Statistics, 94(3), 659–671.
Pison, G., & D'Addato, A. V (2006). Frequency of twin births in developed countries. Twin Research and Human Genetics, 9(2), 250–259.
Reddy, U. M., Branum, A. M., & Klebanoff, M. A (2005). Relationship of maternal body mass index and height to twinning. American College
of Obstetricians and Gynecologists, 105(3), 593–597.
Rosenzweig, M. R., & Zhang, J (2009). Do population control policies induce more human capital investment? Twins, birth weight and China's
“one-child” policy. Review of Economic Studies, 76(3), 1149–1174.
Rosenzweig, M. R., & Wolpin, K. I (1980a). Life-cycle labor supply and fertility: Causal inferences from household models. Journal of Political
Economy, 88(2), 328–348.
Rosenzweig, M. R., & Wolpin, K. I (1980b). Testing the quantity–quality fertility model: the use of twins as a natural experiment. Econometrica,
48(1), 227–240.
Rosenzweig, M. R., & Wolpin, K. I (2000). Natural “natural experiments” in economics. Journal of Economic Literature, 38(4), 827–874.
Staiger, D., & Stock, J. H (1997). Instrumental variables regression with weak instruments. Econometrica, 65(3), 557–586.
Statistics Sweden (2010). Household Budget Survey (HBS) 2007–2009: Expenditures and Income. Stockholm, Sweden: SCB.
Thurin, A., Hausken, J., Hillensjö, T., Jablonowska, B., Pinborg, A., Strandell, A., & Bergh, C (2004). Elective single-embryo transfer versus
double-embryo transfer in in vitro fertilization. New England Journal of Medicine, 351(23), 2392–2402.
Tong, S., & Short, R. V (1998). Dizygotic twinning as a measure of human fertility. Human Reproduction, 13(1), 95–98.
Vlietinck, R., Derom, C., & Derom, R (1988). The validity of Weinberg's rule in the East Flanders Prospective Twin Survey (EFPTS). Acta
Geneticae Medicae et Gemellologiae, 37, 137–141.
Weinberg, W. (1901). Beiträge zur Physiologie und Pathologie der Mehrlingsgeburten beim Menschen. Pflügers Archiv—European Journal of
Physiology, 88(6–8), 346–430.

SUPPORTING INFORMATION
Additional Supporting Information may be found online in the supporting information tab for this article.

How to cite this article: Farbmacher H, Guber R, Vikström J. Increasing the credibility of the twin birth
instrument. J Appl Econ. 2018;33:457–472. https://doi.org/10.1002/jae.2616

