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time spent with the child. We confirm that an early health insult negatively affects the child under
several different domains, ranging from later health, to cognition, to personality. We also show
that early health shocks negatively affect parental expectations, but do not change the child’s per-
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JEL classification: C23, D13, I12, J13
Keywords: Early health shocks, parental responses, compensation, reinforcement, human capital
formation.

∗Gabriella Conti, Department of Economics, University of Chicago; email: gconti@uchicago.edu. James Heck-
man: Department of Economics, University of Chicago; email: jjh@uchicago.edu. Junjian Yi, Department of
Economics, Chinese University of Hong Kong; email: junjianyi@cuhk.edu.hk. Junsen Zhang, Department of Eco-
nomics, Chinese University of Hong Kong; email: jszhang@cuhk.edu.hk



D
RA
FT

1 Introduction

The longlasting effects of early childhood conditions on a variety of adult outcomes have spanned

a great deal of research by economists in the last decade. There is now consolidated evidence

that an insult occurred early in life can have a causal adverse effect on many long-term outcomes.

However, much less is known about the role of intervening inputs – in particular, parental responses

– in reinforcing or mitigating the effects of preexisting conditions. What parents do to affect the

life chances of their children is still not well understood. This paper is an attempt to advance this

literature. We recognize the multidimensionality of human capital and move beyond the traditional

assumption that parents can either compensate or reinforce. We formulate a novel theoretical

model and provide empirical support to our predictions: parents adopt a strategy of compensating

investment in child health but of reinforcing investment in education, in response to an early health

shock.

The rest of the paper is organized as follows. The literatures our work refers to are briefly

reviewed in section 2. Section 3 outlines our theoretical framework, and section 4 presents our

econometric strategy. The data is described in section 5, and the results discussed in section 6.

Section 7 concludes.

2 Literature Review

This paper combines two strands of literature: the burgeoning literature on the effects of early-life

conditions on later-life outcomes, and the more consolidated literature on intrahousehold alloca-

tion of resources. By merging the two literatures through a dynamic model of human capability

formation, we are able to model the mechanisms – parental responses – through which early-life

conditions affect later-life outcomes under a variety of dimensions.

Understanding how parents allocate resources across children has been researched in economics

since the seminal work of Becker and Tomes (1976) and Behrman, Pollak, and Taubman (1982).

Since neither the wealth model nor the separable earnings-transfer model makes unequivocal predic-

tions regarding parental investment strategies, whether parents exhibit a reinforcing, compensating

or neutral behavior has been ultimately an empirical question. Most studies have found evidence

of reinforcing behavior (see, for example, Rosenzweig and Schultz (1982), Behrman, Rosenzweig,
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and Taubman (1994) and Rosenzweig and Wolpin (1988)), while a few studies have found empirical

support for a compensation strategy adopted by the parents (Pitt, Rosenzweig, and Hassan, 1990).

This literature usually assumes the existence of only one dimension for parents to compensate or

reinforce; moreover, it frequently uses measures of children’s outcomes, such as educational attain-

ment and test scores, to infer parental investments. We overcome both limitations in our present

work.

The second strand of literature we refer to is that on the effect of early-life conditions on late-life

circumstances (see (Case, Fertig, and Paxson, 2005), for example). This literature has achieved

a consensus on the negative effect of an early-life health insult on both short- (Currie, Stabile,

Manivong, and Roos, 2008) and long-run outcomes (Smith, 2009), however it has not considered

the role played by parental behavior.

We join these two literatures using a dynamic model of human capability formation (Heckman,

2007), which links early endowments to late outcomes through both self-productivity processes and

effects on parental investment behavior.

3 The Theoretic Model

In this section we extend the model of human capability formation developed in Heckman (2007)

to a multiple sibling setting, and we nest it into a standard model of intrahousehold resource

allocation (Becker and Tomes (1976) and Behrman, Pollak, and Taubman (1982)). By allowing

multidimensionality of child endowments, we allow parents to compensate and reinforce along

different dimensions. We show that an early health shock can affect child outcomes through two

channels: a direct channel – the production of human capital – and an indirect one – the process

of intrahousehold resource allocation.

3.1 The Production Technology

Each family has two children (ι = i, j), and they are twins.1 There are two periods of childhood

(t = 1, 2). Each child has a bidimensional skill set: health (H) and other skills. The latter includes

1This assumption is dictated by the data we use in our empirical analysis. It is natural to extend the model
to a general case with n children in the family. However, fertility and birth spacing may be endogenous to health
conditions of existing children (Rosenzweig and Wolpin, 1988). We leave this extension to another occasion.
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both cognitive and noncognitive skills, but we refer to it as cognitive skills (C) in the theoretical

section for ease of notation.2 We denote endowments and investments in each period respectively as

θkι,t and Ikι,t, where ι = i, j indexes the child, t = 0, 1, 2 the time period (0 is birth), and k = H,C.3

Following Heckman (2007), we write the production technologies and the investment functions for

child i as:

θHi,1 = fH(θHi,0, θ
C
i,0, I

H
i,0) + eHi,1, (1)

θCi,1 = fC(θHi,0, θ
C
i,0, I

C
i,0), (2)

θHi,2 = fH(θHi,1, θ
C
i,1, I

H
i,1), (3)

θCi,2 = fC(θHi,1, θ
C
i,1, I

C
i,1), (4)

IHi,1 = fH(θHi,1, θ
C
i,1, θ

H
j,1, θ

C
j,1), (5)

ICi,1 = fC(θHi,1, θ
C
i,1, θ

H
j,1, θ

C
j,1), (6)

Our key assumption is that a health shock affecting child i in period 1 (eHi,1) only has a direct effect

on her own health in the first period, while it affects second-period outcomes through two channels:

the process of health and cognitive capital accumulation (3)-(4), and parental investments (5)-

(6).4 Notice in equations (1)-(4), we assume that children born in the same family share the same

production technology, while we allow for the production technology of health to differ from that of

cognitive skills. All functions are assumed to be continuously twice differentiable and quasi-concave.

We now analyze the different channels through which an early health shock to child i (eHi,1)

operates. First, the total effect on child’s i health in the second period can be decomposed as:

dθHi,2

deHi,1
=
∂θHi,2

∂θHi,1
·
∂θHi,1

∂eHi,1
+
∂θHi,2

∂IHi,1
·
∂IHi,1

∂θHi,1
·
∂θHi,1

∂eHi,1
, (7)

where the first term is a direct self-productivity effect (Heckman, 2007), and we define the second

term a resource reallocation effect (parents reallocate family resources in response to a health shock

2In our empirical analysis, we distinguish between cognitive and noncognitive skills.
3Ikι,0 indicate nutrition intake in utero. Given that our empirical analysis focuses on twins, we are safely assuming

that Ikı,0 = Ikj,0 or Ikι,0 is exogenous across twin siblings
4Of course a child can be hit by a health shock also in the second period. We assume that health shocks in

the second period are serially uncorrelated with health shocks in the first period, conditioning on health in the first
period. This assumption can be easily relaxed and it is dictated by the information that we have available in our
data.
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on child i). Second, the total effect of an early health shock to child i (eHi,1) on her own cognitive

capacity in the second period can also be decomposed into two channels:

dθCi,2

deHi,1
=
∂θCi,2

∂θHi,1
·
∂θHi,1

∂eHi,1
+
∂θCi,2

∂ICi,1
·
∂ICi,1

∂θHi,1
·
∂θHi,1

∂eHi,1
, (8)

where the first term is a cross-productivity effect (as shown in equation 4), and the second term is

again an intrahousehold resource reallocation effect. Finally, an early health shock on child i will

also affect child j’s (j 6= i) health and cognitive skills, in both cases through the intrahousehold

resources reallocation process. Specifically, the cross-effects of child i’s health shock on child j’s

health and cognitive skills are:

dθHj,2

deHi,1
=

∂θHj,2

∂IHj,1
·
∂IHj,1

∂θHi,1
·
∂θHi,1

∂eHi,1
, (9)

dθCj,2

deHi,1
=

∂θCj,2

∂ICj,1
·
∂ICj,1

∂θHi,1
·
∂θHi,1

∂eHi,1
. (10)

Combining equations (7)-(10), we derive the net effect of an early health shock affecting child

i on the twins health and cognitive capital as:

dθHi,2

deHi,1
−
dθHj,2

deHi,1
=

∂θHi,2

∂θHi,1
·
∂θHi,1

∂eHi,1
+

(
∂θHi,2

∂IHi,1
·
∂IHi,1

∂θHi,1
−
∂θHj,2

∂IHj,1
·
∂IHj,1

∂θHi,1

)
·
∂θHi,1

∂eHi,1
, (11)

dθCi,2

deHi,1
−
dθCj,2

deHi,1
=

∂θCi,2

∂θHi,1
·
∂θHi,1

∂eHi,1
+

(
∂θCi,2

∂ICi,1
·
∂ICi,1

∂θHi,1
−
∂θCj,2

∂ICj,1
·
∂ICj,1

∂θHi,1

)
·
∂θHi,1

∂eHi,1
. (12)

These equations clearly show the two channels through which early health shocks affect the dis-

tribution of health and cognitive capital within families. The first term on the right-hand side

of both equations shows how an early health shock eHi,1 affects the health and cognitive capital of

child i through self- and cross-productivity: this term is always negative. The second term shows

how the early health shock operates through intrahousehold resource allocation. Since this pro-

cess is affected by parental preferences, we now proceed to model parental responses in the next

subsection.
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3.2 Parental Preferences and Budget Constraint

We assume that parents are altruistic and care about both their own consumption and the quality

of their children. Thus, parental preferences can be represented by a utility function of the following

form:

W = W [c, V (θHi,2, θ
C
i,2), V (θHj,2, θ

C
j,2)],

where c is parental consumption,5 and V (θHι,2, θ
C
ι,2) is the child quality function (ι = i, j). Notice

both children have the same quality function but they may have different health and cognitive skills

in the second period. The budget constraint is specified as:

pc · c+ IHi,1 + IHj,1 + ICi,1 + ICj,1 = Y,

where pc is the price of parental consumption, and the price of investment is normalized to one.

We denote total resources allocated to children as:

Y c = IHi,1 + IHj,1 + ICi,1 + ICj,1 (13)

Following Behrman, Pollak, and Taubman (1982), we assume that the utility parents derive

from children is separable from parental consumption, so that we can rewrite the utility function

(3.2) as:

W = W{c, U [V (θHi,2, θ
C
i,2), V (θHj,2, θ

C
j,2)]}, (14)

The separability assumption is very convenient as it allows us to focus on the allocation of resources

across children without considering its effects on parental consumption. Thus, we can restate the

problem of parental investments in children as that of maximizing the following utility function:

U = U [V (θHi,2, θ
C
i,2), V (θHj,2, θ

C
j,2)], (15)

subject to the budget constraint (13), the production technologies of health and cognitive skills

(1)-(4), and the quality function.

5We assume that children’s consumption (excluding investments) is a basic need, and that parents allocate
children’s consumption resources identically across them. So we can ignore this term in the parental utility function.
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3.3 Early Health Shocks and Parental Resource Reallocations

To derive the comparative static results of the effects of an early health shock on parental resource

reallocations, we follow Behrman, Pollak, and Taubman (1982) and specify parental preference as

a CES utility function6

U = {[V (θHi,2, θ
C
i,2)]

ρ + [V (θHj,2, θ
C
j,2)]

ρ}
1
ρ , (16)

where ρ < 1. The nice feature of the CES representation of the parental utility function is that ρ

measures the degree of parental inequality aversion across children. When ρ < 0, parents exhibit

inequality aversion and so adopt a strategy to compensate for the negative effects of an early

health shock. On the other hand, when 0 < ρ < 1 parents do not exhibit inequality aversion,

and so adopt a reinforcement strategy. Conceptually, the sign of ρ is determined by the tradeoff

between efficiency and equality. If the decision of investment on children is mainly motivated by

efficiency, then 0 < ρ < 1. Otherwise, the motivation of equality out-weights that of efficiency and

ρ < 0 (Behrman, Pollak, and Taubman, 1982). In less developed countries, efficiency may be the

major consideration and ρ is more likely to be positive. In contrast, equality may be the major one

in developed countries and ρ is more likely to be negative.7

We then assume the following functional form for the child quality function V (θHι,2, θ
C
ι,2) (ι = i, j):

V (θHι,2, θ
C
ι,2) = (θHι,2)

αH (θCι,2)
αC , (17)

where 0 < αH , αC < 1, and αH(αC) measures the importance of health (cognitive skills) in the

quality function. Finally, following Behrman, Pollak, and Taubman (1982) and Cunha and Heck-

man (2008), we assume substitutability between investment in health (IHι,1) and the stock of health

(θHι,1) in the health production function (θHι,2), and between investment in cognitive skills (ICι,1) and

the cognitive stock (θCι,1) in the cognitive skills production function (θCι,2). We then assume the

6We assume that parents have equal concerns for their children. Thus, the weights in the child quality function
are equal and normalized to one. Graphically, the symmetry in the parental welfare function means that the parental
welfare function (equation (16)) is symmetrical around the 45o ray from the origin. However, it does not automatically
imply that resources are equally distributed across children, as they may have different endowments or may be
differentially hit by shocks, as this paper shows. Notice that the analytical results of this section remains qualitatively
the same if we assume that parents put different weights on the quality of different children. For more discussion on
the parental welfare function, see Behrman, Pollak, and Taubman (1982).

7ρ is a continuous variable and it implies that all parents have both efficiency and equality considerations unless
ρ = 1 or ρ = −∞. ρ = 1 means that parents only care efficiency, while ρ = −∞ means that parents only care
equality. The sign of ρ indicates which consideration is the dominant one.
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following functional forms for the production technologies:8

θHι,2 = (θCι,1)
γ [βθθ

H
ι,1 + βII

H
ι,1]

1−γ , (18)

θCι,2 = (θHι,1)
γ [βθθ

C
ι,1 + βII

C
ι,1]

1−γ , (19)

where 0 < γ < 1 and 0 < βθ, βI < 1. The parameter γ can be interpreted as the importance of

the first-period cognition (health) in producing health (cognition) in the second period, while the

parameter βθ can be interpreted as the relative importance of the first-period health (cognition) in

producing health (cognition) in the second period, relative to investment in health (cognition) in

the first period.

By solving the parental optimization problem (maximizing the utility function (16) subject to

the budget constraint (equation (13)), the production technologies (equations (18)-(19)), and the

quality function (equation (17))), we derive the optimal investment in health and cognitive skills

of child i as:9

IH∗
i,1 =

αH
βI
Wπi −

βθ
βI
θHi,1, (20)

IC∗
i,1 =

αC
βI
Wπi −

βθ
βI
θCi,1, (21)

where:

W = βθ(θ
H
i,1 + θCi,1 + θHj,1 + θCj,1) + (βI)I, (22)

πi =
V (θHi,2, θ

C
i,2)

ρ

Uρ
. (23)

Let’s first consider equation (22). W measures the full resources devoted to the production of health

and cognitive skills in the second period, which includes the health and cognitive stock of both

children in the first period and the investment budget in the first period, weighted by their relative

importance in the production function (see equations (18)-(19)). Notice that dW/dθHi,1 = βθ > 0:

an increase in child i’s health in the first period by one unit increases the full resources by βθ. We

call this a wealth effect as in Becker and Tomes (1976). The wealth effect is always positive. Let’s

8We assume a Cobb-Douglas production technology to simplify the calculations. Our basic results are unchanged
by assuming a general CES production technology and relaxing the perfect substitutability assumption. They are
reported in the web appendix.

9The formal derivation is reported in the web appendix.
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now consider equation (23): πi measures the relative importance of child i in the parental utility

function.10 Thus, Wπi measures the share of total resources allocated to child i. It is important to

notice that the sign of dπi/dθ
H
i,1 is determined by the parental inequality aversion parameter ρ:11

when ρ > 0, parents adopt a reinforcement strategy, so they allocate more resource to child i if

the child has better health in the first period. Following Becker and Tomes (1976), we interpret

dπi/dθ
H
i,1 as a ”price effect”, since an increase of child i’s health changes the child’s relative price

in the parental utility function. Let’s finally consider the equation for optimal investment in health

(equation (20)): here αH measures the relative importance of health in the child quality function

(equation (17)); βI measures the productivity of the investment in health (see equation (18)); and

βθ/βI measures the trade-off between health in the first period and investments in health in the

first period in the production technology (equation (18)). An analogous interpretation applies to

the equation for optimal investment in cognitive skills (equation (21)).

We now derive the comparative static results for the effect of health in the first period on

investment in health and cognitive skills for child i:

∂IH∗
i,1

∂θHi,1
=

αH
βI

(
∂W

∂θHi,1
πi +

∂πi

∂θHi,1
W

)
− βθ
βI
, (24)

∂IC∗
i,1

∂θHi,1
=

αC
βI

(
∂W

∂θHi,1
πi +

∂πi

∂θHi,1
W

)
. (25)

We notice that, in addition to the wealth effect and the price effect discussed above, equation (24)

also includes an additional term, (−βθ/βI), that we call a technological effect, as it stems directly

from the health production technology (equation (18)). Because of substitutability between the

health stock in the first period and the investment in health (equation (18)), an increase in the

health stock in the first period will reduce the amount invested in health, so the technological effect

is negative. As noted above, the wealth effect is always positive, while the sign of the price effect

depends on the parental degree of inequality aversion: ∂πi/∂θ
H
i,1 is positive if ρ > 0 (parents adopt

a reinforcement strategy), while it is negative if ρ < 0 (parents adopt a compensation strategy).

In either case, the own effect of first-period health on investment in health is ambiguous. On the

contrary, the own effect of first-period health on investment in cognitive skills is always positive if

10Notice that Uρ = Vi(θ
H
i,2, θ

C
i,2)ρ + Vi(θ

H
j,2, θ

C
j,2)ρ.

11Please refer to the mathematical derivation in the web appendix.
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parents exhibit no inequality aversion, since both the wealth effect and the price effect are positive

(see equation (25)). The cross-effects of child i’s health in the first period on investment in health

and cognitive skills of child j are:

∂IH∗
j,1

∂θHi,1
=

αH
βI

(
∂W

∂θHi,1
πj +

∂πj

∂θHi,1
W

)
, (26)

∂IC∗
j,1

∂θHi,1
=

αC
βI

(
∂W

∂θHi,1
πj +

∂πj

∂θHi,1
W

)
. (27)

We notice that ∂πj/∂θ
H
i,1 has the opposite sign as ∂πi/∂θ

H
i,1 because that πi +πj = 1. For example,

under a reinforcement strategy (ρ > 0), ∂πi/∂θ
H
i,1 > 0, while ∂πj/∂θ

H
i,1 < 0. Combining equations

(24)-(27), we derive:12

∂IH∗
i,2

∂θHi,1
−
∂IH∗

j,1

∂θHi,1
=

αH
βI

(
∂πi

∂θHi,1
− ∂πj

∂θHi,1

)
W − βθ

βI
, (28)

∂IC∗
i,2

∂θHi,1
−
∂IC∗

j,1

∂θHi,1
=

αC
βI

(
∂πi

∂θHi,1
− ∂πj

∂θHi,1

)
W. (29)

When parents adopt a reinforcement strategy (ρ > 0), ∂IC∗
i,1 /∂θ

H
i,1 − ∂IC∗

j,1 /∂θ
H
i,1 is positive, while

∂IH∗
i,1 /∂θ

H
i,1 − ∂IH∗

j,1 /∂θ
H
i,1 is indetermined.

In the final part of this section, we summarize the main predictions of our theoretical model

which we will then test empirically. The first prediction is related to the effect of an early health

shock on child i on the difference in investment in health and cognitive skills across twins:

(
∂IH∗

i,1

∂θHi,1
−
∂IH∗

j,1

∂θHi,1

)
∂θHi,1

∂eHi,1
=

[
αH
βI

(
∂πi

∂θHi,1
− ∂πj

∂θHi,1

)
W − βθ

βI

]
∂θHi,1

∂eHi,1
, (30)(

∂IC∗
i,1

∂θHi,1
−
∂IC∗

j,1

∂θHi,1

)
∂θHi,1

∂eHi,1
=

[
αC
βI

(
∂πi

∂θHi,1
− ∂πj

∂θHi,1

)
W

]
∂θHi,1

∂eHi,1
, (31)

where ∂θHi,1/∂e
H
i,1 < 0.13 When ρ > 0, the within-twin-pair fixed-effects estimate of the effect of

an early health shock on investment in cognitive skills is predicted to be negative (equation (31)).

12Notice we make the additional assumption that children born in the same family have the same stock of health
and cognition at birth, i.e. πj = πi. Since we use twins data in our empirical analysis and always condition on
birth weight, we believe such an assumption to be credible. Therefore, the wealth effects are swept out in the
within-twin-pair difference

13We assume a negative health shock throughout the paper. It is possible that there exits a positive health shock.
In this case, ∂θHi,1/∂e

H
i,1 > 0
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However, the sign of the effect on investment in health is ambiguous (equation (30)), as it depends

on the relative magnitude of the price effect (which is positive) and of the technological effect

(which is negative). The case when ρ < 0 can be analyzed in a similar way.

The second prediction is related to the effect of an early health shock on health and cognition

in the second period. By plugging equations (28)-(29) into equations (11)-(12) and assuming that

∂θHi,2
∂IHi,1

=
∂θHj,2
∂IHj,1

and
∂θCi,2
∂ICi,1

=
∂θCj,2
∂ICj,1

, we obtain:

dθHi,2

deHi,1
−
dθHj,2

deHi,1
=

∂θHi,2

∂θHi,1
·
∂θHi,1

∂eHi,1
+
∂θHi,2

∂IHi,1
·

[
αH
βI

(
∂πi

∂θHi,1
− ∂πj

∂θHi,1

)
W − βθ

βI

]
·
∂θHi,1

∂eHi,1
, (32)

dθCi,2

deHi,1
−
dθCj,2

deHi,1
=

∂θCi,2

∂θHi,1
·
∂θHi,1

∂eHi,1
+
∂θCi,2

∂ICi,1
·

[
αC
βI

(
∂πi

∂θHi,1
− ∂πj

∂θHi,1

)
W

]
·
∂θHi,1

∂eHi,1
. (33)

When ρ > 0, the within-twin-pair fixed-effects estimate of the effect of an early health shock on

cognitive skills in the second period is predicted to be negative (equation (33)). However, the sign

of the effect on health in the second period is ambiguous (equation (32)), since it depends on the

relative magnitude of the price effect (which is positive) and of the technological effect (which is

negative). The case when ρ < 0 can be analyzed in a similar way.

4 The Econometric Analysis

Guided by our theoretical model, we first analyze how parents respond to an early health shock.

The stochastic version of the parental investment equations is specified as:

Iκι,τ = ακeHι,τ +Xι,τβ
κ + ζτϕ

κ + µτ + εκι,τ , (34)

where κ = H,C, and ι indexes individual twins and τ households. Iκι,τ is investment in κ during

the first period, eHι,τ is a health shock in the first period; Xι,τ is a vector of child-specific charac-

teristics; ζτ is a vector of observed household characteristics which affect parental investments; µτ

is unobservable household heterogeneity; εκι,τ is the disturbance term. To sweep out family-level

unobserved heterogeneity, we use the following within-twin-pair fixed-effects specification:

Iκi,τ − Iκj,τ = ακ
(
eHi,τ − eHj,τ

)
+ (Xi,τ −Xj,τ )βκ + εκi,τ − εκj,τ , (35)
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where i and j index the two twins in the pair. Equation (35) is the empirical counterpart of

equations (30)-(31). We notice that the within-twin-pair estimation not only sweeps out the family-

level unobserved heterogeneity, but also the wealth effect induced by an early health shock. Thus,

when κ = C, the sign of ακ is uniquely determined by the degree of parental inequality aversion (ρ):

if parents do not avert inequality across their children (ρ > 0) and adopt a reinforcement strategy,

then αC is negative. However, the sign of αH remains undetermined, as it depends on the trade-off

between the parental degree of inequality aversion and the substitutability between investment in

health and the stock of health in the first period to produce health in the second period. We then

analyze how an early health shock affects later outcomes, using the following empirical specification

for the outcome equation:

θκι,τ = γκeHι,τ +Xι,τδ
κ + ζτψ

κ + µτ + εκι,τ , (36)

where θκι,τ is outcome κ for twin ι in household τ in the second period, and all the other terms are

defined as in equation (34). The corresponding within-twin-pair fixed-effects specification:

θκi,τ − θκj,τ = γκ(eHi,τ − eHj,τ ) + (Xi,τ −Xj,τ )δκ + εκi,τ − εκj,τ . (37)

Equation (37) is the empirical counterpart of equations (32)-(33). Out theoretical model predicts

the sign of γκ to be uniquely determined by the parental degree of inequality aversion, ρ, when

κ = C:14: when ρ > 0 (parents adopt a reinforcement strategy), we expect γC < 0. However, the

sign of γH is undetermined.

Before moving on to the data description, we briefly discuss our identification strategy. On

the one hand, although siblings are biologically similar to dizygotic twins, the within-twin-pair

fixed-effects estimator requires much weaker identification assumptions than the within-siblings

fixed-effects estimator when estimating child outcomes production functions (Todd and Wolpin,

2007). Specifically, the within-siblings fixed-effects estimator requires three additional assumptions.

First, the effects of an early health shock must be either independent of age if siblings’ outcomes

are measured at different ages but at the same point in time, or independent of time if siblings’

14As specified in the next section, in our empirical analysis C includes both child academic achievement and
noncognitive skills
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outcomes are measured at the same age but at different points in time. Second, parents must

not make time-varying investments across siblings. Third, parents must not adjust their fertility

choices and investment behavior in response to a health shock affecting their existing children – an

assumption which seems untenable according to the evidence in Rosenzweig and Wolpin (1988).

On the other hand, our within-twin-pair fixed-effects estimator still relies on the assumption

that εi,τ − εj,τ and εi,τ − εj,τ are uncorrelated with eHi,τ − eHj,τ , conditioning on observables. In

other words, our key identification assumption is that, conditional on the family fixed effect and

the observed covariates, the early health shock occurs randomly within twin pairs. Of course, there

is always the possibility that it could reflect unobserved health differences. Unfortunately, due

to data limitations, we cannot estimate a model which also includes individual-level unobserved

heterogeneity, but we try to address this concern by controlling for birth weight in all our spec-

ifications. Our rationale for doing so is that the birth weight can be considered a proxy for the

child’s stock of health capital at birth, before the occurrence of the early health shock at ages 0-3

(Behrman and Rosenzweig, 2004).

5 The Data

We use data drawn from the Chinese Child Twins Survey (CCTS), which is the first large scale

survey based on a census of child twins of which we are aware.15 The survey was carried out by the

Urban Survey Unit (USU) of the National Bureau of Statistics (NBS) in late 2002 and early 2003

in the Kunming district of China. Kunming is the capital of Yunnan Province, which is located in

the far southwestern corner of China and is one of China’s relatively undeveloped provinces. It has

a total population of about 5 million. The CCTS includes a sample of households with twins aged

between 7 and 18 years resident in Kunming. The households were initially identified by the USU

using the 2000 population census according to whether the children had the same birth year and

month and the same relationship with the household head. The addresses of these households were

then obtained from the census office, and the presence of twins was determined with a visit to the

household. Starting from 2300 pairs of potential twins identified in the census, 1694 households

with twins were successfully interviewed; of these, 1300 households had twins on the first birth

15See Rosenzweig and Zhang (2009) for a detailed description of the CCTS.
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and 394 households had twins on the second birth.16 A comparison sample of 1693 households

with no twins were also surveyed by means of the same questionnaire.17 The questionnaire was

designed by Junsen Zhang in close consultation with Mark Rosenzweig and Chinese experts at

the National Bureau of Statistics. Based on existing twins and child questionnaires in the US

and elsewhere, the survey covers an extensive range of information about inputs and outcomes

of children, in addition to a wide range of demographic, social, and economic information at the

household level. The questionnaire is divided into two parts. The first part is answered jointly by

the father, the mother, and the children, and collects information on the household situation, on the

parents, on the schooling and health (including the health history) of the children, and on parental

investments. After completing the first part, parents and each child are separately interviewed in

different rooms. The second part covers information on home tutoring, children’s schooling and

academic performance, entertainment, and social activities. We now describe the main variables

that we use in our empirical analysis.

Early health shocks. Our independent variable of interest (early health shocks) is defined as a

dummy indicating whether the child had suffered from a serious disease during the ages 0-3; table 1

in the appendix shows that the prevalence rate in our sample is 9%. The complete list of diseases is

reported in Table 4 in the appendix, and it includes diarrhea, calcium deficiency, asthma, fracture,

attention deficit disorder, heart disease, hearing difficulties, hooping cough, stammer, eyesight

problem, monophobia, obesity, hyperactivity and surgery defect. It shows that diarrhoea is the

most frequent disease in our sample, as it is the case for children in developing countries (Strauss

and Thomas, 1998); it also shows that there is sufficient variation within twin pairs to enable us to

use a within-twin-pair fixed-effects estimator.18 We now address some potential concerns regarding

the measurement of early health shocks, since they are based on health histories reconstructed

retrospectively. First, retrospective data may suffer from recall error (Strauss and Thomas, 1998).

We believe this to be less of a problem in our case for essentially two reasons: on the one hand,

16The one-child policy is strictly implemented in urban areas in Kunming. In rural areas, however, households
are encouraged to have one child, but are exempted from the strict one-child policy (they are allowed to have two
children at most (of Yunnan Province (2003))).

17The fourth household on the right hand side of the same block of the twin household was chosen as non-twin
comparison. If the fourth household had no children aged 6-18, then interviewers would continue with the fifth, sixth,
etc.

18Unfortunately, we cannot distinguish between mental and physical diseases, because the former have low preva-
lence in our sample. See Currie and Stabile (2006) for an analysis of the effect of child mental health on human
capital accumulation.
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the health history questions are answered together by the father, the mother and the children (in

the first part of the questionnaire); on the other hand, given the young age of the twin sample, the

recall period is not very long. Second, respondents may use different thresholds, so that some of the

differences in reported illnesses across households may simply reflect differences in the standards

(Strauss and Thomas, 1998; Smith, 2009). Like for recall bias, also for reporting heterogeneity there

could be systematic differences across households (for example, more educated households could

both keep more accurate medical records and have higher standards). However, these differences

are unlikely to exist across twin siblings within a same family, so our within-twin-pair fixed-effects

estimation strategy will take care of that.19

Family Investments. Our main dependent variables are measures of family investments in

children. We use two types of measures of parental investments: in money and in time. We can

further differentiate the former as medical, education, and clothing expenditure, while the latter is

measured as time spent tutoring the child.

Parental Labor Supply and Expenditures. We also analyze the effect of an early health

shock on parental labor supply, measured as days worked per month, and on parental expenditures

on several goods: cigarettes, alcohol, clothes and cosmetics. Notice that we have separate variables

for both the mother and the father.

Child Health. As measures of child health we use anthropometric measures (height and

weight) and indicators of health status and the number of visits to the hospital, reported by both

parents.

Child Academic and Schooling Performance. The measures of academic performance we

use include both objective (exam transcripts) and subjective (self-reported evaluation in comparison

to the class norm) measures in three different subjects: literature, mathematics and english. We

also have several measures of school performance, both recorded from transcripts (current grade,

good student awards and awards in contest) and reported by the parents (whether the parents have

been interviewed by the teacher for the poor performance of the child, and whether the child was

inattentive and criticized by the teacher in class).

Child Noncognitive Skills. Our data is extremely rich in terms of noncognitive measures,

19Another interesting aspect of the twin design is that it overcomes the usual problem of lack of an explicit
reference group (or anchoring): it is natural for the parents to think of one twin as the reference point for the other.
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which range from child behavior and emotional stability to measures of relationships with the peers.

All measures are reported by both parents.

Parent-Child Relationship. Finally, we also have several measures of the parent-child rela-

tionship, both from the parents’ (educational expectations and quality of the relationship) and the

children’s perspective (openness of the communication and time spent with the parents).

Summary statistics for all the variables are reported in Table 1 in the web appendix.

6 Results

6.1 The Effects of Early Health Shocks on Parental Resource Reallocations

We first analyze the effects of early health shocks on parental investments. Our main result is that

parents adopt a compensation strategy in the case of health, but a reinforcement strategy in the

case of education. As shown in Table 1, parents reallocate on average 307 U from the healthy to

the sick twin, but they subtract 191 U worth of expenditures in education from the sick twin to

the healthy one. An additional result is that we only see the reallocation process working in terms

of money invested in children, while there is no change in the time spent with them. This suggests

that the effects of early health shocks mainly operate through the budget constraint, not through

preferences. Interestingly, we find significant differences across subsamples. On the one hand, the

increase in health expenditures in favor of the sick twin in rural areas is not accompanied by a

corresponding decrease in educational expenditures; we find evidence, instead, of a reduction in

clothing expenditures, nonetheless of modest amount. We rationalize this finding in light of the

fact that the budget constraint is already binding in rural areas, so that no further reductions in

educational expenditures are possible. In urban areas, instead, the amount of educational resources

subtracted from the sick child almost exactly offsets, in monetary terms, the amount redistributed

to pay for her medical expenses. On the other hand, we also find significant differences by gender.

While, in the case of male twin pairs, a reallocation of medical expenditures in favor of the sick

twin is not offset by a corresponding reduction in educational expenditures, we find, instead, that

this is the case for female twin pairs.
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6.2 The Effects of Early Health Shocks on Parental Labor Supply and Expen-

ditures

Before analyzing the effects on child outcomes, we investigate the effects of an early health shock on

parental work and consumption patterns. As these characteristics are invariant within twin pairs,

we conduct the analysis at the household level, and and we analyze whether there are differences

in parental labor supply and expenditures in case only one twin is hit by the health shock, as

compared to the case in which none of them is (we also include the case in which both twins are,

as a separate category).20 Again, we find interesting differences across subsamples. As reported in

Table 2, in rural areas, in case one twin is hit by a health shock, the father is significantly less likely

to spend money in cosmetics, while the mother has significantly lower expenditures in unhealthy

goods like cigarettes and alcohol.21 In urban areas, instead, we find no significant difference in

reported paternal expenditures, while we find that mothers have significantly lower expenditures

in alcohol, and supply more work. Similar differences emerge when comparing the male and the

female sample (Table 3): in the former case, we only see an increase in maternal working hours,

while in the latter we find a significant decrease in expenditures on alcohol and clothing for both

parents, and on cosmetics for the father.

6.3 The Effects of Early Health Shocks on Child Outcomes

We now examine the effects of early health shocks on children outcomes. We begin in Table 4

by looking at their effects on later health. Overall, we find some evidence of a long-lasting effect

on anthropometric measures, but we see that the twin hit by the early insult is evaluated by the

parent as being in worse health, and is reported to have a bigger number of hospital visits. The

rural sample is an exception. Here we find that an early health insult has an effect on weight and

BMI, but not on the number of hospital visits. We interpret this evidence by speculating that health

shocks may have more longlasting effects in a rural setting as a tighten budget constraint might not

allow the parents to go to the hospital every time it would be required. Table 5 shows that the twin

hit by an early health insult has poorer achievement, both perceived and actual. We also uncover

20These two cases could be indicators of, respectively, a positive or negative household-level fixed health endow-
ment.

21Notice that, as can be seen in Table 1 in the Appendix, the money spent in these goods amounts to a very small
share of the family income.
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a significant gender difference: in the case of female twins, the difference in achievement with the

healthy sister is only perceived, not real. Table 6 shows that an early health insult negatively affects

also the twin’s schooling performance. We uncover a significant difference between the rural and

the urban sample: while in rural areas we see the effects mainly operating through a problematic

behavior in the classroom, in urban areas the long-lasting effects of early-life insults seem to affect

mainly the purely educational performance. This is consistent with the evidence reported earlier of

a reduction in educational expenditure in the urban areas but not in the rural ones. Lastly, Table

7-Table 8 show that an early health insult consistently and negatively affects the child’s personality

in several different domains.

6.4 The Effects of Early Health Shocks on the Parent-Child Relationship

Finally, Table 9 shows the results on the effects of early health shocks on the relationship between

parents and children. From the parental standpoint, we find that parents consistently lower their

expectations for the expected educational level of the child hit by the shock, and they also report a

worsening of their relationship. The only exception to this pattern occurs for the rural sample, and

can be explained in the context of a more traditional type of parent-child relationship, where parents

have expectations and children have duties which are unaffected by changes in circumstances. From

the child standpoint, instead, there is no change in the way the relationship with the parents is

perceived as compared to the healthy twin, under a wide variety of common activities, ranging

from playing with them to having dinner together; this is consistent with our previous result that

we find evidence of no change in the time the parent spends tutoring the child.

7 Conclusions

In this paper we have studied how early health shocks affect child’s human capital formation. We

have first formulated a theoretical model to understand how early health shocks affect child out-

comes through parental responses. We have then nested a dynamic model of human capability

formation into a standard intrahousehold resource allocation framework. By allowing multidimen-

sionality of child endowments, we have allowed parents to compensate and reinforce along different

dimensions. We have then tested our main empirical predictions using a large-scale Chinese child
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twins survey, which contains detailed information on child- and parent-specific expenditures. We

have differentiated between investment in money and investment in time. On the one hand, we have

found evidence of compensating investment in child health but of reinforcing investment in educa-

tion. On the other, we have found no change in the time spent with the child. We have confirmed

that an early health insult negatively affects the child under several different domains, ranging from

later health, to cognition, to personality. We have also showed that early health shocks negatively

affect parental expectations, but do not change the child’s perceptions of parental behavior. This

suggests that the effects of early health shocks mainly operate through the budget constraint, not

through preferences.
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