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Abstract

We estimate the impact of having siblings on the cognitive and non-cognitive
development of first-born children. By exploiting quasi-experimental variation
in the sequence of parents’ in vitro fertilization (IVF) attempts for a second
child, we identify effects for first-born children who would remain only chil-
dren if all IVF attempts fail. Using Danish administrative registers linked to
nationwide school surveys, we find that siblings have little effect on test perfor-
mance (math and reading), personality traits (conscientiousness, agreeableness,
emotional stability), or classroom and school well-being. Overall, we conclude
that having siblings neither harms nor spurs the first-borns’ cognitive and non-

cognitive development.
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1 Introduction

With collapsing fertility rates worldwide, families with only one child are becoming
increasingly common (Bhattacharjee & others., 2024). In the US, for instance, the
share of one-child families more than doubled, from 10 percent in 1976 to 22 percent
in 2015 (Pew Research Center, 2015). In China, which introduced its one-child policy
in 1979, 70 percent of all urban families with children in 2005 were one-child families
(National Bureau of Statistics, 2007). And in Denmark, which is the focus country
in our study, the share of one-child families is nowadays 21 percent (Statistics Den-
mark, 2023).! Because there are more only children than ever before, we believe it
is important to call attention to these children and learn more about their cognitive
and non-cognitive development.

In this study, we examine how only children fare in primary and secondary school
and explore how they compare to children with siblings. Specifically, we ask whether
first-born children (aged 7 to 16) perform better or worse in school depending on
whether they have siblings. This question is not so easy to answer, however. On the-
oretical grounds, any outcome is possible. In Becker’s quantity-quality model, chil-
dren without siblings benefit from undivided parental time and money resources and
receive greater investment in their cognitive and non-cognitive development (Becker,
1960; Becker & Lewis, 1973; Becker & Tomes, 1986). In contrast, the confluence
model developed by Zajonc & Markus (1975), and later expanded by Zajonc (1976),
emphasizes the importance of sibling interactions in shaping development. According
to this model, only children, lacking younger siblings, miss out on valuable opportu-
nities for social and cognitive interactions that spur development.

On empirical grounds, existing evidence is limited. Most studies directly compare

the cognitive and non-cognitive outcomes of children with and without siblings, which

ISeveral factors help explain the rise of one-child families, including increased divorce rates,
which interrupted initial fertility plans; improved educational and labor market opportunities for
women, which raised the opportunity costs of childrearing; delayed motherhood, which shortened
fertility windows; greater access to modern contraceptives, which enhanced reproductive control; and
invasive one-child policies, which limited family size by law. Illustrative studies supporting these
explanations include Blake (1985), Fong (2004), Lundberg & Pollak (2007), Feyrer et al. (2008), and
Miller (2010). For a comprehensive review on the economics of declining fertility rates, see Doepke
et al. (2023) and Goldin (2024).



is not sufficient to make causal claims.? For this, we need a natural experiment that
generates variation in the likelihood of having siblings that is as good as random.

The natural experiment we exploit is based on in vitro fertilization (IVF) treat-
ments in Denmark. In particular, we study one-child families who undergo IVF in
an effort to have a second child and use success at the first IVF attempt (condi-
tional on the parents’ age and year of treatment) as a plausibly exogenous source of
variation in whether the first-born child gains a sibling. Following Lundborg et al.
(2017, 2024), we use this variation as an instrument to estimate the causal effect of
having siblings on cognitive and non-cognitive outcomes.® For our analyses, we link
nationwide school survey data with rich administrative records to construct a sample
of first-born children whose parents initiated IVF for a second child.

Like many other studies on only children, we find negative correlations between
sibling status and the cognitive and non-cognitive outcomes of first-born children.
Compared to those with siblings, only children score lower on math and reading
tests, are more neurotic, less conscientious and agreeable, and report lower levels of
happiness. These correlations are all sizeable and statistically significant. Once we
move from correlations to causal estimates, however, we find that siblings no longer
have a significant impact on these outcomes. While our estimates are all statistically
insignificant, they are in most cases not precise enough to rule out sizable effects.
One possible explanation is that our IV-IVF strategy identifies the sibling effect for a
relatively small group of first-born children. These are the compliers in our setting and
consist of those first-born children who would remain only children if their parents’
first IVF attempt fails. Most first-born children in our sample, however, go on to
have a sibling after a first failed attempt.

Our solution involves the identification of sibling effects for a larger group of first-
born children. Following Ilciukas (2024), we exploit quasi-experimental variation in
both first and later IVF attempts, adapt our IV-IVF strategy, and identify effects for
those first-born children who would remain only children not only if the first attempt

fails but also if later attempts fail. We refer to these children as reliers as their parents

2This is also what Falbo (2012) concludes in one of her only-child reviews: “if we find differences
in the outcomes between only children and those with siblings we should be aware that many other
factors contribute to these differences, not just the lack of siblings” (Falbo, 2012, p. 47).

3Lundborg et al. (2017) introduced this IV-IVF strategy, though in a different context: they use
success at the first IVF cycle among childless couples to estimate the causal effect of having children
on the careers of women (and men).



rely on IVF for a second child. To make the idea of a larger group of first-born children
more concrete, we use the quasi-random success of later IVF attempts to identify
the potential outcomes of first-born children with first-attempt IVF siblings in the
hypothetical scenario where their parents, after a first failed attempt, continued to
experience failures and eventually stopped treatment. The larger group of first-born
reliers will, all else equal, translate into more precise estimates and reduce concerns
about possible exclusion violations. Using the improved IV-IVF strategy, we continue
to find that siblings have no impact on the cognitive and non-cognitive outcomes of
first-born children. Moreover, the improved estimates are all close to zero, statistically
insignificant, and sufficiently precise to rule out any meaningful effects.

The last question we ask is whether our results generalize to first-born children
raised in more representative families. There are several reasons why sibling effects
might be weaker in IVF-treated families: they are richer and less bound by financial
constraints; they are more educated and better informed on how to raise multiple
children; and they express a clear demand for children and, as such, avoid any adverse
impact of unwanted siblings. When we zoom in on those first-borns raised in families
that more closely resemble representative families (in being less affluent, less educated,
and younger), we continue to find small and statistically insignificant sibling effects.
While we recognize that IVF and representative families may differ in many observable
and unobservable ways, we find little evidence that sibling effects on first-borns vary
systematically along the observable dimensions we examine. At the same time, we also
recognize that, over time, declining fertility rates and increasing maternal age at first
birth will make representative families more comparable to IVF-treated families. In
this sense, the sibling effects obtained in IVF families may be increasingly informative
for a broader group of families.

Our study relates to several strands of literatures. The literature most closely
related to our study exploits China’s one-child policy as a natural experiment to es-
timate the effect of having siblings (H. Li et al., 2008; Rosenzweig & Zhang, 2009;
Qian, 2009; Cameron et al., 2013; Liu, 2014; B. Li & Zhang, 2017; Guo et al., 2020;
Xiao, 2024). These studies provide mixed results, possibly reflecting differences in
how the policy was implemented. China’s one-child policy varied across regions and
time, differed in enforcement intensity, and included exemptions for certain ethnic
groups and families with twins. Using different sources of identifying variation, the

estimated sibling effects reported in these studies need not be the same. Regardless,



our study differs in that we examine a highly developed country where parents are less
reliant on children for old-age support and face weaker resource constraints, both of
which could be crucial in shaping siblings effects through parental investments. More-
over, our results may be more generalizable, as the one-child policy reshaped family
dynamics and the broader social environment, potentially limiting the relevance of
these estimates in settings without such restrictions.

More broadly, our study relates to the larger sibling literature that estimates the
causal effect of sibship size on child outcomes using twin births and sibling sex com-
position as natural experiments. With twin births, researchers exploit the fact that
some parents end up with more children than planned; they identify sibship size effects
by comparing outcomes of children with younger twin siblings and younger singleton
siblings. With sibling sex composition, researchers exploit that parents with same-sex
children are more inclined to have another child; they identify sibship size effects by
comparing outcomes of same-sex and opposite-sex siblings. While some studies find
that having more siblings negatively impacts intermediate school outcomes such as
primary and secondary school test scores, grade repetition, and private school choice
(Conley & Glauber, 2006; Céceres-Delpiano, 2006; Goux & Maurin, 2005; Aslund &
Grongqvist, 2010), there is little evidence of any sizable sibship size impact on long-run
outcomes such as educational attainment and earnings (Black et al., 2005; Aslund &
Gronqvist, 2010; Angrist et al., 2010; De Haan, 2010).*

Our contribution is twofold. First and foremost, we provide evidence on a pre-
viously understudied and possibly more relevant margin of sibship size: having at
least one sibling versus being an only child. In contrast, existing studies focus on
the effects of having additional siblings beyond the first. This distinction matters for
several reasons. One is that the relationship between sibship size and parental in-
vestments need not be monotonic (Mogstad & Wiswall, 2016). Since the largest drop
in per-child resources occurs when moving from no siblings to any sibling, resource
dilution effects may be most pronounced when parents must divide their attention,

time, and financial resources for the first time, rather than when an already shared

40ur study also connects to those sibling studies that estimate birth order effects (Black et al.,
2011; Conley & Glauber, 2006; Gary-Bobo et al., 2006; Kantarevic & Mechoulan, 2006; Kristensen
& Bjerkedal, 2007; Booth & Kee, 2009; De Haan, 2010; Houmark, 2023) and sibling spacing effects
(Pettersson-Lidbom & Skogman Thoursie, 2009; Buckles & Munnich, 2012). These studies rely on
within-family regression designs that exclude only children from their samples and therefore offer no
insights into the effects of having no siblings.



pool is divided further. The other reason is that the presence of a sibling may fun-
damentally alter a child’s social environment, introducing peer-like interactions and
social learning opportunities that are qualitatively different from the effects of having
additional siblings. Moreover, the first-sibling margin is especially relevant in mod-
ern low-fertility contexts, where families with more than two children are becoming
increasingly rare.

Second, our identification strategy relies on different identifying assumptions. Our
core assumption is that [IVF success is as good as random, conditional on observables.
We provide empirical support for this assumption by showing that success at first and
later IVF attempts is uncorrelated with a rich set of parental characteristics and first-
born birth outcomes. The twin design, meanwhile, rests on the related assumption
that twinning is essentially random. With the rise of IVF treatments, multiple births
are becoming less random and more of a choice, turning twin births into a less suitable
instrument in contemporary settings (Bhalotra & Clarke, 2019; Monden et al., 2021).

And lastly, our study relates to an expanding literature that uses IVF-based re-
search designs. One strand relies on quasi-experimental variation in parenthood re-
sulting from IVF success to estimate effects on labor market outcomes, mental health,
and divorce (Lundborg et al., 2017; Réaséanen, 2023; Bensnes et al., 2023; Gallen et
al., 2023; Lundborg et al., 2024a; Tlciukas, 2024; Bogl et al., 2024).> Another strand
uses data on donor-assisted IVF treatments to disentangle nature and nurture influ-
ences in the intergenerational transmission of human capital (Lundborg et al., 2024b).
We build on these studies by extending our IVF design to a new and understudied
question: the effects of growing up as an only child.

The rest of the paper unfolds as follows. Section 2 describes the data, the construc-
tion of the estimation sample, and institutions related to IVF treatments. Section 3

introduces the methodology. Section 4 presents results. Section 5 concludes.

5Most studies find that IVF success in childless families has, at most, modest effects on labor
market outcomes, mental health, and relationship stability. These effects are likely less relevant in
families that already have a child and undergo IVF treatment for a second child. If any effects exist,
however, they may act as potential mechanisms through which siblings affect the school outcomes
of first-born children.



2 IVF Institutions and Data

In our analysis, we combine information from several Danish administrative registers,
nationwide school well-being surveys, and school test data. Below, we briefly discuss
the relevant IVF institutions, present the main variables, describe our primary sample
of children in one-child families who enter IVF treatment for a second child, and assess

whether IVF success is as good as random.

2.1 Relevant IVF Institutions

Couples in Denmark are medically classified as infertile after one year of trying to
conceive without success. With a referral from a general practitioner, infertile cou-
ples qualify for various medical fertility treatments, which vary in intensity, cost, and
effectiveness. This study focuses on IVF, an intensive and costly treatment typically
considered by couples only after other interventions have failed. IVF involves ovula-
tory stimulation, egg collection, fertilization of eggs outside the woman’s body, and
implantation of mostly one fertilized embryo. In Denmark, IVF costs around 28,000
DKK (3,750 euros) per treatment or 52,000 DKK (7,000 euros) for a package of three
treatments. The Danish healthcare system covers the first three treatments for child-
less infertile couples. The couples in our sample already have one child and therefore
need to pay for treatment themselves. Exceptions are newly formed couples with one
pre-existing child (who do not have to pay) and one-child couples with spare embryos
from earlier treatments (who pay considerably less).

IVF is a relatively effective treatment. In our sample, 30 percent of families
successfully have a second child directly after their first embryo insertion. Among
those for whom the first insertion fails, 65 percent eventually have a second child. It
is important to note that not all of these births occur through IVF. Among the couples
who end treatment, 20 percent later conceive a second child naturally (Thwaites et
al., 2023).

2.2 Main Variables

For the cognitive and noncognitive school outcomes, we rely on nationwide school
test data and well-being surveys. From 2010 onward, children in primary and lower

secondary education take multiple tests in reading and math. The nationwide school



test data contain the test scores for four reading tests (taken in grades 2, 4, 6, and 8)
and two math tests (taken in grades 3 and 6). We observe test scores between 2010
and 2021. Most first-born children in our sampling window take a total of four to five
tests. We use these test scores to measure the child’s cognitive school outcomes. For
each test, we calculate the standardized test score based on the mean and standard
deviation of the cohort grade-specific test score in the representative sample. We
define school outcomes in math and reading test scores as the average of all observed
standardized test scores in reading and math.

From 2014 onward, children in public primary and lower secondary education
also participate in a yearly nationwide well-being survey. The survey contains many
questions, including those that measure three personality traits: agreeableness, con-
scientiousness, and emotional stability.® Children take the survey in grades 4 to 9.
We have access to surveys between 2014 and 2021. Each year, the same two to three
questions are used to assess each trait, such as “Are you good at collaborating with
others?”, “If you are interrupted during lessons, can you quickly concentrate again?”
and “Do you feel accepted at school?” Children answer these questions on a five-point
scale (almost always, often, now and then, rarely, and never). We use these answers to
measure the child’s personality traits at school.” We standardize each trait based on
the mean and standard deviation of the specific trait of the cohort grade in the repre-
sentative sample. We define the student’s personality trait as the average of all their
grade-specific standardized personality traits. Lastly, the well-being survey also asks
students “Are you happy with your class?” and “Are you happy with your school?”
We use the two five-point scale answers to measure their overall happiness. Like the
personality traits, we take the average of all the cohort-grade-specific standardized
happiness answers.

For the endogenous and control variables, we turn to the population register of all

5The commonly used five-factor model of personality structure assigns someone’s personality to
five core domains: agreeableness, conscientiousness, emotional stability, extraversion, and openness
to experience. The well-being survey covers three of the five core domains. In the school context
of the survey, agreeableness captures the child’s tendency to be cooperative and empathetic toward
fellow classmates, conscientiousness captures the child’s responsibility and ability to work carefully
to get things done, and emotional stability captures the child’s anxiety and vulnerability to stress
(or the absence thereof).

"We note that these trait measures were recently validated in a register-matched personality
survey by Andersen et al. (2020). The study shows that the measures constructed using the re-
spomnses to the school survey are strongly correlated with the Big Five personality traits, specifically
conscientiousness, agreeableness, and emotional stability, measured using well-established methods.



individuals residing in Denmark. We use this register to select all first-born children,
with links to their parents and siblings (if they have any). For the key endogenous
variable in our study, we use these links (or the absence thereof) to define whether
first-born children have siblings. We use the identifiers of first-born children to collect
information from the birth register on their birth weight (in kilograms) and birth
length (in centimeters). Using the identifiers of parents, we extract information from
the education and tax registers on their educational attainment, labor market status,
and annual income. We measure education using dummies for whether each parent
completed college. We measure employment status (having positive earnings) and
income (in millions of DKK) using values from the year before the birth of the first
child.

For the instrumental variable, we use the IVF register provided by the Danish
Health Data Authority (Sundhedsdatastyrelsen). The IVF register records all IVF
treatments that have taken place in public and private fertility clinics and hospitals
since 1994, including information on the main reason for infertility and, for each IVF
attempt, information on the type of treatment, the four different stages of treatment
(medication, egg and sperm extraction, embryo fertilization, and embryo insertion),
treatment success, the date of treatment and, where applicable, the date of birth. To
study the causal effect of siblings, we leverage quasi-experimental variation in IVF
success after embryo insertion. For each insertion, we construct a success dummy
indicating whether the woman had a live birth within 10 months, without further
insertions during that period. This success indicator for the first IVF attempt is the

instrument in our instrumental variable design.

2.3 Main Estimation Sample

We also use the IVF register to select our estimation sample of all first-born children
in families who enter IVF treatment for a second child. To be included in this sample,
we select all first-born children (both IVF and non-IVF) in their primary or lower
secondary school years, raised in families somewhere treated between 1995 and 2019,

with at least one reading test score and no missing control variables.® We further

8Sample sizes vary across outcomes. We primarily focus on the numbers and statistics for the
reading test sample, which is the outcome observed for the largest number of first-born children.
We observe reading test scores more than any other outcomes because there were more nationwide
tests in reading than in math, and because the nationwide tests were introduced earlier than the
well-being surveys.



exclude a small number of first-born children with low birth weight (less than 2,500
grams). Our primary estimation sample contains 10,906 first-born children.

We also construct a secondary estimation sample of first-born children in the
general population, applying the same selection criteria used for the IVF sample:
children must be in their primary or lower secondary school years, have at least one
reading test score, and have no missing control variables. This representative sample
includes all first-born children, regardless of whether they have siblings, and allows us
to assess the generalizability of our findings. It contains 339,281 first-born children.

Table 1 reports sample means for child and parent characteristics, family size, and
school outcomes in both the sample of families who underwent IVF for a second child
and the representative sample. We see that child gender and birth weight, which
are both strong predictors of cognitive test scores and personality traits (Black et al.,
2007; Mueller & Plug, 2006), are nearly identical among first-born children in different
families. The likelihood that the first-born child is an IVF child is very different across
the different families. This is not surprising. The high IVF rates in families seeking
treatment for a second child indicate that fertility problems encountered during the
first pregnancy are likely to recur. The low IVF rates in representative families, on the
other hand, indicate that most families are unlikely to experience fertility problems
requiring IVF treatment. Among all first-born children in the representative sample
within our sampling window, only 2 percent are conceived through IVF.

For the parent characteristics across the different families, we see that parents who
undergo IVF for a second child are more educated, more likely to be employed, have
higher income, and are older, than those who do not. These differences are similar
to those found in earlier studies (Bitler, 2012; Lundborg et al., 2017, 2024a; Bensnes
et al.,, 2023). To assess the external validity of our findings, we conduct hetero-
geneity analyses focusing on first-borns raised in families that more closely resemble
the broader population—specifically, those that are less affluent, less educated, and
younger.

When examining sibling patterns, we find that IVF-treated families are less likely
to have more than one child, and that, when siblings are present, the spacing between
the first and second child tends to be longer. Both patterns are consistent with IVF
families experiencing fertility problems. Conditional on having a sibling, differences
in family size are relatively small. In families with two or more children, first-borns

in the IVF sample are one percentage point less likely to have more than one sibling

10



Table 1: Descriptive statistics for first-born children in different families

1st-born child

in families 1st-born child

seeking IVF in representative p-values for

for 2nd child families differences
Characteristics at first child birth
Female (0/1) 0.48 (0.50) 0.49 (0.50) 0.435
IVF child (0/1) 0.48 (0.50) 0.02 (0.14) 0.000
Child birth weight (kg) 3.51 (0.48) 3.51 (0.46) 0.987
Child birth length (cm)  52.05 (2.24) 52.00 (2.23) 0.023
Mother age 30.42 (4.48) 27.67 (4.56) 0.000
Mother college (0/1) 0.53 (0.50) 0.45 (0.50) 0.000
Mother income (M) 0.21 (0.13) 0.16 (0.12) 0.000
Mother work (0/1) 0.93 (0.26) 0.89 (0.32) 0.000
Father age 32.85 (5.43) 30.36 (5.54) 0.000
Father college (0/1) 0.37 (0.48) 0.30 (0.46) 0.000
Father income (M) 0.28 (0.20) 0.22 (0.16) 0.000
Father work (0/1) 0.91 (0.29) 0.89 (0.32) 0.000
Observations 10,906 339,281
Characteristics after first child birth
Any siblings (0/1) 0.75 (0.43) 0.84 (0.37) 0.000
Total siblings (if any) 2.37 (0.56) 2.43 (0.67) 0.000
2+ siblings (0/1, if any)  0.33 (0.47) 0.34 (0.48) 0.005
Birth spacing (if any) 4.93 (2.89) 3.42 (2.01) 0.000
Math score 0.22 (0.91) 0.09 (0.94) 0.000
Reading Score 0.24 (0.88) 0.10 (0.92) 0.000
Agreeableness 0.09 (0.80) 0.02 (0.82) 0.000
Conscientiousness 0.14 (0.83) 0.04 (0.85) 0.000
Emotional stability 0.05 (0.84) 0.00 (0.85) 0.000
School Happiness 0.08 (0.80) 0.02 (0.83) 0.000

Note-The first two columns show sample means for two samples with standard devi-
ations in parentheses: first-born children raised in families who seek IVF treatment
for a second child, and first-born children raised in representative families. The third
column shows p-values for tests of whether the means in the first two columns are
significantly different from each other. We further note that the sample means are
reported for the largest sample (which is in our setting the sample with reading test
scores as main outcome).

11



and have 0.06 fewer siblings, on average.

When it comes to school outcomes, first-born children in families who pursue IVF
treatment for a second child tend to fare better: they score higher on math and reading
tests, exhibit greater agreeableness, conscientiousness, and emotional stability, and
not unimportantly report being more satisfied with their overall classroom and school

experiences.

2.4 Is IVF Success Conditionally Random?

Our empirical strategy relies on pregnancy after embryo insertion being as good as
random. The medical literature indicates that this condition may not hold uncon-
ditionally and points to year and age of treatment as the most important factors
determining success in IVF treatment.” Following this literature, we take year and
age at treatment as the primary drivers behind IVF success and test whether, condi-
tional on these factors, treatment success approximates a random process.

Table 2 contains the balancing test results for each embryo insertion, up to the
sixth attempt. In particular, it shows the means of baseline characteristics of first-
born children (including gender, IVF status, birth weight and length) and their par-
ents (including both parents’ education, employment status, and income in the year
before the first IVF attempt) in couples with a successful attempt (in columns 1,
4, and 7), the unconditional mean differences between couples with a successful and
failed attempt (in columns 2, 5, and 8), and the conditional mean differences after
accounting for parental age and treatment year. For consistency with our main es-
timation approach, described in Section 3, we present the conditional comparison
based on inverse probability weights. These weights are constructed using a logistic
regression of attempt success on the mother’s age and age squared at treatment, the
father’s age and age squared at treatment, and a full set of treatment year indicators.
We present these test results using the largest reading test sample. The results do
not meaningfully change when we use a regression framework instead. At the bottom
of the difference-in-means columns, we also present p-values for F-tests for whether
the child and parent characteristics are jointly statistically significant predictors of

treatment success. If IVF success is random within the strata based on year and age

9Success rates are lower for older couples due to age-related declines in fertility (Rosenwaks et
al., 1995; Templeton et al., 1996; van Loendersloot et al., 2014). Success rates are higher for more
recent treatments due to medical innovations (Wang & Sauer, 2006; Niederberger & others., 2018).

12



at treatment, we expect that the differences in mean characteristics are close to zero
and statistically insignificant.

For the first attempt, the unconditional means and differences (in columns 1 and
2) indicate that younger parents and parents who conceived their first child with IVF
experience significantly higher success rates. We see little difference on the other
characteristics, including well-known predictors of child school performance (includ-
ing child birth weight and parent education). Nonetheless, all the child and parent
characteristics together are statistically significantly related to treatment success,
which suggests that success at the first attempt is not random. When we account
for parental age and treatment year (in column 3), however, we no longer see a clear
relationship between treatment success and the characteristics of children and par-
ents. The differences in means are all near zero. Moreover, when we consider all the
child and parent characteristics together, there is no statistically significant difference
between successfully and unsuccessfully treated families. These results are consistent
with IVF success being as good as random, conditional on parental age and treatment
year.?

For later attempts, after accounting for parental age and treatment year, there are
no substantial differences in the pretreatment characteristics of children or parents
between those who succeed and those who do not (columns 3, 6, and 9). While higher-
income couples are more likely to continue treatment following repeated failures,
treatment success at each stage does not appear selective. At each attempt, joint
differences in child and parent characteristics are not statistically significant. We
recognize, though, that the smaller samples in later treatments make it less likely
to uncover statistically significant differences. Nonetheless, all the balancing results
after accounting for parental age and year are as one would expect with conditional

random treatment success at the first and later attempts.

0Education has also been linked to treatment success (Groes et al., 2024). Table 2 indicates that
balancing on year and age at treatment already eliminates any meaningful differences in key pre-
treatment characteristics including the college indicators we use to measure the parents’ education.
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Table 2: Relationship between first-born child characteristics and IVF success

First attempt

Second attempt

Third attempt

Succ. Fail. Cond. Succ. Fail. Cond. Succ. Fail. Cond.
Diff.  Diff. Diff.  Diff. Diff.  Diff.
Hm @ 6 @ 6 6 O 6
Female child 0.49 0.01 0.01 0.47 -0.01 -0.01 048 -0.00 0.01
IVF child 0.50 0.03 0.01 0.52 0.05 0.04 050 0.02 0.00
Child weight 3.52  0.01 0.01 3.51  0.01 0.02 3.50 0.01 0.01
Child length 52.05 -0.00 0.03 52.08 0.05 0.10 52.12 0.13 0.07
Mother age 33.41 -1.12 -0.03 3343 -1.23 -0.03 33.63 -1.20 0.00
Mother college 0.52 -0.00 0.02 0.55 0.00 0.01 0.57 -0.00 0.01
Mother income 0.21 -0.00 0.01 0.22 -0.01 0.00 0.23 -0.00 0.01
Mother work 0.93 0.01 0.01 0.93 0.00 -0.00 0.95 0.02 0.02
Father age 35.87 -1.07r 0.00 3589 -1.14 0.01 3597 -1.26 0.23
Father college 0.37 -0.01 0.01 0.38 -0.01 0.01 043 0.02 0.04
Father income 0.27 -0.00 0.01 0.29 0.01 0.01 0.29 0.00 0.00
Father work 0.91 0.00 -0.00 0.92 0.01 0.00 093 0.02 -0.00
Joint p-value 0.00 0.38 0.00 0.17 0.00 0.68
Observations 10,906 6,150 3,498
Success probability 0.30 0.28 0.25

Fourth attempt

Fifth attempt

Sixth attempt

Succ. Fail. Cond. Succ. Fail. Cond. Succ. Fail. Cond.
Diff.  Diff. Diff.  Diff. Diff.  Diff.
LW @ B W 6B 6 @O (O
Female child 0.50 0.02 0.02 047 -0.00 0.056 050 0.056 0.02
IVF child 0.55 0.06 005 052 0.01 0.01 054 0.03 0.04
Child weight 3.50 0.02 003 348 0.00 -0.02 349 0.03 0.05
Child length 51.90 -0.10 -0.04 51.88 -0.07 -0.06 52.01 0.16 0.18
Mother age 34.03 -0.71 0.08 3333 -145 0.04 33.56 -1.25 -0.13
Mother college 0.64 0.04 005 0.65 0.04 0.07 060 -0.02 -0.04
Mother income 0.24 0.00 0.00 024 0.00 0.01 024 -0.00 -0.00
Mother work 094 0.00 000 095 0.02 0.02 094 0.01 -0.01
Father age 36.54 -0.55 0.12 35.68 -1.45 -0.25 35.62 -1.41 -0.21
Father college 0.43 -0.00 0.00 046 0.00 0.06 056 0.11 0.10
Father income 0.29 -0.01 -0.00 0.31 -0.01 -0.01 0.34 0.02 0.02
Father work 091 000 -0.01 092 0.01 0.01 09 0.05 0.03
Joint p-value 0.01 0.34 0.00 0.70 0.00 0.79
Observations 1,872 1,121 674
Success probability 0.22 0.22 0.21

Note-Columns (1), (4), and (7) present mean characteristics for children
whose parents experienced a successful treatment. Columns (2), (5), and (8)
present differences in mean characteristics between families with successful
and failed treatments. Columns (3), (6), and (9) present differences after
accounting for father’s age and age squared, mother’s age and age squared,
and a full set of year-of-treatment indicators measured at each consecutive
treatment, using inverse probability weights based on a logistic regression
model. Observations refer to the total number of first-born children whose
parents underwent the respective procedure for a second child.
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3 Identification and Estimation

As the objective of this study is to estimate the effect of having siblings on the school
outcomes of first-born children, we start with the standard IV-IVF framework as
introduced by Lundborg et al. (2017). We consider all first-born children in one-
child families that underwent IVF treatment for a second child and use the following
variables in our analysis: Y is the school outcome of the first-born child, S is a sibling
indicator that measures whether the first-born child has any siblings or not, and Z; is
the treatment success indicator that measures whether the first IVF attempt involved
embryo implants and led to siblings or not. We define the parents’ first attempt Z;
as our main instrument and show later that it is a strong (and thus relevant) sibling

predictor.!!

3.1 Identification for Complier Children

Using the LATE framework of Angrist & Imbens (1995), we classify children in our
sample as either compliers or always takers. The compliers (C'=1) are children who
never end up having siblings after a first failed attempt. The always takers (C'=0)
are children who always end up having siblings, regardless of a first failed attempt. In
our setup, there are no never takers and defiers because the first-born children whose
parents had a successful first attempt end up having siblings by construction. We
define the child’s potential school outcomes Y,(s) indicating what the child’s school
outcome would be in case the child had parents whose first IVF attempt succeeded
or failed (2 =0,1) and the child had any siblings or not (s =0,1). For each child,
there are three potential school outcomes Y5(0), Yp(1) and Yi(1). Only one of these
outcomes is realized.

In the standard LATE framework (abstracting from covariates for expositional
clarity), we identify the average effect of having siblings for compliers by assuming that

the potential outcomes satisfy the following independence and exclusion conditions:
A1 Independence Yi(1),Y(0), Yo(1),C L Z;.

A2 Exclusion (for non-compliers) E[Y;(1)|C'=0] = E[Yy(1)|C'=0].

1We use success at first attempt as instrument for two reasons. First, it is more exogenous than
success after multiple attempts. Second, it is defined for all one-child families who underwent IVF
for a second child.
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Independence (A1) assumes that success at the first IVF attempt is as good as
randomly assigned, that is, independent of child type and potential school outcomes
(conditional on the parents’ age and age squared at treatment and year of treatment).
Table 2 (column 3), which shows that there are no meaningful differences between the
pre-treatment characteristics of children and parents (after accounting for parental
age and treatment year effects), supports this assumption. Exclusion (A2) assumes
that first IVF success affects first-born outcomes only through the presence of a
sibling, and not through the timing of the sibling’s arrival. This assumption would
be violated if some couples who fail their first IVF attempt later succeed through
additional treatment, in which case the instrument (success at the first attempt)
would influence not only the likelihood of having a sibling, but also the timing of the
sibling’s birth. We refer to this as delayed fertility. Of the two conditions, we consider
(A2) the more substantive one.

We get the first stage and reduced form by comparing the sibling shares and school
outcomes of first born children whose parents experience a first-time IVF success and

failure. Under independence, the first stage identifies the complier share
E[S|Zy=1] — E[S|Z;=0] = Pr[C=1]. (1)

Under independence, the reduced form can be written as

E[Y|Z,=1] - E[Y|Z,=0)
= E[Y1(1) — Y5(0)|C'=1] Pr[C'=1] (2)
+E[Y(1) — Yo(1)|C=0] Pr[C'=0].

The reduced form consists of two terms. The first captures the causal effect of whether
siblings arrive for compliers, which is the effect we are after. The second term captures
the causal effect of when siblings arrive for always takers, which is in the context of
our study the bias term. Under exclusion, this bias term is assumed zero, which
means that the reduced form in (2) and first stage in (1) together identify the effect

of having siblings for compliers

E[Y|Z,=1] - E[Y|2,=0]
E[S|Z,=1] - E[8]Z,=0]

— BVi(1) - Yy(0)|o=1]. (3)

In the standard LATE framework, we can estimate the effect of having siblings for
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compliers using either a two-stage least squares regression approach (2SLS) or an in-
verse probability weights approach (IPW). While we show later that both approaches
yield very similar results, we will primarily focus on the IPW method going forward,
as it more closely aligns with the approach we propose to enhance statistical precision

and mitigate exclusion violations.

3.1.1 2SLS Estimation for Complier Children

In the standard two-stage least squares regression approach (2SLS), the first-stage

and second stage regression equations can be written as:

S =aX,+ 87 +u, (4)
and

Y = 4%, + 68+ v. (5)

In these two regression equations, all the unobservable factors that are somehow re-
lated to having siblings and school outcomes are captured by the econometric errors
u and v. The control variables X; contain the parents’ ages at first treatment, their
squares, and a full set of year at first treatment dummies and ensure that treatment
success at first treatment and unobservable factors are assumed unrelated (condi-
tionally on X;). The other variables Y, S and Z; have been defined earlier. The
first-stage coefficient § (attached to the instrument) represents the complier share.
The second-stage coefficient ¢ (attached to the first-stage predicted sibling indicator)
represents the causal effect of having any siblings on the school outcomes of first-born

compliers.

3.1.2 TIPW Estimation for Complier Children

Like the 2SLS approach, the IPW approach estimates the impact of having siblings
in several steps. We first estimate propensity scores taken from logistic regressions of
success at the first attempt on the parents’ ages at first attempt, their squares, and a
full set of year at first attempt dummies. We define p;(X;) as the estimated propen-
sity score and X; as the propensity score controls. We second use these predicted

propensity scores to balance the first-born children with successfully and unsuccess-
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fully first-time treated parents. Under conditional independence, the first-stage effect

1s:

. { Z5 (1 _21)5}

A 1-A) ©)

Under conditional independence, the reduced form effect is:

. { Zy  (1- Zl)Y] ™

nxy)  1-p(X)

Under conditional independence and exclusion, the average effect of having siblings

for compliers is the reduced form rescaled by the first stage.!?

3.2 Identification for Relier Children

We next present an alternative approach to quantify the effect of having siblings
by exploiting quasi-experimental variation not only at the first IVF attempt but also
subsequent IVF attempts. This approach has three advantages over earlier approaches
that identify effects in first-born complier samples. First, we identify the effect of
having siblings outside the sample of first-born compliers. Second, we get more precise
effect estimates. And third, we alleviate concerns about violations of the exclusion
condition.

In our earlier analysis, we compared first-born children whose parents’ first IVF
attempt succeeded (the treatment group) to those whose parents’ first attempt failed
(the control group). Our new approach introduces an alternative control group and
considers first-born children whose parents never conceived a second child via IVF.
Unlike the baseline control group, this alternative control group includes first borns
whose parents had a second child through means other than IVF, but excludes those
whose parents had a second child at later IVF attempts, resulting in a smaller share

of always takers.

12The first- and second-stage regression models with multivariate control variable X1, as specified
in equations (4) and (5), can be reformulated to use the estimated propensity score pi(X1) as a
univariate control variable. In this context, the IPW and 2SLS approaches may yield different
results: the IPW approach applies uniform weights across observations, whereas 2SLS implicitly
assigns complier weights that depend on p1(X;) (Angrist and Pischke, 2009, p. 177). In our IVF
setup, however, we find that the resulting estimates from both approaches are nearly identical
because there is little variation in py (X7).
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We acknowledge that the alternative control group is a selective group of first-
borns (because their parents’ decision to continue treatment after a failed attempt
is selective). But if we assume that success at later IVF attempts is also as good
as randomly assigned, which appears to be a reasonable assumption, we can use the
outcomes of first-born children from unsuccessfully treated couples to infer what the
school outcomes of first-born children with later-attempt siblings would have been in
a scenario where all IVF attempts had failed. In particular, the randomness at later
IVF attempts allows us to focus more on first borns whose parents stopped treatment
after each failed attempt and ignore those who had siblings at later attempts. By
rebalancing the original treatment group and the new control group, we can identify
the effect of having siblings for a broader group of first-born children consisting of
compliers and always takers who rely on IVF treatment for siblings.

More formally, we follow Ilciukas (2024) and distinguish first-born children in two
dimensions. First, we classify first borns as either reliers or non-reliers (R). The
reliers (R=1) are children whose parents rely on IVF treatment for a second child;
that is, these are the first-born children who end up with siblings if their parents have
a successful first or later treatment but who would not have siblings otherwise. The
reliers consist of compliers and always-takers who would get siblings from later IVF
attempts but would not get siblings if all attempts failed. In our setup, we exclude
those reliers who actually get siblings at later attempts. The non-reliers (R=0) are
the first-born children who would have siblings through other means, regardless of
IVF success. Most non-relier siblings are conceived naturally. Few non-relier siblings
are adopted.'® Second, we also classify first borns by the number of IVF attempts
their parents would undergo for the second child in a scenario where all IVF attempts
fail (W). We next define Z; as the treatment success indicator at IVF attempt j
for the second child and @) as the realized number of IVF attempts parents actually
undergo for the second child. By definition, we consider parents in IVF treatment
until an IVF attempt succeeds (Z,, = 1,Q = w) or until they reach the maximum

number of IVF attempts they are willing to undergo and quit (Zg=0,Q=W).

13When we exclude first-born children with siblings from later IVF attempts, the three potential
outcomes Yp(0),Yp(1) and Yi(1) are the same as before; that is, Yp(0) refers to outcomes without
siblings and parents whose first to last attempt failed, Yy(1) refers to outcomes with siblings and
parents whose first to last attempt failed, and Y;(1) refers to outcomes with siblings and parents
whose first attempt succeeded.
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3.2.1 The Sequential Independence Condition

We next discuss the conditions under which we can identify the average effect of
having siblings for reliers. Our key novel condition is the sequential independence

assumption:
A3 Sequential independence: Y;(1),Y5(0),Yo(1),W,R L Z; | Q > j.

In words, this condition (A3) asserts that, among parents who enter IVF attempt 7,
success at attempt 7 is as good as randomly assigned, that is, independent of potential
school outcomes and child type (conditional on the parents’ age at treatment j and
the year of treatment j). If we accept that treatment success at the first attempt is
(conditionally) random, the assumption of (conditionally) random treatment success
at subsequent attempts is not too difficult to accept. Table 2 further demonstrates
balance on relevant child and parent pre-treatment characteristics at each subsequent
treatment, which supports the sequential independence condition.

This sequential independence condition gives us the relier share and a modified
reduced form for reliers. Consider first-born children whose parents underwent exactly
w failed IVF attempts. We know four essential things about these children. First, they
are type-w children; otherwise their parents would have either continued treatment
or stopped earlier. Second, they are a random subsample of type-w children; under
sequential independence, success at attempt w is independent of potential school
outcomes and child relier type. Third, we identify the shares of different type-w
children from the shares of children whose parents either continue or stop treatment
after a random sequence of previous failed attempts.!* Fourth, we observe their school
outcomes, which we can express as the potential outcome average of type-w reliers
and non-reliers. For reliers, the potential outcomes are the outcomes for those who
never get siblings. For non-reliers, the potential outcomes are the outcomes for those
who get siblings though other means.

Putting this together, we can write the average school outcomes for first-born

T et us start with type-1 children. If treatment success at the first attempt is random, the share
of type-1 children can be identified from the share of children whose parents decide to end treatment
after the first failed attempt (Pr[W = 1] =Pr[Q = 1|Z; =0]). Next, consider type-2 children. If
treatment success is random at the first two attempts, the share of type-2 children can be identified
from the share of children whose parents continue treatment after the first failed attempt but stop
after the second failed attempt (Pr[WW =2]=Pr[WW >1]Pr[Q=2|Q>1, Z>=0]). And so on.
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children whose parents completed exactly w failed IVF attempts as follows:

E[Y|Q=w, Zy,=0] = E[Yy(0)|W =w, R=1] Pt[R=1|W =]

o PN (8)
+E[Y(1)|W =w, R=0] Pr[R=0|W =w].

With known shares and outcomes for all type-w children, we can recover the overall

average outcome in a scenario where all IVF attempts fail:

> E[Y|Q=j, Z;=0] Pr[W =j] =
E[Yy(0)|R=1] Pr[R=1] 4 E[Y,(1)|R=0] Pr[R=0],

where @ represents the highest number of IVF attempts observed in our sample.
This is the outcome average for the alternative control group, consisting of first-born
children whose parents never conceived a second child via IVF, expressed as potential
outcome averages for reliers and non-reliers. When we subtract this average outcome
from the average outcome of first-born children in the original treatment group whose
parents experience a first-time IVF success (E[Y|Z; = 1]), we get the new reduced

form for reliers:

ElY|Z=1] - X% E[Y|Q=j, Z;=0|Pr[W=j] =

E[Yi(1) — Yo(0)|R=1] Pr[R=1] + E[Yi(1) — Y5(1)|R=0] Pr[R=0]. ©)

The first term captures the effect of whether siblings arrive for reliers. The second
term is the bias term and captures the effect of when siblings arrive for non-reliers.
Importantly, the new reduced form does not rely on always takers with siblings from
later IVF attempts. As a result, the bias term is given much less weight simply
because the relier share is much larger than the complier share. In our sample, for
example, 53-55 percent of first borns are classified as reliers, compared to only 32-34
percent who are compliers. This shift therefore takes us a long way in addressing

exclusion violations that arise from siblings born at later IVF attempts.

3.2.2 Alternative Exclusion Conditions

The sequential independence condition (A3), however, does not tackle the exclusion
violations caused by the later-born non-IVF siblings. After all, this condition does
not assume that the arrival of non-IVF siblings is random. To deal with these later-

born non-IVF siblings and the possible exclusion violations they create, we discuss a
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number of alternative exclusion conditions under which we can identify or bound the
impact of having siblings for first-born children.
We first consider the conventional exclusion condition that enables us to identify

the effect of having siblings for reliers:
A4 Exclusion (non-reliers): E[Yy(1)|R=0] = E[Y1(1)|R=0].

Exclusion for non-reliers (A4) is similar to the original exclusion condition (A2) in
that it asserts that the impact of having siblings early is the same as having siblings
late. While this assumption remains substantive, the exclusion condition under (A4)
is arguably weaker than the one under (A2), as it involves relatively fewer first-born
children with siblings (because the relier share outweighs the complier share). Under
exclusion for non-reliers, we can set the bias term in the modified reduced-form effect

for reliers in (9) to zero and identify the effect of having siblings for reliers:
E(1) - Yy (0)|R=1].

Rather than imposing the standard exclusion condition for reliers, we can replace it
with an alternative condition on the (ignorable) impact of non-IVF siblings. This
allows us to identify the effect of having siblings for all the first-born children in our

sample:
A5 Late sibling exclusion (non-reliers): E[Yy(1)|R=0] = E[Y,(0)|R=0].

The late sibling exclusion condition (A5) states that the presence of siblings is ig-
norable for children who gain siblings through means other than IVF. This condition
can be justified if sibling effects on first borns are concentrated in their early devel-
opmental stages or if siblings arrive after the first-born outcomes are measured. In
our sample, first-attempt IVF failure increases the average sibling age gap among
non-reliers from 4.1 to 6.3 years, suggesting that many non-reliers have their siblings
when they are already in school. Under (A5), we effectively treat E[Y(1)|R=0] in
(9) as if it were E[Y5(0)|R=0], and identify the effect of having siblings for the full

sample of first-born children:
E[Y1(1) = Yo(0)].

We note that conditions (A4) and (A5) are fundamentally different. Condition (A4)

assumes that later-born non-IVF siblings have the same impact on the school out-
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comes of first-born children as siblings conceived at the first-IVF attempt. In contrast,
condition (A5) assumes that later-born non-IVF siblings have no measurable impact
on the school outcomes of first-born children. Both conditions are met if siblings
have no impact at all on the school outcomes of first-born children. We consider this
an unattractive feature, given that our objective is to estimate the effect of having
siblings.

Instead, we can derive informative bounds under alternative assumptions by in-

troducing the following homogeneity and monotonicity conditions:

A6 Homogeneity: F[Y1(1) — Y5(0)|R=1] = E[Y1(1) — Y5(0)|R=0].

EYo(1)-Yo(O)IR=0] _ |

A7 Monotonicity (non-reliers): 0 < Vs (1) ¥, (0) =0

The homogeneity condition (A6) says that the effects for having siblings are compa-
rable for reliers and non-reliers. This assumption of homogeneous sibling effects is
restrictive, but may not be so unrealistic if we believe that most parents in treatment
do not expect to have a second child through natural conception. The monotonicity
condition (A7) allows the effects for having siblings to vary with birth spacing. In
particular, it states that the impact of having siblings gets monotonically weaker the
later siblings arrive (and the longer first-born children spend their time as only child
in the family). In our setup, monotonicity implies that for non-reliers the impact of
having siblings early E[Y;(1)—Y5(0)|R=0] is stronger than the impact of having them
late E[Yy(1) — Yy(0)|R=0]. This is consistent with the idea that early-life conditions
matter most: when siblings arrive early on, they are more likely to shape the later life
outcomes of first born children, including their school outcomes. Under conditions
(A6) and (A7), it is rather straightforward to show that the average sibling effects
obtained under (A4) and (A5) can be interpreted as upper and lower bounds on the
average effect E[Y;(1) — Y5(0)] in a world where the alternative exclusion conditions
(A4) and (A5) do not hold (see the Appendix for details).

3.2.3 IPW Estimation for Relier Children

We can estimate the effect of having siblings using a modified inverse probability
weights approach (IPW). For each IVF attempt, we estimate propensity scores taken
from logistic regressions of attempt success on the parents’ ages at that attempt,

their squares, and a full set of attempt year dummies. Let p;(X;) be the estimated
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propensity score at attempt j and X the propensity score controls.'” These propen-
sity scores are then used to balance the first-born children with successfully first-time
treated parents (treatment group) and the first-born born children with never suc-
cessfully treated parents (control group). Under sequential conditional independence,
the modified first-stage effect is:

(10)

Z1S . (1_ZQ)S
n(X)  [I%0 - 5(X)))

Under sequential independence, the modified reduced form effect is:

Y . (1 — ZQ>Y
nX) T2 5(X)))

(11)

Under sequential independence and exclusion, the average effect of having siblings
for reliers is the modified reduced form rescaled by the modified first stage. Under
sequential independence and late sibling exclusion, the average effect of having siblings
for all first born children in our sample is the modified reduced form. Standard errors
are obtained using a multiplier bootstrap method.

Before presenting the results, we reiterate the key advantage of our proposed
approach over the standard IV-IVF approach. We identify the effect of having siblings
for first-born reliers, which consist of one-child families who rely on IVF to conceive a
second child. This group is substantially larger than the group of first-born compliers,
which consist of one-child families whose second child relies on a first successful IVF
attempt.

The larger size of the relier group will, all else equal, translate into more precise es-
timates and mitigate concerns about potential violations of the exclusion restriction.
Intuitively, we know that the noise in instrumental variable estimates gets smaller
when reduced-form estimates are divided by larger first-stage estimates. If the vari-
ance of the modified and standard reduced forms is more or less comparable, we get
a more precise second stage because we divide the reduced form by a larger num-

ber. And relatedly, the confounding role of possible exclusion violations gets smaller

15To avoid estimating propensities in small samples, we cap the number of attempts used for
identification at five and treat any births following more than five attempts as potentially selective.
In our sample, about 94 percent of all the parents undergo no more than five attempts. Later, in
Table 6, we show that our results are not sensitive to this choice.
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when first-stage estimates are larger. If we consider the effect of having siblings as a
first-order effect (as opposed to the effect of having siblings later among those with
siblings), the modified second stage comes along with a stronger first stage, which in

turn assigns less weight to second-order exclusion violations.

4 Results

4.1 Only Child Associations

We start our analysis by just comparing the school outcomes of first-born children
with and without siblings in the samples of representative families and families that
undergo IVF treatment for a second child. Table 3 reports the unconditional dif-
ferences in outcomes between only children and children with siblings across the
two samples. The outcomes include standardized test scores in math and reading
(columns 1 and 2), standardized measures of three personality traits agreeableness,
conscientiousness, and emotional stability (columns 3, 4, and 5), and a standardized
measure of overall school happiness (column 6). We say that children do better if
they have higher test scores, are more agreeable, conscientious, and emotional stable,
and report greater happiness in school. Results are presented separately for first-born
children in the representative sample (Panel A) and in the IVF sample (Panel B).

The first pattern we observe is that, in both samples, children with siblings do
substantially better than only children across all measured outcomes. These positive
associations between having siblings and outcomes are consistent with a causal story
if children benefit from socializing with younger siblings. The same positive associa-
tions, however, are also consistent with a selection story if one-child families are less
stable, leading to poorer child outcomes and fewer siblings when this instability is
not accounted for. Clearly, simple comparisons between children with and without
siblings are not enough to establish a causal link.

The second pattern is that the associations are roughly twice as large in the repre-
sentative sample as in the IVF sample. One possible explanation is heterogeneity in
the effects of having siblings. First-born children in IVF-treated families may respond
differently to the arrival of siblings than those first borns in representative families.
Another explanation concerns heterogeneity in selection. Most parents in the rep-

resentative sample have control over their fertility decisions and can choose to have
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Table 3: Associations between having siblings and school outcomes

Math  Reading Agreeable Consc. Emotional School

test test stability happiness
Panel A: Representative sample
Having siblings  0.171 0.090 0.074 0.122 0.114 0.115
0.005 0.004 0.005 0.005 0.005 0.005

Observations 256,992 339,281 224,486 224,571 224,537 224,522

Panel B: IVF sample

Having siblings ~ 0.088  0.054 0.030 0.051 0.042 0.074
0.023  0.020 0.021 0.022 0.022 0.021
Observations 8,308 10,906 7,689 7,666 7,567 7,783

Note-Unconditional outcome differences between first-born children with and without
siblings. The outcomes are standardized test scores in math and reading (columns 1
and 2), standardized personality traits—agreeableness, conscientiousness, and emo-
tional stability (columns 3, 4, and 5), and a standardized measure of overall school
well-being (column 6). We present unconditional outcome differences for first-born
children in representative families (panel A) and families seeking IVF treatment for
a second child (panel B). Standard errors are shown in italics.

a second child or not. The parents in the IVF sample differ in two respects. First,
all couples want a second child, which limits selection related to fertility preferences.
Second, they have only limited control over their fertility, as indicated by the need
for IVF, introducing some randomness in fertility. Although this does not eliminate
selection (as the number of IVF attempts and natural conceptions may still be selec-
tive), it most likely reduces it. Taken at face value, the weaker associations in the
IVF sample suggest that the sibling estimates from the representative sample may

overstate the benefits of having siblings.

4.2 Only Child Effects in IVF Families

We next estimate the causal impact of having siblings on the school outcomes of first-
born children using the IVF sample. As a first step, we need to show that variation
in IVF success leads to substantial differences in whether parents go on to have a
second child and whether their first-born child ends up with a sibling.

Table 4 presents the first-stage estimates of how parents’ first IVF success affects
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Table 4: The impact of parents’ first IVF succeeding on having siblings (first stage)

Having at least one sibling

Math  Reading Agreeable Consc. Emotional School
test test sample sample  stability happiness
sample sample sample sample
Panel A: relative to first attempt failing
Success 0.344 0.338 0.324 0.323 0.323 0.324
0.005 0.005 0.006 0.006 0.006 0.006
Observations 8,308 10,906 7,689 7,666 7,567 7,783

Panel B: relative to all attempts failing

Success 0.555  0.546 0.537  0.538 0.537 0.538
0.008  0.008 0.010  0.010  0.011 0.010
Observations 5,961 7,783 5379 5,350 5,283 5,446

Note-Estimates of the average effect of parents’ first IVF attempt succeeding on the
likelihood of having at least one sibling. These estimates reflect complier shares (Panel
A) and relier shares (Panel B). Standard errors are shown in italics.

the likelihood that the first-born has siblings. Panel A reports the complier first
stage. We find a first-stage estimate of 0.34 which implies that 34% of the sample
are compliers. This also means that 66% of all first borns whose parents undergo
IVF for a second child would have a sibling even if the first attempt fails. These are,
in our setup, the always-takers. Panel B shows the relier first stage. We now find
a first-stage estimate of 0.55 which means that 55% of all the first-born children in
our sample are reliers. The remaining 45% would end up with a sibling even if all
IVF attempts failed. We call these first-born children non-reliers. These first-stage
results together suggest that our improved approach covers a group that is 1.6 times
larger than the standard instrumental variable approach. Since the potential bias
from exclusion violations depends on the ratio of always-takers to compliers or non-
reliers to reliers, the improved approach reduces the potential for bias by more than
half.

Table 5 contains the estimates which are all intended to identify the causal effect
of having siblings among children whose parents undergo IVF treatment for a second
child. The different panels represent the effect estimates identified under different

sets of assumptions.
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Table 5: The impact of having siblings on school outcomes in IVF families

Math Reading Agreeable Consc. Emotional School
test test stability happiness
Panel A: The average impact for compliers, 2SLS (under A1 & A2)
Having siblings -0.054  -0.049 -0.038 -0.025 -0.075 -0.118
0.069  0.059 0.068 0.071 0.071 0.068
Observations 8,308 10,906 7,689 7,666 7,567 7,783
Panel B: The average impact for compliers, IPW (under A1 & A2)
Having siblings -0.051  -0.035 -0.034 -0.026 -0.076 -0.096
0.059  0.046 0.060 0.061 0.075 0.064
Observations 8,308 10,906 7,689 7,666 7,567 7,783

Panel C: The average impact for reliers (under A3 & A4)

Having siblings -0.024  -0.006 -0.007 -0.008 -0.016 -0.031
0.045  0.035 0.045 0.047 0.049 0.042
Observations 5,961 7,783 5,379 5,350 5,283 5,446

Panel D: The average impact for all children in the sample (under A3 & A5)

Having siblings -0.013  -0.003 -0.004 -0.005 -0.008 -0.016
0.025  0.019 0.024 0.025 0.026 0.023
Observations 5,961 7,783 2,379 5,350 2,283 0,446

Note-Estimates of the average effect of having siblings on first-born children under
different sets of assumptions (described in the main text). The outcomes are stan-
dardized test scores in math and reading (columns 1 and 2); standardized personality
traits—agreeableness, conscientiousness, and emotional stability (columns 3, 4, and
5); and a standardized measure of overall school well-being (column 6). Standard
errors are shown in italics.
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Panels A and B present the 2SLS and IPW second-stage estimates. The differences
between the two are small and statistically insignificant. If IVF success at the first
attempt is a valid instrument, these estimates capture the causal effect of having
siblings for complier children (regardless of the estimation strategy used). Compared
to the positive associations reported in Table 3, we find that all estimates reverse
sign and become statistically insignificant. Although we no longer find evidence that
siblings significantly impact the cognitive and noncognitive outcomes of first-born
children, the estimates are in most cases not precise enough to draw firm conclusions,
leaving open the possibility that siblings may still matter.

Panel C presents the improved second-stage estimates, identified under the sequen-
tial independence and nonrelier exclusion assumptions. If both assumptions hold, the
estimates capture the causal effect for relier children. These effect estimates remain
statistically insignificant, are smaller in magnitude, and are estimated with greater
precision than those in Panels A and B. This indicates that siblings do not have a
meaningful impact on the school outcomes of first-born children. If any causal effect
exists, it is weak at best.

Panel D shows the estimates under the sequential independence and late sibling
exclusion assumptions, representing the effect for all children in the sample. All coefhi-
cients are near zero, precisely estimated, and statistically insignificant, reinforcing the
conclusion that there is no causal relationship between the cognitive and noncognitive
school outcomes of first-born children and the presence of siblings.

If we were asked to choose among the different estimates, we would prefer those in
Panels C and D. These estimates apply to a larger share of the sample, are substan-
tially more precise, and are less vulnerable to violations of the exclusion restriction
than those in Panels A and B. Moreover, the same estimates under alternative, and
possibly weaker, homogeneity and monotonicity assumptions serve as lower and up-
per bounds of the effect of having siblings. Based on these preferred estimates, which
are all close to zero, we conclude that having siblings has little to no impact on
the cognitive or non-cognitive development of school-aged first-born children. More
specifically, based on the corresponding 95% confidence intervals, we can rule out
sibling effects larger than 0.1 standard deviations away from zero for most outcomes

(or even 0.05 standard deviations away from zero if we consider the estimates in Panel
D).
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Table 6: The impact of having siblings on school outcomes: Robustness

Math Reading Agreeable Consc. Emotional School
test stability happiness
Panel A: no controls
Having siblings -0.042 -0.004 -0.024 -0.004 -0.015
0.020 0.023 0.022 0.024 0.025
Observations 7,800 5,403 5,375 5,315 5,471
Panel B: baseline controls and non-treatment controls
Having siblings -0.024 -0.010 -0.013 -0.010 -0.018
0.018 0.023 0.027 0.025 0.022
Observations 7,783 5,379 5,350 5,283 5,446
Panel C: baseline controls, 4 attempts
Having siblings 0.001 -0.009 -0.007 -0.008 -0.015
0.018 0.023 0.023 0.026 0.022
Observations 8,028 5,569 5,539 5,470 5,636
Panel D: baseline controls, 6 attempts
Having siblings 0.004 0.006 -0.000 0.007 -0.000
0.021 0.024 0.025 0.027 0.026
Observations 7,642 5,286 5,258 5,192 5,352

Note-Results use different modifications of the baseline specification for the average
effects under sequential independence and late sibling exclusion assumptions. In
panels A and B, we use no-control and full-control inverse probability weights for
IVF success. The full-control specification augments the baseline controls with all
parental and child characteristics at first child birth from Table 1. In panels C and
D, we cap the maximum number of IVF attempts used for identification at 4 and 6.
Standard errors are shown in italics.

4.3 Robustness

To probe the robustness of our sibling effect estimates, we explore several alternative

specifications. Table 6 reports results when we allow either a narrow or broad set

of observables to correlate with IVF success and potential outcomes (Panels A and

B), and when we vary the maximum number of IVF attempts used for identification

(Panels C and D). We focus on the estimates that leverage the sequential indepen-

dence and late sibling exclusion assumptions, using the estimates in Table 5, Panel

C, as a benchmark.

We begin by examining sensitivity to the inclusion of control variables.
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baseline specification adjusts for parental age and calendar time, which are the key
medical predictors of IVF success. In Panel A, we omit these controls. Compared to
the estimates in Table 5, Panel C, the estimated sibling effects are slightly larger in
magnitude but remain statistically indistinguishable from zero.

In Panel B, we expand the standard set of controls to include additional pre-
treatment covariates: the first-born’s age, gender, birth weight, birth length, and
IVF status, along with indicators of parental college education, employment, and
pre-attempt income. While these variables may not directly affect outcomes or IVF
success, they may proxy for unobserved factors related to both. As with the no-
control estimates, the full-control estimates are slightly larger in magnitude but less
precise.

It is important to note that adding more controls in IPW settings does not neces-
sarily yield more credible estimates. If the additional covariates are unrelated to IVF
success, they may simply introduce noise and reduce precision. Consistent with this,
the standard errors in this specification are larger than those in Table 5, Panel C.

Next, we examine how the sibling effect estimates vary with different thresholds
for the maximum number of IVF attempts used for identification. Our baseline results
are based on the first five attempts. In the sample, 90%, 94%, and 97% of families
undergo no more than four, five, and six attempts, respectively. The estimates remain
stable when the threshold is lowered to four (Panel C) or raised to six (Panel D).

4.4 Heterogeneity

So far, we have focused on the average effect of having siblings on first-born children’s
school outcomes in the IVF sample. In our heterogeneity analysis, we explore whether
these effects vary across different subgroups of first-borns. We begin by examining
dimensions that may influence the relevance of the resource dilution and sibling so-
cialization channels, as well as those that help further address potential exclusion
restriction violations. We then consider margins that inform the generalizability of
our findings to non-IVF families.

First, we restrict the sample to subgroups defined by child sex, maternal education,
and household income. More specifically, we consider boys, girls, children of less
educated mothers, and children from low-income couples. Gender may matter if boys

and girls differ in how they mature and learn, and therefore in how they respond to

31



siblings. Maternal education could influence the ability to substitute for or reinforce
sibling socialization through other forms of support. Finally, resource constraints in
low-income families may amplify the role of resource dilution, which could be offset
by socialization benefits in more advantaged families.

We also examine subsamples defined by child and maternal age at the time of the
first IVF attempt, which helps us further to address potential violations of the exclu-
sion restriction. Older children spend more time as only children, making them better
suited for identifying sibling effects under the late-sibling exclusion condition (AS5).
Among those aged three or older at the time of their parents’ first IVF attempt, IVF
failure increases the average sibling age gap from 6.3 to 8.5 years. Older mothers are
less likely to conceive naturally, increasing the share of reliers and thereby strengthen-
ing the first stage while reducing bias from natural conceptions. In the subsample of
mothers aged 35 and above, the relier share rises to 0.69-0.70, which is substantially
higher than the 0.54-0.55 observed in the full sample (Table 5, Panel B).

Another margin considers sibling impacts at the lower end of the outcome distri-
butions. This is motivated by two considerations. First, the relatively high average
outcomes in the IVF sample (Table 1) may lead to possible ceiling effects, compress-
ing variation at the top and obscuring meaningful impacts. Second, children in the
IVF sample generally outperform those in the representative sample. By focusing on
lower-performing children, we may provide estimates that are more informative for
the broader population.

And relatedly, we may further improve the relevance for the broader population by
estimating average sibling effects in those IVF families that resemble representative
families (in being less affluent, less educated, and younger). In addition, we restrict
the sample to naturally conceived first-borns, women without diagnosed fertility issues
(i.e., where infertility stems from the partner), and second-born singletons. Focusing
on these subgroups makes the IVF sample more comparable to the general population,
further improving the external validity of our estimates.

Table TA presents average sibling effect estimates by these subgroups: boys (Panel
A), girls (Panel B), children of less educated mothers (Panel C), children from low-
income families (Panel D), older first-borns (Panel E), and children of older mothers
(Panel F). Table 7B complements this with estimates for the bottom quartile of the
outcome distribution (Panel G); average effects in a reweighted sample that matches

the representative population on family characteristics at first birth, as reported in
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Table 7A: The impact of having siblings on school outcomes: Heterogeneity

Math Reading Agreeable Consc. Emotional School
test test stability happiness
Panel A: first-born sons
Having siblings 0.002  -0.032 -0.024 -0.010 0.003 -0.025
0.063  0.052 0.063 0.066 0.061 0.060
Observations 3,013 3,976 2,720 2,701 2,686 2,768

Panel B: first-born daughters

Having siblings -0.052  0.040 0.007  -0.003  -0.000 -0.008
0.059  0.060 0.058  0.061 0.075 0.063
Observations 2,897 3,776 2,641 2,631 2,583 2,659

Panel C: less educated mothers

Having siblings  0.024  0.024 0.047  0.056 0.045 0.048
0.067  0.055 0.066  0.060  0.065 0.056
Observations 2,941 3,814 2,549 2,540 2,504 2,586

Panel D: low-income couples (bottom 50% of joint income distribution)

Having siblings -0.053  -0.048 0.027 0.013 0.022 0.010
0.063  0.063 0.063 0.067 0.068 0.067
Observations 3,052 3,986 2,581 2,559 2,533 2,617

Panel E: older first-born children (3 or older at first IVF)

Having siblings 0.047 0.035 -0.003 0.065 0.007 0.036
0.061  0.045 0.058 0.059 0.051 0.057
Observations 3,034 3,947 2,567 2,552 2,507 2,607

Panel F: older mother (35 or older at first IVF)

Having siblings -0.016  0.018 -0.017 -0.031 -0.071 -0.013
0.056  0.044 0.047 0.052 0.051 0.051
Observations 2,844 3,814 2,522 2,513 2,477 2,552

Note—All panels present results from the baseline specification under sequential inde-
pendence and late sibling exclusion assumptions. Standard errors are shown in italics.
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Table 7B: The impact of having siblings on school outcomes: Heterogeneity

Math Reading Agreeable Consc. Emotional School
test test stability happiness
Panel G: effect on first quartile
Having siblings  0.002 0.005 -0.073 -0.032 -0.011 -0.031
0.029  0.031 0.033 0.061 0.057 0.048
Observations 5,961 7,783 5,379 5,350 5,283 5,446

Panel H: re-weighted to match representative sample

Having siblings  0.005 0.024 -0.027 0.009 0.011 -0.011
0.032  0.028 0.035 0.034 0.039 0.034
Observations 5,961 7,783 5,379 5,350 5,283 5,446

Panel I: first child is non-I1VF

Having siblings 0.008  0.031 20.080  -0.013  0.017 -0.031
0.05)  0.050 0.067  0.060  0.062 0.056
Observations 3,262 4,182 2,837 2,824 2,778 2,878

Panel J: fathers infertile

Having siblings 0.093  -0.007 0.022 0.034 0.050 0.042
0.077  0.065 0.070 0.073 0.067 0.075
Observations 2,389 3,103 2,174 2,167 2,143 2,204

Panel K: no twins

Having siblings -0.013  0.002 -0.030 0.005 -0.024 -0.019
0.044 0.040 0.044 0.044 0.052 0.050
Observations 5,515 7,218 4,999 4973 4,905 5,062

Note-Panel G presents estimates for the effect on the first quartile of the outcome
distribution under sequential independence and late sibling exclusion assumptions.
Other panels present results from the baseline specification under sequential indepen-
dence and late sibling exclusion assumptions. Standard errors are shown in italics.
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Table 1 (Panel H); and estimates for naturally conceived first-borns (Panel I), children
with infertile fathers (Panel J), and families where the second-born child is a singleton
(Panel K).

Across subgroups, we find that nearly all sibling effect estimates remain con-
sistently close to zero and statistically indistinguishable from one another. Some
estimates are larger in magnitude, but these tend to be imprecise, lack a consistent
pattern, or both.

Overall, these findings reaffirm our earlier conclusion: that is, sibling effects are
consistently near zero across all outcomes and subgroups. This consistency suggests
that having siblings has little impact on both cognitive and non-cognitive outcomes
of first-born children. Moreover, the results also speak to the external validity of our
conclusions: that is, first-born children who resemble those in the general population
(in terms of conception, maternal health, sibling structure, and parental characteris-

tics) also show no meaningful benefit or harm from having siblings.

5 Conclusions

Our study focuses on only children. This is an increasingly important yet often
overlooked group of children in the economics literature on sibling composition and
child outcomes. Specifically, we assess how the outcomes of only children would
change if they were exposed to siblings. By leveraging the apparent randomness in
success at first and later IVF treatments in an administrative dataset covering all
Danish one-child families who sought IVF for a second child, we estimate the causal
effect of being an only child on a range of cognitive and non-cognitive outcomes.
This question is particularly relevant today: with fertility rates declining globally,
the number of only children is at an all-time high, making it essential to understand
the long-term consequences of this demographic shift.

When we consider simple associations, we find that first-born children without
siblings perform worse on cognitive tests, are more neurotic, less conscientious and
agreeable, and report lower levels of happiness than first-born children with siblings.
These only child associations are sizable and statistically significant. However, when
we move beyond associations and turn to causal inference, we find that all the effect
estimates are close to zero and statistically insignificant, suggesting that being the

only child (and thus being deprived of siblings) has no meaningful impact on the
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cognitive and non-cognitive outcomes of first-born children.

While our findings suggest that first-born children neither benefit nor suffer from
siblings, it is important to emphasize that our estimates are realized within Denmark:
a country with a generous education system and well-established child care institu-
tions. Suppose, for instance, that sibling effects are negative and driven by resource
competition. It is possible that Danish children do not suffer much from siblings
because education in Denmark is heavily subsidized and the returns to skill acqui-
sition are relatively low.'® If parents face fewer constraints and invest less in child
skills, Becker’s quantity—quality model predicts smaller effects of additional children
on child outcomes. In this sense, our findings are comparable to those of Black et al.
(2005), who argue that financial constraints are not important and show that children
raised in Norway are not worse off with more siblings.

Suppose, on the other hand, that sibling effects are positive and driven by social
interactions between siblings. In this setting, it is again possible that only children do
not benefit because, in Denmark, children have access to subsidized child care from
age one. Only children, although being deprived from siblings, are not isolated and
may face ample socialization opportunities in child care from an early age.

The lack of causal effects, combined with the strong negative associations between
being an only child and child outcomes, suggests that only children are a negatively
selected group. While identifying the precise sources of negative selection into one-
child families is beyond the scope of our study, we offer some speculative explanations.
One possibility is the optimal stopping rule: if a first-born child exhibits unfavorable
outcomes, parents may choose not to have another child. Another possibility relates
to relationship instability: if only children are more likely to grow up in divorced
families, they may have worse school outcomes (because of disrupted family life)
and may be more likely to remain only children (because divorce reduces subsequent
fertility).

In closing, our study highlights only children as an increasingly relevant group in
the context of global demographic change. By leveraging quasi-random variation in
IVF success at first and later treatments, we obtain relatively precise effect estimates
of having at least one sibling. We conclude that, in the Danish context, the presence

or absence of siblings does not impact the cognitive and non-cognitive development

6 Harmon et al. (2001) provide a cross-country analysis of the returns to education in Europe
and document one of the lowest returns in Denmark.
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of first-born children.

Appendix
We start with reduced form for reliers:

EMi(1) = Yo(0)|R=1] Pr[R=1] + E[Y1(1) — Yo(1)| R=0] Pr[R=0].

It consists of two terms. The first term captures the effect of whether siblings arrive
for reliers. The second term is the bias term and captures the effect of when siblings

arrive for non-reliers.

We next rewrite the bias term for non-reliers:
EVi(1) - Yo(0)| R=0] Pr{R—0] — E[Yo(1) — Yo(0)| R=0] Pr{R—0],

which we then substitute in the relier reduced form:

EYo(1) — Yo(1)|R=0]
EYi(1) = Yo(1)]

EYi(1) = Yo(0)] x |1 - Pr[R=0]| .

Under conditions (A6) and (A7), we can express the modified reduced form as:
EY1(1) = Yo(0)] x [1 — § PrirR=0]],

where 6 is the ratio between the effects of having siblings late and early for our sample
of non-relier first-born children. This ratio is assumed larger than 0 and smaller than
1. This implies that the reduced form for reliers act as an upper bound for the average
effect of having siblings because we multiply the average effect of having siblings with
something that is less than 1. This also implies that the second stage, which we can

write as:

Ei(1) — Yo(0)] {1 —HPr[Rzo]} |

1 — Pr[R=0]

acts as a lower bound because we now multiply the average effect of having siblings

with something that is larger than 1.
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