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Abstract 

This thesis consists of two essays on family behavior and human capital. 

The first essay studies how early health shocks affect the child's human capital 

formation. We first formulate a theoretical model to understand how early health 

shocks affect child outcomes through parental responses. We nest a dynamic model 

of human capability formation into a standard intrahousehold resource allocation 

framework. By introducing the multidimensionality of child endowments, we allow 

parents to compensate and reinforce along different dimensions. We then test our 

main empirical predictions using a Chinese child twins survey, which contains 

detailed information on child- and parent-specific expenditures. We can differentiate 

between investments in money and investments in time. On the one hand, we find 

evidence of compensating investment in child health but of reinforcing investment in 

education. On the other hand, we find no change in the 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, and then to personality. Our 

findings suggest caution in interpreting reduced-form estimates of the effects of 

early-life shocks. In the presence of asymmetric parental responses under different 

dimensions of the child's human capital, they cannot even be unambiguously 

interpreted as upper or lower bounds of the biological effects. 

The second essay empirically estimates the effects of education on two dimensions of 

preference - decision making under risk and uncertainty and decision making 

involving time. We conduct a number of incentivized choice experiments on Chinese 

adult twins to measure preference, and use a within-twin-pair fixed-effects estimator 

to sweep out unobservable family background effects. The estimation results show 

that a higher level of education tends to reduce the degree of risk aversion toward 

moderate prospects, moderate hazards, and longshot prospects. In terms of decision 
t 
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making anomalies under risk and uncertainty, university educated subjects exhibit 

significantly more Allais-type behavior compared to pre-high school subjects, while 

high school educated subjects also exhibit more ambiguity aversion as well as 

familiarity bias relative to pre-high school subjects. For decision making involving 

time, a higher level of education tends to reduce the degree of impatience, hyperbolic 

discounting, dread, and hopefulness. The experimental evidences suggest that people 

with a higher level of education tends to exhibit more "biased” preference in risk 

attitude and less "biased" preference regarding time, 
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摘要 

木論文集收錄了两篇有關家庭行為和人力资本的硏究論文。 

笫一篇文章研究早期健康衝藥對兒童人力資本形成的影響。本文首先從理論上 

模型了早期健康衝搫通過影蓉家鹿資源配置從而影響兒童人力資本形成的作用 

機制。本文將一個動態的人力资本形成模型納入到一個標準的家庭资源配置模 

型。通過引入人力資本的多維性，我們_導出父母在家庭資源配置過程中可能 

在人力资本的不同維度上袖偾和強化早期健康衝搫的影键。然後，本文在中國 

兒m雙胞胎調查资料的®礎上’運用科學的計量方法來檢驗我們的理論預測。 

該調查资料不但包括了詳盡的兒童及其父母的支出資訊，並且能夠區分父母對 

兒章的物質資本投資和時問投資。本文的經驗分析結果表明’：作為對兒童早期 

健康衝攀的回應’ 一方面，父母進行了補偾性的健康投資的同時，進行了強化 

性的教育投资；另一方面，在時間投资方面，父母的投资行為並未表現出明顯 

的差異。另外，本文的研究結果證寅了早期健康衝攀將對兒童的健康、認知能 

力與非認知能力等多個維度產生一系列的負面影響。本文的研究結果表明：應 

該謹慎的解釋早期健康衝攀的簡化估計值。如果父母在家庭資源的配置過程中 

對兒童卑期健康衝攀做出了調整，該簡化估計值不但反應了在早期健康衝搫醫 

學的效應，而且反應了家庭資源配置的效應。更重要的是，在家庭资源配置的 

調整過程中，如果父母在人力资本的不同維度上採取了不同的投资策略，那麼 

簡化估計值甚至不能給出早期健康衝撃效應的上或者下限。 * 

第二篇文章研究教育對偏好的影智。本文集中在兩個維度的偏好：即風險與不 

確定偏好與時問偏好。基於一個中國成年人雙胞胎樣本，本文展開了一系列存 

在现寅獎懲的食驗來度量偏好，並且運用雙胞胎固定效應模型來處理不可觀測 

的家庭之間的異質性問題。本文的估計結果表明：（1)教育降低了風險規避的 

程度；（2)然而，與初中及以下教育水準的接受寅驗者相比，高中教育水準的 

接受寅驗者更多的表現出“阿萊斯”行為、模糊規避與熟悉度偏誤；（3)在時 
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問偏好方而，教育提高了耐心，同時降低了雙曲貼現偏好、害怕偏好與希望偏 

好。本文的寅驗證據表明高教育程度的接受*驗者在風險與不確定性條件下的 

行為更加“偏離”經典的經済學理論，而其時間偏好更加“符合”經典的經濟 

學理論。 
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Essay One 

• 、 \ 

、 -̂  F 一, 

；3arly Health Shocks，Parental Responses, 

and Child Outcomes 

^This essay is largely based on an on-going joint research project with Gabriella Conti, James 
Heckman, and Junsen Zhang. I have been the main contributor to the work so ‘far. 
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1 Introduction 

» 

The literature on the effects of early-life conditions on late-life circumstances is 

burgeoning (Case, Fertig, and Paxson, 2005; Grantham-McGregor, Cheung, Cueto, 

G lew we, Richter, Strupp, and The International Child Development Steering Group, 

2007). This literature has achieved a consensus on the negative effects of an early-

life health insult on both short-run (Ciirrie, Stabile, Manivong, and Roos, 2010) 
A 

and long-run outcomes (Smith, 2009). However, the role played by parental behav-

ior is still not well understood, but its importance is being increasingly recognized 

(Case and Paxson, 2002; Almond and Currie, 2011). The central message of this 

essay is that, in general, in the presence of parental investments, the reduced-form 

estimates of the effects of early-life shocks do not necessarily represent a biological 

effect. Moreover, in case parents make compensating and reinforcing investments 

along different dimensions of human capital, they cannot be even unambiguously 

interpreted as upper or lower bounds of the biological effects. 

These considerations may play a crucial role in developing countries, where na-

tional health insurance, public education, and old-age pension systems are inade-

quate or absent (Glewwe and Miguel, 2007). First, in the absence of public health 

insurance and with a tight budget, a child affected by a health insult may not receive 

appropriate medical treatment, and thus the early shock may have long-lasting con-

sequences. In addition to this, in the absence of a well-functioning public education 

system, the consequences of an early health shock may be exacerbated, and also im-

pair human capital formation. Finally, the absence of an old-age pension system may 

drive parents to base their intrahousehold resource allocation decisions on efficiency 

rather than on equity concerns. In this case, parents are more likely to reinforce 

the harmful effects of an early health insult, by devoting fewer resources to the less 

well-endowed child (Behrman, Rosenzweig, and Taubmaii, 1994). Hence, unpacking 

parental intrahousehold resource allocation responses is crucial to understand how 
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early health shocks affect human capital formation, especially in developing coun-

tries. The role of the family must be taken into account when designing public 

policies to remediate the effects of inequality at birth or in early childhood. 

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 Taubmari (1982). However, since neither the wealth model nor the 

separable earnings-transfer model make unequivocal predictions regarding parental 

investments, whether parents exhibit a reinforcing, compensating, or neutral behav-

ior has ultimately been an empirical question. Indeed, several papers have been 

devoted to testing parental strategies. The literature, nonetheless, has yet to ax:hieve 

a consensus: whereas some studies have found evidence of reinforcing behavior (see, 

e.g., Behrman, Rosenzweig, and Taiibman (1994) and Rosenzweig and Zhcong (2009)), 

others have found empirical support for a compensating strategy (see, e.g., Behrman, 
T 

Pollak, and Taubman (1982) and Pitt, Rosenzweig, and Hassan (1990)).? One com-

mon point to be noted is that these papers usually assume the existence of only 

one dimension under which parents can compensate or reinforce. Moreover, they 

frequently use measures of children's outcomes, such as educational attainment and 

test scores, to infer parental investments. We overcome both limitations in our work. 

Ill this essay, we combine two strands of literature: the recent literature on the 

,long-lasting effects of early-life conditions, and the more consolidated literature on 

intrahousehold allocation of resources. We combine them using a dynamic model of 

human cg^ability formation (Heckman, 2007), which links early endowments to later 
r “ 

outcomes through both self- and cross-productivity effects and parental investment 

. « 

behavior. ‘ By merging the two strands of literature we are able to model the mecha-

nisms -parental reinforcing or compensating responses - through which an early-life 

2 Behrman (1988) finds evidence in support of both hypotheses for rural India depending on 

food availability:, during the lean season when food is scarce, parental allocations are significantly 

pro-son and quite focused on efficiency, whereas there is no gender differential during the surplus 

season, and parental behavior is compensating. 

» 
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health shock affects later-life outcomes along different dimensions. 、 

The key insight of our model is based on the following result: in the presence of 

mnltidiiriensional child endowments whose evolution is governed by a dynamic pro-

duction technology, an early health shock works through a third effect in addition 

to the classical wealth and price effects a' la Becker and Tomes (1976) on parental 

investment'̂  - a reallocation of resources by the parents across health and cognitive 

skills. Since this resource reallocation process is governed by the production tech-

nology, we call it a technological effect: its direction is determined by the degree of 

substitiitability or complementarity between health and cognitive skills, and between 

health (cognitive skills) and investment in health (cognitive skills). In this scenario, 

the within-family differences in investments in children are no longer uniquely de-

termined by parental preferences towards inequality, or the price effect.! Rather， 
I 

these differences reflect a mixture of the price effect and of the technological effect. 

We show that, under plausible assumptions of complementarity between health and 

.cognitive skills, as well as substitutability between health (cognitive skills) and in-

vestment in health (cognitive skills), our theoretical model predicts that parents will 

unambiguously exhibit' a reinforcing investment strategy in cognitive skills, and may 

exhibit a compensating investment strategy in health in response to an early health 

shock, if they do not have preferences for inequality aversion. The intuition is as 

follows: if parents do not avert inequality, they will reallocate resources from the . 
f 

« • 

insulted child to the healthy one, improving investments on both her health and 

• ‘ cognitive skills. However, this does not necessarily imply a reduction in both types 
( -

of investment in the sick child: as a consequence of the complementarity between 

health and cognitive skills as well as the substitutability between health (cognitive 

skills) and investment in health (cognitive skills), parents will unambiguously reduce 

^The wealth effect denotes the reduction in the human capital stock of the family as consequence 
- o f the early health shock. The price effect denotes the change in the relative valuation that the 

parent has of the child in response to an early health shock. 

4The wealth effect is removed by the within-family estimator thai we use. 、 
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the investment in cognitive skills, but may increase the investment in health.。 

Our result has important implications. On the one hand, in the presence of re-

sponsive investments, reduced-form estimates of the effects of early-life shocks cannot 

be interpreted as a purely biological effect On the other hand, if behavioral adjust-

ments in response to shocks can be compensating and/or reinforcing along different 

(iimonsions, wc cannot even unequivocally determine if reduced-form estimates rep-

resent upper- or lower-bounds of the biological effects. In our application, ignoring 

the intrahousehold allocation process leads to an underestimation of the biological 

effect of an early health shock on late-life health, but to an overestimation of its 

effect on cognition and related domains. 

The essay is organized as follow. We derive our theoretical model in Section 2 

and relate it to our econometric specification in Section 3. We describe the Chinese 

Child Twins Survey we use to test our theoretical predictions in Section 4. Finally, 

Section 5 presents the results, and Section 6 concludes. 

2 A Dynamic Model of Early Shocks, Parental 

Responses, and Child Outcomes 
擄 

In this section, we extend the dynamic model of human capability formation devel-

oped in Heckman (2007) to a multiple siblings setting, and nest it into a standard 

model of intrahousehold resource allocation (Becker and Tomes, 1976; Behrman, 

Pollak, and Taubman, 1982). We show that an early health shock can affect child 

outcomes through two channels: a direct channel 一 the production of human capital 

-and an indirect one 一 the process of intrahousehold resource allocation. The latter 

is affected by three factors: the wealth effect, the price effect, and the technological 

^Thc study spiritually closest to ours is Behrman and Lavy (1997). However, they do not 

explicitly model the intrahousehold resource allocation process, which becomes enacted in response 

to the early-life health shock. 
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effect. By introducing multidimensionality of child endowments, we allow parents to 

compensate and reinforce along different dimensions of the child's human capital. 

2.1 The Production Technology 

Wo ai>sume that each family has two children (l = i,f) and that they are twins/) 

There are two peripds of childhood {t = 1,2). Each child has a bidimensional skill 

set: health (//) and other skills. The latter includes both cognitive and noncognitive 

skills, but we refer to them as cognitive skills (C) in the theoretical section for ease 

of notation.7 We denote the endowments and investments in each period as ^ and 

respectively, where l = i, j indexes the child, i = 0,1,2 is the time period (0 

is pre-birth), and k = //, C.^ Following Heckman (2007)，we write the production 

technologies and the investment functions for child i as follows:'̂  
； 

、 略 二 ⑴ 

€ = fiC^Of^oJ^o). (2) 

I!!. = /"(巧，C，•略)， ⑶ 

= fCK，‘C，吟 1), ⑷ 

.‘ 略=/"(略，略，勘， （5) 

略=汽€，吹” IZ), (6) 

• 

®This assumption is dictated by the data we use in our empirical analysis. It would be 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). 

Wc leave this extension to another occasion. 

7ln our empirical analysis, we distinguish between cognitive and noncognitive skills. 

indicates maternal investment (e.g. nutritional intake) during pregnancy. Given that our 

empirical analysis focuses on twins, wc can safely assume that I^Q = IJ Q or /J;q is exogenous across 

twin siblings. In other words, even if the mother can dccidc how much to invest during pregnancy, 

she cannot differentially allocate resources across twin pairs. 

’ ^For simplicity, wc assume no contagion effects between twins throughout the essay. 

* F 
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where e仏 is defined as a negative health shock affecting child i in period 1，i.e., 

~fr < 0. We assume that the early health shock (e⑴ only has a direct effect on her 
i«1 

own health in the first period，"）whereas it affects second-period outcomes through 

two channels: parental investments (3)-(4) and the process of health and cognitive 

capital accumulation Note that in equations (l)-(2) and (5)-(6), we assume 

that children bprn in the same family share the same production technology, whereas 

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 (e{、) operates. First, the total effect on child's i health in the second period 

can be decomposed as follows: 

where the first term is a biological effect (self-productivity as in Heckman (2007)). 

We define the second term as a resource reallocation effect (parents reallocate family 

resources in response to a health shock on child i). Second, the total effect of an 

early health shock to child i (e,仏)on her own cognitive.capacity in the second period 

can also be decomposed into two channels: 

题 - 题 . 矿 兩 . 题 写 ’ ^ ) 

where the first term is once again a biological effect (cross-productivity similar to 

equation (6)), and the second term is an intrahousehold resource reallocation effect. 

I 

lOThe health shock may affect the child's brain development, and then has a direct effect on 
the cognitive skill in the first period. Whether the health shock directly affects the cognitive skills 
during the same period may depend on what kinds of health shocks the child suffered. 

11A child can also be hit by a health shock in the second period. We assume that health shocks 
in the second period are serially uncorrelated with health shocks in the first period； conditional on 
health in the first period. This assumption can be easily relaxed. It is dictated by the information 
we have available in our data. ‘ 
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Finally，an early health shock on child i can also affect child fs (j ^ i) health 

and cognitive skills through the intrahousehold resource reallocation process in both 

cases. Specifically, the cross-effects of child fs health shock on child f s health and 

cognitive skills are as follows: 

题 二 呵 写 • 阿 ’ ⑶ 

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

affccting child i on the twins' health and cognitive capital as follows: 

_ 巡 唤 生 魄 ^ 巡 ⑴ 、 

n 一 座 巡 ⑴ 、 

题 - w r 鄉 [ w r w r w r W i r H . 、 ) 

These equations clearly show the two channels through which early health shocks 
J 

,affect the distribution of health and cognitive capital within families.̂ ^ The first 
> 

terms on the right-hand side of equations {11) and (12) show how an early health 
• • * 

shock affects the health and cognitive capital of child i through self- and cross-

productivity: both terms are always negative by definition. The second terms of 

both equations show how the early health shock operates through the intrahousehold 

resource allocation process. As they are governed by parental preferences, we now 

proceed to model them. 

2.2 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 

i^Our within-twin-pair fixed-effects estimator gives us an estimate of these effects. , 
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a utility function of the following form:̂ '̂  

Up = "pIC，1/(05，略)，略，略)]， (13) 

« 

where c is parental consumption" and 厂2，没is the child quality function {t = 

i、j). Note that both children have the same quality function but may have different 

health and cognitive skills in the second period. The budget constraint is specified 

ai? follows: • 
/ 

where Pc is the price of parental consumption, Y is the parents' total resources, 

the price of investment is normalized to one, and it is independent of the type of 

investment. We denote the total value of the resources allocated to children as 

follows 

i = + + + ‘ (14) 
4 

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

parents derive from children can be separated from parental consumption. Thus, we 

can rewrite the utility function (13) as follows:^" . 
JT 

Up = t M c , " [ V ( ^ , ^ ) ’ V ( ^ , ^ ) ] } ， （15) 

The parental utility function should also include the number of children. However, we omit this 

argument because the implementation of the "One-Child" policy at the time of the data collection 

allows us to assume away issues of endogenous fertility. 

"We assume that children's consumption (excluding investments) is a basic need and that 

parents allocate resources identically across them. Thus, we can ignore this term in the parental 

, utility function. -

We assume no borrowing or saving. Although this assumption can be easily relaxed along the 

lines of Behrman, Pollak, and Taubman (1982), on the one hand it is dictated by the information 

available in our data, and on the other it has empirical plausibility given the structure of the 

banking system in the Yunnan region for the period we consider, as described in Section 4. 

i6We assume that parents provide all investment to children; i.e., there is no public intervention. 

This assumption is plausible in our case, given the absence of public programs in the Yunnan region 

for the period we consider, as described in Section 4. 

i7We implement a test of this separability assumption in Section 5.3. 
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The separability assumption is very convenient because 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: 

" = "1V(^，^)，V^(^，^)1， （16) 

subject to the investment budget constraint (14)严 the production technologies of 

health and cognitive skills (l)-(2) and (5)-(6), and the quality function, 

2.3 Early Health Shocks and Parental Resource Realloca-

tion 

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

parental resource reallocation, we follow Behrman, Pollak, and Taubman (1982) and 

specify parental preferences using a CES utility function^^ 

u 二 略，略(略，略)n*， （17) 

‘ A l t h o u g h we also analyze the effects of the early health shock on parental time investment, for 

simplicity we do not include a time constraint in our theoretical model. We leave this extension to 

another occasion. 

i9We assume that parents have equal concerns for their children. Thus, the weights in the 

child quality function are equal and normalized to one. Graphically, this means that the parental 

welfare function (equation (17)) is symmetrical around the 45° ray from the origin. However, it 

docs not automatically imply that resources are equally distributed across children because they 

may have different endowments or may be differentially affected by shocks, as the current essay 

shows. Note that, although the optimal level of investments will be changed, the analytical results 

of the comparative statics remain qualitatively the same if we assume that parents put different 

weights on the quality of different children. For more discussions on the parental welfare function, 

see Behrman, Pollak, and Taubman (1982). 
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where p < l/2() An excellent feature of the CES representation of the parental utility 

function is that p measures the degree of parental inequality aversion across children. 

When p < 0, parents exhibit inequality aversion and allocate more resources to the 

sick child. However, when 0 < p < 1, parents do not exhibit inequality aversion and 

allocate more resources to the healthy child. Conceptually, the sign of p is determined 

by the tradeoff between efficiency and equality. If the decision of investing in children 

is mainly motivated by efficiency, then 0 < p < 1. Otherwise, the equality motive 

. outweighs the efficiency motive, and p < 0 (Behrman, Pollak, and Taubmaii, 1982). 
F 

In developing countries, efficiency may be the major consideration (at least, in cases 

when resources are constrained), and p would be more likely to be positive. In 

contrast, equality may be the major consideration in developed countries, and thus 

p would be more likely to be negative. 

We then assume the following functional form for the child quality function 

{i-^hjY -

V^(恐，<2)二(恐广(6广， (18) 

where 0 < otHyOic < 1, and an {etc) measures the importance of health (cognition) 

in the quality function. Finally, following Behrman, Pollak, and Taubman (1982) 

and Cunha and Heckman (2008), we assume substitutability between investment in 

health (/二）and the stock of health (6/厂in the health production function (沒f,2)尸 

as well as between investment in cognitive skills and the cognitive stock 

in the cognitive skills production function (0̂ 2)- Thus, we can specify the following 

20/9 is a continuous variable, and it implies that all parents have both efficiency and equality 

considerations unless /? = 1 or p = -00. = 1 means that parents only care about efficiency, 

whereas p = - 0 0 means that parents only care about equality. The latter is the Rawlsian case, in 

which case the parental utility function (16) can be rewritten as U = U [mm(Vi, V )̂]. 

21 This assumption is also consistent with the original formulation in Grossman (1972): //t+i = 

/t + (1 一 (5) //“ where H is the stock of health, I is gross investment, and S is depreciation. 
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‘ functional forms for the production technologies:̂ '̂  

二 （ 仏 广 [ 伪 沒 ① 1”’ (19) 

<2 = (20) 

where 0 < 7 < 1 and 0 < Pe、Pi < 1. The parameter 7 can be interpreted as 

the importance of the first-period cognition (health) in producing health (cognition) 

in the second period, whereas the parameter Po 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,23 we derive the optimal investment 

in the health and cognition of child i as follows:。"* 

la： 二 fwTu-营€， (21) 

JC. 二 蓄 ( 2 2 ) 

where: 

. w =' Pe + + + 0艺1) + 队 (23) 

, ( 2 4 ) . T T i - ~ ^ ~ • •(州 

Let us first consider equation (23). 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 total resources 
r 

t 

22\Ye assume a Cobb-Douglas production technology to simplify the calculations. Our basic 

results are unchanged if we assume a general CES production technology and relax the assump-

tion of substitiitability between Investments and stocks of skills. The results with this alternative 

specification are reported in the appendix. 

23'rhe solution to the parental optimization problem is obtained by maximizing the utility func-

tion (17) subject to the investment budget constraint (equation (14)), the production technologies 

(equations (19)-(20)), and the quality function (equation (18)). 

The formal derivation is reported in the appendix. 
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allocated to children in the first period, weighted by their relative importance in the ’ 

production function (equations (19)-(20)). Note that dW/ddl\ = > 0: a one-unit 

increase in child i's health in the first period increases the full resources by [ie. We 

call this the wealth effect as in Becker and Tomes (1976). The wealth effect is always 

positive. Let us now consider equation (24): tt̂  measures the relative importance 

of child i in the parental utility function.^^ Thus, WiTi measures the share of total 

resources allocated to child i. It is important to note that the sign of diTi/dOf̂ i is 

unambiguously determined by the parental inequality aversion parameter p'}^ when 

p > 0, parents give more weight to efficiency than to equality, so they allocate more 

resource to child i if this child has better health in the first period. Following Becker 

and Tomes (1976), we interpret diTi/dO^i as a "pnce effect”, as an increase in child i's 

health stock changes the child's relative importance or shadow price in the parental 

utility function.27 Let us finally consider the equation for optimal investment in 

health (equation (21)). In this equation, an measures the relative importance of 

health in the child quality function (equation (18)); Pj measures the productivity of Z 

the investment in health (equation (19)); and Pol Pi measures the trade-ofF between 

health in the first period and investments in health in the production technology 

(equation (19)). An analogous interpretation applies to equation (22) for optimal 

investment in cognitive skills. 

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\ 

did： an fdW 丄 dm \ 00 ,外、 

w 二 iUr+̂ î—；^’ （25) 
dl^i ac fdW diTi \ 

M 二 A w , 千 W , ) . (26) 

25Note that UP = W f ; 為 Y + VjiOl^ef^^r-
The mathematical derivation is shown in the appendix. 

27The shadow price here involves not only resources but also utility. 
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Note that, in addition to the wealth effect and the price effect discussed above, 

equation (25) also includes an additional term, {—/3e/Pi)： we call this term the 

technological effect, because it steins directly from the health production technology 

(equation (19)). Due to the substitutability between the health stock in the first 

period and the investment in health (equation (19)), an increase in the health stock 

ill the first period will reduce the amount invested in health. Thus, the technological 

effect is always negative. As noted above, the wealth effect is always positive, whereas 

the sign of the price effect depends on the parental degree of inequality aversion: 

dni/dO仏 is positive if p > 0 (efficiency outweighs equality), whereas it is negative 

if p < 0 (equality outweighs efficiency). 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 parents exhibit 

no inequality aversion, as both the wealth effect and the price effect are positive 

(equation (26)). 

We now investigate the cross-effects of child i's health in the first period on 

investment in health and cognitive skills of child j : 

^ — (27) 

del!, - 卢 山 （ 〜 f , J ’ （） 
哩 _ (28) 
doi!, - “ d ( 】 + d ( ' ) . 

Note that diTj/dd- î has a sign opposite to di^i/dO"^ because TTi+TTj = Hence, the 

price effects on investments in health and cognition are always negative if parents 

exhibit no inequality aversion. Subtracting pairwise the equations (25)-(28), we 

28For example, when efficiency outweighs equality [p > 0), dTri/d9[^i > 0, while dirj/dOl^^ < 0. 

14 



obtain the following:'̂ ^ 

吨 _ ？ ( 2 9 ) 

W i ' W i “ ' ^ [ W i ' W i J / V 

•I拉吨* 一 ac ( dn, \ (3⑴ 
W ^ W 一 M 阿 一 洲 ( 。 （） 

When parents give more weight to efficiency than to equality {p > 0), dlf^^/dOl\ -

is positive, whereas the sign of - d l ; ⑶ i s undetermined 

because it depends on the relative magnitude of the price effect — ，which 

is positive, and the technological effect —(务)，which is negative. 

We now summarize the main predictions of our theoretical model that we will 

test empirically. The first prediction is related to the effect of an early health shock 

affecting child i on the difference in investment in health and cognitive skills across 

twins. It is obtained directly from equations (29) and (30): 

_ [ ^ 广 J ^ — 到 巡 （31、 
[ W W j ' ^ i — L ^ V ^ “ W i J 一 幻 竭 ’ 、 ) 

议一 di拉、，_ r ^ (32) 
[ - ^ r W i j W ^ 一 \M~Wi) \ ( , 

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

shock on the investment in cognitive skills is predicted to be negative (equation (32)). 

However, the sign of the effect on investment in health is ambiguous (equation (31)), 

because it depends on the relative magnitude of the price effect (which is positive) 
« 

类 * • 

and the technological effect (which is negative). The case when p < 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 (29)-(30) into equations 

(11)-(12) and assuming that the productivity of the investment is the same across 

^^Note we assume tt,- = tTj, consistently with the assumption that parents have equal concerns. 

1 
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f d0『2 dO" , d时2 洲 ? 2 、 , . ^ , „ . 
twins I i . e . ^ ^ = ^ ^ and = ^ ^ I, we obtain the following: 

(历5 dQ^l^ _ de^ de^ de^ K _ _ —m、沙 
呵「硬 1 二 w r w 广 W A l i ^ M ' W i ) —AJ 阿，、 ) 

< 2 < 2 — 洲 & ‘ 唤 f ^ _ ^ w l ^ (34、 

W 「 马 = W i ' W i W i l ^ K W ^ ' W J ( ) 

When p > 0, the within-twin-pair fixed-effects estimate of the effect of the early 

health shock on cognitive skills in the second period is predicted to be negative 

(equation (34)). However, the sign of the effect of the early health shock on health 

in the second period is ambiguous (equation (33)), because it depends on the relative 

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

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

Finally, before moving on to the econometric model, we discuss the implica-

tions of our theoretical model and its relationship with the empirical analysis below. 

An ambitious objective is to estimate the dynamic model as we have,laid it out 

and to identify separately the parental preferences from the technology parameters. 

Unfortunately, we are not able to achieve this objective in this essay because our 

data do not contain information on the child's health and cognitive skill stock in 

the first period and Ofi).^^ Thus, we carry out the reduced-form estimation of 

equations (31)-(34) below.'̂ ^ However, although we cannot estimate the entire struc-

tural system, our theoretical model plays a key role in guiding the interpretation 

of our empirical results. First, the model rationalizes that parents can make com-

pensating and reinforcing investments along different dimensions during the same 

time (equations (31)-(32)). This is the key insight we plan to test in the empirical 

part. Second, it lays down the basic framework that can be used to interpret the 

30The data set will be discussed in detail in section 4. The data we use are essentially cross-

sectional, and the early health shock variable is constructed retrospectively. 
One coriBequence of this is that, for example, we will not be able to ascertain if the negative 

health effects of an early health shock are derived from a change in the production technology. 
t 
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within-twin-pair fixed-effects estimates by using the estimates from equations (33)-

(34) as the lower or upper bound of the biological effects.̂ - Because we are able to 

estimate the reduced-form effects of an early health shock on investment in health 

緊 ( 餘 - 箭 ) • 一 and cognitive skills [ 繁 ( 箭 - 錄 ) 叫 from equations • 

(31) and (32), and the signs of ^ (equation (33)) and ^ (equation (34)) are al-

ways positive, we are able to infer whether the reduced-form estimates of — 

肪C 朋C 

(equation (33)) and ^ 一 ^ (equation (34)) are lower or upper bounds of the 

biological effects. Third, the theoretical model provides a framework to interpret the 

differences between the OLS and the within-twin-pair fixed-effects estimates, as we 

will discuss in a later section. Therefore, we will discuss our empirical results in light 

of our theoretical framework in the following sections. 

3 The Econometric Analysis 

In this section, we present the econometric specification we estimate, guided by our 

theoretical model. We first analyze how parents respond to an early health shock, 

by specifying the stochastic version of the parental investment equation as follows: 

/̂ T = a冗•+ + 不 ’ + Xj^rb^ + + /V + (35) 

where K 二 H、C、i and j index the two twin siblings in household T, is the in-

vestment in K during the first period; e" is a health shock in the first period.^ X 

is a vector of child-specific characteristics; Cr is a vector of observed household char-

acteristics affecting parental investment decisions; /lv is the unobservable household 
« 

•4k 

heterogeneity such as reporting heterogeneity which will be discussed later; and ê  

” “ QQH QQH QQC QQH 

:"The biological effects are represented by ^ • ̂  (equation (33)) and ^ • ̂  (equation 

(34)). M “ ‘. ’ 

33 As clarified in Section 4, the health shock, as measured in our data, occurs between the ages 

of 0 and 3, and parental investment refers to the year prior to the survey (the twins are between 6 

and 18 years old, with mean age 11, at the time of the survey; see Table 1). 

17 



‘ i s the disturbance term. To sweep out family-level unobserved heterogeneity, we use 

the following within-twin-pair fixed-effects specification: 

« ' 

I^r ~ I J,r = Y 一 e^^r) + ( 不 ， " 々 , ) 『 + ‘ 一 芒；， (36) 

where af - aj and 艮=b卜 b^ Equation* (36) is the empirical counterpart 

of equations (31)-(32). Our theoretical model shows that the within-twin-pair esti-

mator, in removing the family-level unobserved heterogeneity, also sweeps out the 
* 

wealth effect induced by an early health shock. Thus, when parents give more weight 

.'to efficiency than to equality, i.e., p > 0, our theoretical model unambiguously pre-

dicts a^ to be negative. However, the sign of a灯 remains undetermined because 

it depends on the trade-off between the degree of parental inequality aversion (the 

price effect) and the substitutability between investment in health and the stock of 

health in the first period to produce health in the second period (the technological 

effect). • . 

We then analyze how an early health shock affects later outcomes, using the 

following specification: 
- • • 

R 

eir = yK + 足 , + Crr + Mr + （37) 

where 权[V.is the outcome k for the twin child l {l = i, j)in household r in the second 

pcFiod,^ and all the other terms are defined as in equation (35). The corresponding 

within-twin-pair fixed-effects specification is: ^ 

• eiT-61 = — ej：,) + ( X , . + el 一 e 工 t. (38) 
C 

Equation (38) is the empirical counterpart of equations (33)-(34). Our theoretical 

As clarified in Section 4，the outcomes refer to the year of the survey when the twins are 

between 6 and 18 years old (mean age 11; see Table 1). 
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model predicts the sign of to be unambiguously negative if efficiency outweighs 

equality when parents make investment decisions. However, the sign of 7〃 is unde-

termined, as discussed in Section 2. 

Before proceeding to the data description, we now discuss our identification strat-

egy. On the one hand, although siblings are biologically similar to dizygotic twins, the 

within-twin-pair fixed-effects estimator requires much weaker identification assump-

tions than the within-siblings fixcd-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' out-

comes 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 

Rosenzweig and Wolpin (1988) and the suggestive evidence we provide.̂ ^ 

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

assumption that and are uncorrelated with ef;—ej^” conditional on 

the observables. In other words, our key identification assumption is that, conditional 

on the observed covariates, the early health shock occurs randomly within twin 

pairs. Of course, there is always the possibility that it can reflect unobserved health 

differences. Unfortunately, due to data limitations, we cannot estimate a model that 

also includes individual-level unobserved heterogeneity, but we tiy to address this 

Tabic 1 in the appendix provides suggestive evidence that the fertility decision is significantly 

afTected by the health status of the first child: the occurrence of a health shock in the child at ages 

0-1 has a significantly negative association with the probability that the mother has a second child. 

This table is based on the comparison group of non-twin households in our survey data (see the 

data description section below). Our results are consistent with the findings of Rosenzweig and 

Wolpin (1988), and show the usefulness of adopting the twin-fixed-effects method in the presence 

of the "One-Child" policy. 
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conccrn by controlling for birth weight in all our specifications. Our rationale for 

doing so is that 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; Almond, Chay, and Lee, 2005).'̂ ^ 

4 Data 

4.1 The Chinese Child Twins Survey 

The data we use for this study come from the Chinese Child Twins Survey (CCTS), 

which is the first census-type child twins survey of which we are a w a r e . . " 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 has a total population of about 5 million. 

The CCTS includes a sample of households with twins aged between 6 and 18 

years living in Kunming in 2002. The households were initially identified by the 

USU bailed on the 2000 population census according to whether the children have 

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 verified with a visit to the household. Starting from 2,300 

pairs of potential twins identified in the census, 1,694 households with twins were 

successfully interviewed; among these, 1,300 households had twins on the first birth 

and 394 households had twins on the second b i r t h . A comparison sample of 1,693 

^®Evidcnce and discussion on the randomness of early health shocks within twin pairs are shown 

in a later section. 

See Rosenzweig and Zhang (2009) for a detailed description of tlie CCTS. 

3«The "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 (although tliey are allowed to have two children at most (Family Planning Commission of 

Yunnan Province, 2003)). This is evident in Panel H of Table I, where the proportion of twins 
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households with no twins was also surveyed using the same questionnaire.^^ 

The questionnaire was designed by Junsen Zhang in close consultation with Mark 

Rosonzweig aiici Chinese experts at the National Bureau of Statistics. Based on ex-

isting twins and child questionnaires in the US and elsewhere, the survey covers an 

oxtensive 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 in two parts. The first part is answered jointly 

by the father, mother, and children, and collects information on the household situ-

ation, parents, schooling and health of the children, and parental investments. After 

completing the first part, each parent 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 exploit two features of the Chinese institutional system in our empirical anal-

ysis. First, the existence of the "One-Child" policy serves as a natural experiment to 

eliminate the possibility that the fertility decision will be endogenously affected by 

the health condition of the twin children (this is an issue raised by Rosenzweig and 

Wolpin (1988)). The second feature of the Chinese system that we exploit in our 

empirical analysis is the strict household registration policy known as hukou. The 

hukou system was established in the early 1950s to consolidate socialist governance, 

control population flow, and administer the planned economy. Under this system, 

every person is required to be registered where she is born and to obtain a hukou cer-

tificate: all administrative activities, such as land distribution, issuance of ID cards, 

registration of a child in school, and registration of marriage, are based on the hukou 

born at the second birth is much higher in rural (0.33) than in urban (0.07) areas. In our analysis, 

we include both first-birth (in which case parents are not allowed to have any more children) and 

second-birth twins because the results are qualitatively the same if we exclude the latter sample. 

39To guarantee the comparability of the non-twin group, the fourth household on the right-hand 

side of the same block of the twin household was chosen as the non-twin comparison. If the fourth 

household had no children aged 6-18，then interviewers continued with the fifth, sixth, etc. 
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status.Conveniently, at the time the survey was carried out, the hukou system 

was still very strict in the Kunming district. This allows us to compare rural and 

urban samples without worrying about selectivity concerns arising from migration 

into the richer urban areas. Therefore, we can interpret these results in light of the 

differences in the institutional backgrounds between urban and rural areas (West 

and Zhao, 2000). First, at the time of the survey, the medical insurance system was 

almost absent in rural areas,” whereas medical expenditures on children could be 

partly reimbursed by the government if the parents were affiliated with government 

departments or state-owned enterprises in urban areas (Liu, Rao, Wu, and Gakidou, 

2008). Second, although public education was not free in both urban and rural areas 

at the time of the survey,its quality in urban areas was much higher than that in 

rural areas. Finally, residents in urban areas were covered by the old-age pension 

system (although the amount of money provided by the government may have been 

insufficient to satisfy the basic needs), whereas there was no old-age pension system 

in rural areas at all. We will return to and take all these institutional features into 

(account in the interpretation of our empirical results/^ 

40Until the early 1990s, it was also used to distribute food, cooking oil, and clothing coupons. 

Moreover, it imposed strong restrictions in moving across localities, both in urban and rural areas. 

Although the Chinese government has been gradually reforming it since the mid-1990s, the hukou 

system is still very strict in moat places (Yusuf and Saich, 2008). 

The Chinese government began to promote the New Cooperative Medical System (NCMS) in 

rural areas after 2003. NCMS is a co-pay insurance system financed by the central government, 

local government, and individuals (Brown, de Brauw, and Du, 2009). 

42The tuition fee for compulsory education (six years of primary school and three years of middle 

school) h£ui been exempted in both rural and urban areas only since September 1, 2008. 

addition to urban and rural, we also compare the results between the male and female 

subsamples. The results for the mixed-gender subsamplea are only reported in the appendix because 

the sample size becomes much smaller in this case, as it only includes DZ twin pairs. Note that we 

do not distinguish between MZ and DZ twins in our estimation, given that the criterion to establish 

zigosity in our data is not based on DNA testing but on physical resemblance. Thus, it is subject 

to considerable error, which is likely to be correlated with parental behavior (e.g. parents may 

actually themselves attenuate pre-existing differences among twins). In any case, previous results 

in the literature do not point to the existence of marked differences in analyses based only on the 

MZ or DZ Bubsample, as’ for example, in Black, Devereux, and Salvanes (2007). 
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4.2 The Summary Statistics 

We now describe the main variables that are used in our empirical analysis. The 

summary statistics are reported in Table 1. 

Early Health Shocks Our independent variable of interest (early health shocks, 

) is defined as a dummy variable indicating whether the child suffered from a 

serious disease during ages 0-3.^ Table 1 (Panel A) shows that the prevalence 

rate in our sample is 9%. The most prevalent diseases are serious diarrhoea and 

calcium deficiency, as is the case for children in developing countries (Strauss 

and Thomas, 1998).么Table 2 in the appendix tabulates the distribution of 

serious diseases suffered during ages 0-3. 

We now address some potential concerns regarding the measurement of early 

health shocks as they are based on health histories constructed retrospectively. 

First, retrospective data may suffer from recall error, particularly, parents may 

report that the child who is currently sick was also sick in the past. The fixed-

effects estimator may exacerbate this problem (Strauss and Thomas, 1998)."̂ ' 

There are three reasons why we believe this to be less of a concern in our 

illness, which is used to measure a health shock, can be either an outcome of a shock 

or reflects an individual-specific health endowment which would be a persistent component. If 

we assume that the individual-specific persistent component to be identical across twin siblings 

conditional on observable variables, the within-twin-pair variation in the illness will only reflect the 

part induced by the shocks. Such heterogeneity in health endowment would be removed by the 

within-twin-pair fixed-effects estimator. 

45The complete list also includes asthma, fracture, attention deficit disorder, heart disease, seri-

ous hearing difficulties, whooping cough, stammer, and serious eyesight problems. Unfortunately, 

we cannot distinguish between mental and physical diseases because the former have low prevalence 

in our sample; see Currie and Stabile (2006) for an analysis of the effect of child mental health on 

human capital accumulation. Another interesting extension that we leave to a future occasion is to 

separate the effect of life-threatening shocks. This may well be a circumstance with infinite parental 

inequality aversion. 

46We also defined our main independent variable as the number of serious diseases suffered during 

ages 0-3. The empirical results obtained using this alternative definition are almost identical to the 

ones reported in the essay and are available from the authors upon request. 

47In general, the classical measurement error will bias the fixed-effects estimates towards zero. 

This is not the case in our study, because, as discussed in Section 5, our fixed-effects estimates are 

generally of a bigger magnitude than the corresponding OLS estimates. 
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case: (a) the health history questions are answered together by the father， 

mother, and children (in the first part of the questionnaire); (b) given the 

young age of the twin sample, the recall period is not very long; (c) parents and 

children are also asked to specify the timing and duration of each disease. This 

contextualization has the potential to increase recollection effort and further 

minimize recall error. 

Second, respondents may use different thresholds so that some of the differences 

in the reported illnesses across households may simply reflect differences in 

the standards (Strauss and Thomas, 1998; Smith, 2009). For example, more 

educated households can both keep more accurate medical records and have 

higher standards. This is termed as reporting heterogeneity in the literature 

(Strauss and Thomas, 1998).•访 The problem of reporting heterogeneity may 

also exist in our case. Although the medical and economic environments are 

much better in urban areas than in rural areas as discussed above, Table 1 

shows that the prevalence rate of early health shocks is 10% in urban areas, 

whereas it is only 8% in rural areas. The difference is statistically significant 

indicating that urban families are more likely to report early health shocks 

(rather than children in urban areas being more likely to suffer from them). 

However, these differences are unlikely to exist across twin siblings in the same 

family. Thus, our within-twin-pair fixed-effects estimation strategy will also 

avoid the bias arising from reporting heterogeneity.心 

Parental Investments Our main dependent variables are the measures of the 

parental investments in children in the year before the survey (人、）.Due 

48The reporting heterogeneity can be regarded as a component of /Xr in equation (35). 

Another interesting aspect of the twin design is that it overcomes the usual problem of the 

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. Curiously, Bago d'Uva, van Doorslaer, Lindeboom, and 

O'Donnell (2008) find that reporting heterogeneity does not seem to be a source of distortion for 

the measurement of health disparities in China. 
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to the richness of our data, we are able to differentiate between investment in 

money (i.e., medical, education and clothing expenditures) and investment in 

time (i.e., minutes per day the parents spend tutoring each twin). Medical ex-

penditures include money spent on medical treatments and on the purchase of 

medicine or health products;。" educational expenditures include school tuition 

fees, money spent on the purchase of books and stationery, home tutors, and 

tutoring-class expenses. The summary statistics are shown in Table 1 (Panel 

B). There are several things that should be noted. First, the medical and 

educational expenditures on children constitute a substantial fraction of the 

family income: educational expenditures alone amount to ¥911.58/year, out 

of a per capita family income of ¥3,030/year (Table 1，Panel H),】 Second, 

there are significant differences between rural and urban households: not only 

do urban households spend, on average, twice the amount as rural households 

for all the three types of expenditures, but they also constitute a bigger share 

of the family income. This suggests that rural families may face a much tighter 

budget than families in urban areas. Third, parents in urban areas also spend, 

on average, more time tutoring their children, a statistic which can be partly 

rationalized by their higher level of education compared to that of the par-

ents in rural areas. Finally, it is interesting that we do not find significant 

differences by gender. 

Child Health As measures of child health (没(,2)，we use anthropometric indicators 

(i.e., height, weight, and body mass index (BMI)),^^ general health status, and 

occurrence of visits to the hospital, which are all reported by both parents. 

Grossman (2000) also measures medical care by personal medical expenditures on doctors, 

dentists, hospital care, prescribed and nonprescribed drugs, nonmedical practitioners, and medical 

appliances. 

Unfortunately, our survey does not contain information on family's the total expenditures. 

52The height, weight, and BMI are standardized by age and gender on the basis of US growth 

charts. 
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The summary statistics in Table i (Panel C) show that the height and weight 

of Chinese child twins are about one standard deviation lower than those of 

US children of the same age and gender, with the differences being particularly 

pronounced in rural areas. In contrast, rural children appear less likely to go 

to the hospital than children in urban areas. This fact may be due to the 

higher medical costs or the tighter budgets faced by rural households, rather 

than being a reflection of better health conditions. 

Child Academic and Schooling Performance As measures of academic perfor-

mance [9^2), we use both objective (exam transcripts) and subjective (self-

reported evaluations in comparison with the class norm) measures in two dif-

ferent subjects: Literature and Mathematics/'''̂  Table 1 (Panel D) shows that 

urban children, on average, perform better than rural ones, and that girls per-

form better than boys in Literature. We also analyze several outcomes related 

to schooling performance, both recorded from transcripts (i.e., grade repetition, 

good student awards, and awards in contests) and reported by the parents (i.e., 

whether the parents have been interviewed by the teacher because of the poor 

performance of the child and whether the child is doing minor actions in class). 

Note that children in urban areas and girls in general perform better (Table 1, 

Panel E). 

Child Noncognitive Skills Different from the administrative data commonly used 
V 

in twin-based analysis, our data are also rich in terms of noncognitive measures, 

which are categorical and reported by both parents (Table 1, Panel F). On 

the one hand, it is noted that children in urban areas are more likely to be 

reported by their parents as experiencing greater emotional instability, feeling 

more lonely, or anxious. On the other hand, girls are reported to have a stronger 

Literature and Mathematics are compulsory courses from primary school to high school (from 

age 6 to 18). 
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personality than boys.54 

Parental Labor Supply and Expenditures Finally, we also analyze the effect of 

an early health shock on parental labor supply, measured as days worked per 

month, and on parental expenditures. We sum up the expenditures on several 

goods: cigarettes, alcohol, clothes, and cosmetics. Note that expenditures are 

separately recorded for both the mother and father. Panel G in Table 1 shows 

that both parents work longer hours in rural areas, whereas they have higher 

expenditures in urban areas. 

Control Variables We include a rich set of control variables in all our empirical 

specifications: birth weight, gender, age, birth order,̂ ^ nuipber of siblings, 

mother's age, mother's years of schooling, per capita family income, binary 

indicators for household ownership of a washing machine, refrigerator, cell 

phone, whether the mother has a job in the public sector, and living in a 

rural area (of course, among these variables only birth weight and the gender 

dummy when required are included in the twins fixed-effects specifications). 

The summary statistics are reported in Table 1 (Panel H). 

54We also analyze the effect of an early health shock on the parent-child relationship, both from 

the parents' (educational expectations and quality of the relationship) and the child's perspective 

(openness of the communication and time spent with the parents). As observed in Table 82 in the 

appendix, there are significant differences between the urban and the rural subsamples, that likely 

reflect different parenting styles. On the one hand, parents in urban areas have higher expectations 

regarding the educational achievement of their children. On the other hand, children in urban areas 

report that they spend more time with their parents. 

^^Interestingly, although we do not find any other evidence of gender discrimination, the pro-

portion of males born at second birth (0.23) is significantly higher than that of females (0.16)，and 

we observe that the mothers of female twins are significantly more educated (9.10) than those of 

males (8.70). We interpret this finding as evidence that more educated mothers are less likely to 

practice selective abortion. 
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5 Results 

5.1 Effects of an Early Health Shock on Parental Invest-

ments 

We first present evidence in support of our identifying assumption of the randomness 

of the early health shocks. Table 2 (the first two columns) presents both OLS and 

within-twin-pair FE estimates of the determinants of early health shocks.̂ ^ Clearly, 

both across and within households, the occurrence of an early health shock is unre-

lated to birth weight. 

We now turn to our main estimation results, starting with the effects of an 

early health shock on parental investments. Our main finding is that parents adopt 

a compensatory strategy when deciding how much to invest in health but use a 

reinforcement strategy with respect to investment in education in response to an early 

health shock affecting one of the twin children. The estimates are both statistically 

and economically significant. As shown in Table 2 (column 4), the gap in medical 

expenditures on average increases by ¥305 in favor of the sick twin, but the gap in 

educational expenditures increases by ¥186，on average, in favor of the healthy one. 

To interpret these findings, we refer to our theoretical model. The key point is 

that, in our framework with multidimensional child endowments, the compensating 

or reinforcing nature of investment in health depends on both the price effect and 

^^Table 3 in the appendix presents the full OLS and FE results. It shows that there is a positive 

correlation between the level of education of the mother and the probability of reporting that the 

child has suffered from an early health shock. As discussed above, this reporting bias is swept out 

by the within-twin-pair FE estimator. 

However, why would an early health shock uncorrelated with birth weight differentially affect 

only one of the twins? One plausible explanation is the epigenetic effect: according to the Devel-

opmental Origins of Health and Disease (DOHaD) theory, small variations in prenatal experiences 

may affect the risk of disease in the absence of any effect on birth weight (Godfrey, Gluckman, and 

Hanson, 2010). In our case, what is critical to our identification strategy is the assumption that 

the first manifestation of this latent (or epigenetic) effect occurs with the health shock recorded in 

the data, thereby ruling out any previous parental response. This assumption is supported by the 

fact that, on average, 60% of the early health shocks affect the child within the first year of life and 

are not short-term episodes. 
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the technological effect (equation (31))’ whereas that of investment in education 

is unambiguously determined by the price effect (equation(32)). We first examine 

the effect of an early health shock on educational expenditures. The result of a 

reinforcing investment in education suggests that the price effect of an early health 

shock is negative. This finding implies that efficiency outweighs equality and that p 

is positive in the parental utility f u n c t i o n . W e then examine the effect on health 

expenditures. The result of a compensating investment in health reflects the fact that 

the technological effect (the substitutability between health stock and investment in 

health) dominates the price effect.̂ ^ Therefore, we observe that parents compensate 

and reinforce along different dimensions of the child's human capital at the same 

time. 

These results have important implications. In the presence of parental responses, 

the reduced-form estimates of the effects of an early health shock cannot be purely 

interpreted as "biological" effects. They constitute either an upper or a lower bound 

on the true biological effect depending on whether parents adopt a reinforcing or 

compensatory strategy: this is something that we will not know unless we observe 

parental behavior. These results are also policy relevant. Parental responses should 

be taken into account when designing interventions aimed at remediating disadvan-

tage, as parents can exacerbate or annihilate their effects by reallocating resources 

within the family. Moreover, compared with the within-twin-pair FE estimates, the 

OLS estimates (also reported in Table 2) systematically underestimate (in absolute 

value) the effects of early health shocks on parental investments. 

58Referring to equation (32), the negative estimate in the educational expenditure equation 

implies that 加 , /洲仏 is positive because 洲 加 f f i is negative and that diTj/dO^̂ ^ is opposite to 

the sign of divi/89(^1. The positive din/dGgi implies that p is positive and that efficiency outweighs 

equality when parents make investment decisions. 

59Referring to equation (31)，^ 一 W is positive on the basis of the estimate in 

the educational expenditure equation. Therefore, the positive estimate in the health expenditures 

equation implies that 繁 一 ^ < I t ’ suggesting that the price effect is dominated by 

the technological effect. 
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The richness of our data allows us to investigate the effects of an early health 

shock not only on investment in money but also on investment in time. Interestingly, 

we find that parents spend the same amount of time on both twins,恥 a finding which 

may reflect the fact that parental time is a non-excludable public good within the 

household because the parents usually tutor the twins together/“ 

Finally, we find significant differences across subsamples (Table 3). On the one 

hand, the increase in medical expenditures in favor of the sick twin is not accom-

panied by a corresponding decrease in educational expenditures in rural areas. We 

rationalize this finding in light of the fact that the budget is already very tight in 

rural areas, and thus no changes in educational expenditures are possible. Instegul, 

in urban areas, the extra educational resources allocated in favor of the healthy twin 

have almost the same monetary value as the amount redistributed to pay for the 

medical expenses of the sick twin. On the other hand, we also find significant differ-

ences by gender. The amount of money reallocated for both medical and educational 

expenditures in case of female twins is almost twice the amount allocated in case of 

male twins. 

5.2 Effects of an Early Health Shock on Child Outcomes 

5.2.1 Child Health 

We now examine the effects of an early health shock on child outcomes. We first 

examine its effects on health in Table 4. Overall, we find some evidence of a long-

lasting effect on anthropometric measures. The twin child affected by the early insult 

is evaluated by the parents as being in worse health and is reported to have a greater 

occurrence of hospital visits. We now refer to the predictions of our theoretical model 

. (equation (33)) as a guide to interpret the results. Despite the fact that parents have 

60Note that this question was answered by each twin separately. 

Price (2008) shows that most of the variation in the time spent with the child is driven by 

birth order and maternal employment, which do not vary within twin pairs. 
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allocated more money as medical expenditures to the sick child, the negative effects 
w 

of an early health shock are persistent. This finding implies that the direct medical 

damage (the first term in equation (33)) outweighs the positive intrahousehold re-

source allocation effect (the second term in equation (33)). Moreover, importantly, in 

the presence of compensatory parental responses concerning health expenditures,^^ 

rcduced-form estimates understate (in absolute value) the biological effect. Given 

the difficulties of observing all the relevant inputs, we can only say that what we are 

estimating is a lower bound. 

There are also substantial differences across subsamples (Table 4). An early 

health insult has a consistently negative effect on weight, BMI, and general health 

status but not on the occurrence of hospital visits in the rural sample. In contrast, 

an early health shock increases the occurrence of hospital visits in the urban sample 

and worsens the reported general health status, but it does not have a significantly 

negative effect on the anthropometric measures. We interpret this evidence by spec-

ulating that health shocks may have more long-lasting effects in rural areas where 

a tighter budget may not allow the parents to go to the hospital for the child to 

receive the necessary medical care every time it is required. This result has impor-

tant implications. It suggests that, on the one hand, the negative health effects of an 

early health shock may be partly offset by compensating investments in families with 

adequate resources, as our theoretical model predicts. In other words, remediation 

is possible. On the other hand, the negative effects of an early health shock may 

persist throughout the life-cycle of children born in poor families because of a tight 

budget.似 In the latter case, government subsidies or public health insurance might 

be crucial policy tools for preventing an early health shock from impairing the child's 

62The second term on the right-hand side of equation (33) is positive on the basis of our estimates 

in the health expenditures equation (Table 2). 

63This is consistent with the evidence reported in Condliffe and Link (2008) for the United 

States. Note that, in the richer urban areas, both the level of medical expenditures (Table 1) and 

the money allocated to the sick twin (Table 3) have a larger magnitude than in rural areas. 
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human capital formation. The gender differences are also noteworthy. Whereas an 

early health shock has a negative effect on the anthropometric measures only for 

females, it increases the occurrence of hospital visits only for males. This fimling 

can be interpreted as evidence of greater vulnerability in terms of physical growth 

for females, and of greater susceptibility to disease for males, given that we do not 

find any gender differences in the reallocation of medical expenditures. 

Finally, it is also interesting to compare the FE and the OLS estimates, which 

are reported in Table 4 and in Tables 10-12 in the appendix, respectively. We note 

that, for both the whole sample and the rural sample, OLS estimates underestimate 

the negative effects of an early health shock. However, for the urban sample, they 

overestimate them. To interpret these findings, we need to refer to our theoretical 

model once again. As discussed above, on the one hand, the FE estimator sweeps 

out the cross-household reporting heterogeneity. On the other hand, the effect of 

intrahousehold resource allocation is more important in driving the FE than the 

OLS estimates. Therefore, the difference between the OLS and the FE estimates 

depends on the relative importance of these factors. As our empirical evidence 

shows, to the extent the compensation in health via increased medical expenditures 

is stronger in urban than in rural areas (parents in urban areas allocate, on average, 

¥130 more in medical expenditures to the insulted child than parents in rural areas, 

. a s shown in Table 3), the OLS estimates will be biased downward in the latter but 

upward in the former. The conceptual clarification that our theoretical model allows 

between OLS and FE estimates of the reduced-form effects of an early-life shock on 

late-life outcomes also has important implications in reconciling the contradictory 

empirical results present in the literature: although some studies find that, compared 

with within-family fixed-effects estimates, OLS estimates underestimate the negative 

effects of early-life health conditions, others find evidence of upward bias. 
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5.2.2 Other Child Outcomes 

Wc then examine the effects of an early health shock on educational outcomes，” 

Table 5 shows that the twin affected by an early health insult has poorer academic 

acliieveiiieiit, both perceived and actual. Table 6 shows that an early health insult 

also negatively affccts the twin's schooling performance. Whereas these results come 

as no surprise, the point that we want to stress here is that we find these negative 

effects ill the presence of parental reinforcing behavior (as noted in Section 5.1). 

Hence, reduced-form estimates overstate (in absolute value) the true biological effect. 

Given the difficulties of observing all the relevant inputs, we can only say that what 

we are estimating is an upper b o u n d 

We also uncover a significant gender difference. In the case of female twin pairs, 

the difference in academic achievements between the healthy and sick sisters is c^ly 

perceived, not real. A significant difference also emerges between the rural and 

the urban subsamples. Whereas 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 purely educational performance. 

This is consistent with the evidence reported earlier of a reduction in educational 

expenditures in the urban areas but not in the rural ones. Lastly, Table 7 shows 

that an early health insult consistently and negatively affects the child's personality 

in several different domains, with no significant differences between the rural and 

urban subsamples, but with the girls significantly more affected than the boys， 

"̂̂ In this case, we restrict our analysis to 95% of the sample who is still in school. 

Referring to equation (34), the second term on the right-hand side of this equation is negative 

， based on our estimates in the educational expenditure equation (Table 2). Therefore, the'reduced-

form estimates overstate the true biological effect of an early health shock on the child's academic 

outcomes (the first term on the right-hand side of this equation). 

Finally, in Tables 76-81 in the appendix, we report the results on the effects of an early health 

shock on the relationship between parents and children. From the parental standpoint, parents 

consistently lower their expectations for the expected educational level of,the child affected by 

the shock, and they also report a worsening relationship between them. The only exception to this 

pattern occurs in the rural sample, which can be explained in the context of a more traditional type 

of parent-child relationship, where parents have expectations and children have duties unaffected 
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Before moving on to the last section, we make several observations about the role 

that birth weight plays in our analysis, which appears to be more marginal than the -

pervasive and long-lasting consequences of the early health shock. First, we note that 

l)irth weight has an effect on parental investments (Tables 46-51 in the appendix) 

only in rural areas, where parents allocate more medical expenditures to children 

lighter at birth (Tabic 47 in the appendix). Second, among all outcomes studied 

(Tables 52-81 in the appendix), birth weight has only a strong and negative effect on 
I -

、 
physical growth (the anthropometric indicators; Tables 52-57 in the appendix), one 

of the outcomes for which the early health shock has less of an impact, especially 

for males and in the urban areas. This suggests that, if parents do not respond 

to the difference in birth weight across twins (e.g., because they do not perceive a 

difference), these will work only through the biological channel, and birth weight will 

only be an indicator of physical fitness.『 

5.3 Effects of an Early Health Shock on Parental Labor Sup-
、 

ply and Expenditures 

Lastly, we go beyond the within-twin-pair "estimation framework to understand how 

money is reallocated within households by exploiting the richness of our data to 

investigate the cffccts of an early health shock on parental work and consumption 

by changes in circumstances. From the child standpoint, instead, there is no change in the way 

the relationship with the parents is perceived compared with the healthy twin under a wide variety 

of common activities, ranging from playing to having dinner together. This is consistent with our 

-’ previous result where we find evidence of no change in the time parents spend tutoring the child. 

Note that we can recast our findings in light of the recent literature on gene-environment 

‘ correlation (rGE) and genc^-environinent interactions (GXE), according to which the observed 

phenotypic differences among twin pairs are a function of the complex interplay between genetic 

and environmental factors. Under the interpretation that the early health shock is a manifestation 

of an epigcnetic effect, the differential parental responses pan be considered an instance of gene-

environment correlation (rGE - genes determine the selection into certain environments; in the 

current context, they trigger ccrtain parental responses), whereas the phenotypic differences in 

liealth and other outcomes can be considered an instance of gene-environment interaction {GXE -

parental behavior amplifies or reduces the genetic predisposition). See Conti and Heckman (2010) 

for a proposed application of gene-environment interaction models to twins data. 
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patterns.(、h As these characteristics are invariant within twin pairs, we conduct the 

analysis at the household level. We analyze whether there are differences in parental 

labor supply and expenditures in case only one twin child is affected by the health 

shock compared with the case where none of them is.®̂  The results arc reported 

ill Table 8. We highlight two main findings: in households where one twin child is 

affected by a health shock, the father is significantly less likely to spend money on 

goods for himself, whereas the mother is significantly more likely to work. Moreover, 

wc note that these results are driven by different subsamples: mothers are more 

likely to work longer hours in households located in urban areas and in the presence 

of sons, whereas fathers are less likely to spend money on goods for themselves in 

rural areas and in the presence of daughters. These results can be explained in light 

of the fact that, in families with male twins, expenditures on non-children goods are 

already reduced to a minimum. This is due to the need for parents to save money 

to buy housing and stock wealth to help their sons to attract a mate, given the 

sex ratio imbalance occurring after the implementation of the "One-Child" policy 

as result of the preferences for sons (Wei and Zhang, 2009). We derive two main 

implications from these findings. First, we claim that they provide a direct test of the 

separability assumption between parental consumption and the utility they derive 

from their children. Although this is a standard assumption adopted in the literature, 

it is strongly rejected in our data. Second, they imply that the within-twin-pair FE 

estimates of the effects of an early health shock on parental investments provide 

only a partial picture because they ignore the reallocation process arising through 

parental consumption. As such, the within-twin-pair FE estimates understate the 

overall negative effect of an early health shock at the household level. 

肪See Pitt and Rosenzweig (1990) for an analysis of the effects of child health on intrafamily 

allocation of time. 

We also include the case where both twins are affected by a health shock as a separate category. 
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6 Conclusions 

In this essay, we have studied how early health shocks affect human capital forma-

tion. We have first formulated a theoretical model to understand how early health 

shocks affect child outcomes through parental responses. We have nested a dynamic 

model of human capability formation into a standard intrahousehold resource al-

location framework. By introducing multidimensionality of child endowments, we 

have allowed parents to compensate and reinforce along different dimensions. We 

have then tested our main empirical predictions using the CCTS, which contains 

detailed information on child- and parent-specific expenditures. We have differenti-

ated between investments in money and investments in time. On the one hand, we 

have found evidence of compensating investment in child health but of reinforcing 

investment in education. On the other hand, we Ifave 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, in presence of adequate resources, partial 

remediation may be possible, at least with respect to the child's physical growth. 

Our findings emphasize the importance of accoui^ting for behavioral responses to 

early health shocks: parental responses should be taken into account when design-

ing interventions to remediate disadvantage, as parents can exacerbate or annihilate 

their effccts by reallocating resources within the family. They also suggest caution 

in interpreting reduced-form estimates as purely biological effects. In the presence 

of asymmetric parental responses under different dimensions of the child's human 

capital, reduced-form estimates cannot even be unequivocally interpreted as either 

lower- or upper-bounds of the biological effects. 

36 



f 

f 
> 

References 

ALMOND, D . , K . Y . CHAY, AND D . S. LEE (2005): "The Costs of Low Birth 

Weight," Quarterly Journal of Economics, 120(3)，1031-1083. 

ALMOND, D . ’ AND J . CURRIE (2011): - "Human capital development before age 

five," Handbook of Labor Economics, 4B, 1315-1486. 

BAGO D'UVA, T.，E. VAN DOORSLAER, M . LINDEBOOM, AND O . O 'DONNELL 

(2008): "Does reporting heterogeneity bias the measurement of health dispari-

ties?," Health Economics, 17, 351-375. 

BECKER, G . ， A N D N . TOMES (1976): "Child endowments and the quantity and 

quality of children’” The Journal of Political Economy, 84(4)，143-162. 

BEHRMAN, J. (1988): "Intrahousehold allocation of nutrients in rural India: Are 

boys favored? Do parents exhibit inequality aversion?," Oxford Economic Papers, 

40(1)，32-54. 

BEHRMAN, J . ， A N D V . L A W (1997): "Child health and schooling achievement: 

association, causality and household allocations," CARESS Working Papres. 

BEHRMAN, J., R. POLLAK, AND P. TAUBMAN (1982): "Parental preferences and 

provision for progeny," The Journal of Political Economy, 90(1), 52-73. 

BEHRMAN, J., AND M . ROSENZWEIG (2004): "Returns to birthweight," Review of 

Economics and Statistics, 86(2), 586-601. 

BEHRMAN, J., M. ROSENZWEIG, AND P. TAUBMAN (1994): “Endowments and 

the allocation of schooling in the family and in the marriage market: the twins 

experiment," The Journal of Political Economy, 102(6), 1131—1174. 

37 



BLACK, S .， P . DEVEREUX, AND K . SALVANES (2007)： "Prom the Cradle to the 

Labor Market? The Effect of Birth Weight on Adult Outcomes*," The Quarterly 

Journal of Economics, 122(1), 409-439. 

BROWN, P., A. DE BRAUW, AND Y . DU (2009): "Understanding Variation in the 

Design of China's New Co-operative Medical System," The China Quarterly, 198， 

304-329. 

CASE, A., A. FERTIG, AND C . PAXSON (2005): "The Lasting Impact of Childhood 

Health and Circumstance," Journal of Health Economics, 24(2), 365-389. 

CASE, A . ’ AND C . PAXSON (2002): "Parental Behavior And Child Health," Health 

Affairs, 21(2)，164-178. 

CONDLlFFE, S.’ AND C. LiNK (2008): "The relationship between economic status 

and child health: Evidence from the United States," The American Economic 

Review, 98(4), 1605-1618. 

C O N T I ， G . , AND J . HECKMAN (2010): "Understanding the Early Origins of the 

Education-Health Gradient: A Framework That Can Also Be Applied to Analyze 

Gene-Environment Interactions," Perspectives on Psychological Science, 5，585-

605. 

CUNHA, F .，A N D J. HECKMAN (2008): "Formulating, identifying and estimating 

the technology of cognitive and noncognitive skill formation," Journal of Human 

Resources, 43(4), 738-782. 

CURRIE, J . , AND M . STABILE (2006): "Child mental health and human capital 

accumulation: the case of ADHD," Journal of Health Economics, 25(6), 1094-

1118. 

N 

38 



CuRR iE , J., M . STABILE, P. MANIVONG, AND L. ROOS (2010)： "Child Health 气 

and Young Adult Outcomes，” Journal of Human Resources, 45(3), 517. 

FAMILY PLANNING COMMISSION OF YUNNAN PROVINCE (2003)： "Regulations on 

Population and Family Planning in Yunnan Province," China Population Press. 

GLEWWE, P . , AND E . MIGUEL (2007): "The impact of child health and nutrition 

on education in less developed countries," Handbook of development economics, 4， 

3561-3606. 

GODFREY, K . ， P . GLUCKMAN, AND M , HANSON (2010): "Developmental origins 

of metabolic disease: life course and intergenerational perspectives," Trends in 

Endocrinology and Metabolism. 

GRANTHAM-MCGREGOR, S . , Y . B . CHEUNG, S. CUETO, P . GLEWWE, 

L . RICHTER, B . STRUPP, AND THE INTERNATIONAL CHILD DEVELOPMENT 

STEERING GROUP (2007): "Developmental Potential in the First 5 Years for Chil-

dren in Developing Countries," The Lancet, 369, 60-70, Series, Child development 

in developing countries. 

GROSSMAN, M . (1972): "On the Concept of Health Capital and the Demand for 

Health," Journal of Political Economy, 80(2), 223-255. 

(2000): "The Human Capital Model," in Handbook of Health Economics, 

od. by A. J. Culyer, and J. P. Newhouse, vol. 1, pp. 347-408. Elsevier, Amsterdam. 

HECKMAN, J . J . (2007): “The Economics, Technology and Neuroscience of Human 

Capability Formation," Proceedings of the National Academy of Sciences’ 104(3), 

13250-13255. 

LIU, Y . ’ K . RAO, J. Wu, AND E . GAKIDOU (2008): "China's health system 

performance；' The Lancet, 372(9653), 1914-1923, 

39 



PITT, M . ， A N D M . ROSENZWEIG (1990): "Estimating the Intrahousehold Incidence 

of Illness: Child Health and Gender-Inequality in the Allocation of Time," Inter-

national Economic Review、31, 969-989. 

PITT, M . ， M . ROSENZWEIG, AND M . HASSAN (1990): "Productivity, health, and 

inequality in the intrahousehold distribution of food in low-income countries," The 

American Economic Review, 80(5), 1139-1156. 

PRICE, J. (2008): "Parent-Child Quality Time: Does Birth Order Matter?," Journal 

of Human Resources, 43(1), 26. 

ROSENZWEIG, M . , AND K . WOLPIN (1988)： "Heterogeneity, intrafamily distribu-

tion, and child health," The Journal of Human Resources、23(4), 437-461. 

ROSENZWEIG, M . ’ AND J. ZHANG (2009): "Do Population Control Policies Induce 

More Human Capital Investment? Twins, Birth Weight and China's One-Child 

Policy," Review of Economic Studies, 76(3)，1149-1174. 

SMITH, J. (2009): "The impact of childhood health on adult labor market out-

comes," The Review of Economics and Statistics、91(3), 478-489. 

STRAUSS, J. , AND D . THOMAS (1998): "Health, nutrition, and economic develop-

ment," Journal of Economic Literature, 36(2), 766-817. 

TODD, P., AND K . WOLPIN (2007): "The production of cognitive achievement in 

children: Home, school, and racial test score gaps," Journal of Human capital, 

1(1), 91-136. 

W E I , S . ’ AND X . ZHANG (2009): "The competitive saving motive: evidence from 

rising sex ratios and savings rates in China," NBER working paper. 

WEST, L . ， A N D Y . ZHAO (2000): Rural labor flows in China. Univ of California 

Inst of East. 

40 



YUSUF, S .， A N D T . SAICII (2008): China urbanizes: consequences, strategies, and 

policies. World Bank Publications. 

41 



T
a
b
le

 1
: 

S
u
m

m
a
ry

 
S
ta

ti
s
ti

c
s
 

fo
 

W
h
o
le

 
R

u
ra

l 
U

rb
a
n
 

D
if

fe
re

n
c
e
 

M
a
le

 
F

e
m

a
le

 
D

if
fe

re
n
c
e
 

M
a
in

 I
n
d
e
p
e
n
d
e
n
t 

V
a
ri

a
b
le

s
 

E
a
rl

y
 h

e
a
lt

h
 s

h
o
c
k
s
 
(d

u
m

in
y
) 

B
ir

th
 w

e
ig

h
t 

(k
g
) 

B
ir

th
 w

e
ig

h
t:

 
<

2
 
(d

u
m

m
y
) 

B
ir

th
 w

e
ig

h
t:

 
2
-
2
.5

 (
d
u
m

m
y
) 

B
ir

th
 w

e
ig

h
t:

 
2
.5

-
3
 (

d
u
m

m
y
) 

B
ir

th
 w

e
ig

h
t:

 
3-

 (
d
u
m

m
y
) 

0
.0

9
 

0
.0

8
 

0
.1

0
 

-
0
.0

2
**

 
0
.1

1
 

0
.0

7
 

0
.0

4
**

* 

2
.4

6
 

2
.4

8
 

2
.4

3
 

0
.0

4
**

* 
2
.5

0
 

2
.3

7
 

0
.1

3
 
…

 

0
.1

3
 

0
.1

1
 

0
.1

4
 

-
0
.0

3
**

 
0
.1

0
 

0
.1

8
 

-
0
.0

8
**

* 

0
.3

6
 

0
.3

5
 

0
.3

7
 

-
0
.0

2
 

0
.3

5
 

0
.3

8
 

-
0
.0

3
 

0
.3

8
 

0
.3

8
 

0
.3

7
 

0
.0

1
 

0
.3

9
 

0
.3

4
 

0
.0

6
**

* 

0
.1

4
 

0
.1

6
 

0
.1

2
 

0
.0

3
**

* 
0
.1

6
 

0
.1

0
 

0
.0

5
**

* 

B
. 

In
v
e
s
tm

e
n
ts

 

M
e
d
ic

a
l 

e
x
p
e
n
d
it
u
re

s
 
(¥

/y
e
a
r)

 

E
d
u
c
a
ti

o
n
 e

x
p
e
n
d
it
u
re

s
 
(¥

/y
e
a
r)

 

C
lo

th
in

g
 e

x
p
e
n
d
it
u
re

s
 
(¥

/y
e
a
r)

 

P
a
re

n
ts

 h
o
m

e
 t

u
to

r 
(m

in
u
te

s
/d

a
y
) 

C
. 

H
e

a
lt

h
 

H
e
ig

h
t 

(c
m

) 

W
e
ig

h
t 

(k
g
) 

B
M

I 

H
e
ig

h
t-

fo
r-

ag
e
 z

-
sc

o
re

 

W
e
ig

h
t-

fo
r-

ag
e
 2

-
sc

o
re

 

B
M

I-
fo

r-
ag

e
 z

-
sc

o
re

 

S
e
lf
 r

e
p
o
rt

e
d
 g

e
n
e
ra

l 
h
e
a
lt

h
 s

ta
tu

s
 (

G
H

S
) 

(1
: 

w
o
rs

t;
 

H
o
s
p
it
a
l 

v
is

it
s
 (

d
u
m

m
y
) 

b
e
s
t)

 

2
2
5
.7

6
 

1
5
0
.1

6
 

3
1
0
.6

9
 

-
1
6
0
.5

3
**

* 
2
3
8
.3

2
 

2
5
4
.7

0
 

-
1
6
.3

8
 

9
1
1
.5

8
 

6
3
0
.4

1
 

1
2
2
7
.5

0
 

-
5
9
7
.0

9
**

* 
9
0
9
.4

4
 

9
8
1
.1

1
 

-
7
1
.6

7
 

2
4
1
.9

5
 

1
7
3
.2

4
 

3
1
9
.1

6
 

-
1
4
5
.9

2
**

* 
2
4
2
.8

4
 

2
5
9
.2

7
 

-
1
6
.4

3
 

1
9
.3

7
 

1
4
.9

3
 

2
4
.3

0
 

-
9
.3

6
**

* 
2
0
.5

2
 

1
9
.4

1
 

1
.1

2
 

1
3
7
.3

5
 

1
3
3
.3

7
 

1
4
1
.8

3
 

-
8
.4

6
**

* 
1
3
7
.7

4
 

1
3
6
.8

4
 

0
.9

0
 

3
3
.6

0
 

3
2
.0

7
 

3
5
.3

0
 

-
3
.2

3
**

* 
3
4
.2

6
 

3
2
.8

7
 

1
.3

9
**

* 

1
7
.3

8
 

1
7
.6

6
 

1
7
.0

8
 

0
.5

8
**

* 
1
7
.5

7
 

1
7
.2

0
 

0
.3

7
**

* 

-
1
.0

5
 

-
1
.4

7
 

-
0
.5

9
 

-
0
.8

8
**

* 
-
1
.0

7
 

-
1
.0

1
 

-
0
.0

6
 

-
0
.8

7
 

-
1
.0

3
 

-
0
.6

9
 

-
0
.3

4
**

* 
-
0
.7

9
 

-
0
.9

2
 

0
.1

3
**

* 

-
0
.3

1
 

-
0
.1

5
 

-
0
.5

0
 

0
.3

5
**

* 
-
0
.1

9
 

-
0
.4

3
 

0
.2

4
**

* 

2
.9

2
 

2
.9

1
 

2
.9

3
 

-
0
.0

2
 

2
.9

1
 

2
.9

4
 

-
0
.0

2
 

0
.3

3
 

0
.3

0
 

0
.3

6
 

-
0
.0

6
**

* 
0
.3

3
 

0
.3

4
 

-
0
.0

1
 

R
e
la

ti
v
e
 m

e
as

u
r*

 Bs
 [
1:

 l
o
w

e
st

;  
5：

 
h
ig

h
e
s
t 

o
n
e
-
fi
ft
h
 i

n
 c

la
ss

 

L
it
e
ra

tu
re

 

M
a
th

e
m

a
ti

c
s
 

3
.5

3
 

3
.4

8
 

3
.4

7
 

3
.4

5
 

3
.6

1
 

3
.5

1
 

-
0
.1

4
**

* 

-
0
.0

6
* 

3
.4

4
 

3
.4

8
 

3
.6

5
 

3
.5

1
 

-
0
.2

1
**

* 

-
0
.0

3
 

M
a
rk

s
 丨

 1
-
10

01
 

L
it
e
ra

tu
re

 

M
a
th

e
m

a
ti

c
s
 

8
1
.9

5
 

8
0
.8

9
 

7
8
.8

9
 

7
8
.5

4
 

8
5
.3

0
 

8
3
.4

8
 

-
6
.4

1
**

* 
8
1
.1

8
 

8
1
.4

6
 

8
3
.5

9
 

8
1
.3

9
 

0
.0

7
 

T
h
e
 v

a
ri

a
b
le

s
 i

n
 P

a
n
e
l 

A
, 

th
e
 e

x
p
e
n
d
it
u
re

s
 i

n
 P

a
n
e
l 

B
 a

n
d
 t

h
e
 h

e
a
lt

h
 m

e
as

u
re

s
 i

n
 P

a
n
e
l 

C
 a

re
 r

e
p
o
rt

e
d
 b

y
 b

o
th

 p
a
re

n
ts

; 
th

e
 a

m
o
u
n
t 

o
f 

ti
m

e
 t

h
e
 p

a
re

n
ts

 s
p
e
n
d
 t

u
to

ri
n
g
 t

h
e
 c

h
il
d
 i

n
 P

a
n
e
l 

B
 a

n
d
 t

h
e
 r

e
la

ti
v
e
 m

e
as

u
re

s
 o

f 
a
c
a
d
e
m

ic
 p

e
rf

o
rm

a
n
c
e
 i

n
 P

a
n
e
l 

D
 a

re
 r

e
p
o
rt

e
d
 b

y
 e

ac
h
 

tw
in

; 
th

e
 m

a
rk

s
 i
n
 P

a
n
e
l 

D
 a

re
 r

e
c
o
rd

e
d
 f

ro
m

 e
x
a
m

in
a
ti
o
n
 t

ra
n
s
c
ri

p
ts

 i
n
 t

h
e
 t

e
rm

 b
e
fo

re
 t

h
e
 s

u
rv

e
y
. 

T
h
e
 "

D
if
fe

re
n
c
e
" 

c
o
lu

n
m

s
 r

e
p
o
rt

 t
h
e
 

re
su

lt
s
 o

f 
th

e
 t

-
te

st
 f

o
r 

th
e
 d

if
fe

re
n
c
e
 i

n
 t

h
e
 m

e
a
n
s
 i
n
 t

h
e
 t

w
o
 p

re
v
io

u
s
 c

o
lu

m
n
s
, 

* 
S
ig

n
if
ic

a
n
t 

a
t 

1
0
%

; 
*
* 

si
g
n
if
ic

a
n
t 

a
t 

5
%

; 
*
*
* 

si
g
n
if
ic

a
n
t 

a
t 

1
%

. 



T
a
b
le

 1
: 

S
u
m

m
a
ry

 
S
ta

ti
s
ti

c
s
 
(c

td
.)

 

W
h

o
le

 
R

u
r
a

l 
U

r
b

a
n
 

D
if

fe
re

n
c
e
 

M
a
le

 
F

e
m

a
le

 
D

if
fe

re
n
c
e
 

E
. 

S
c
h
o
o
li

n
g
 

p
e
r
fo

r
m

a
n
c
e
 

G
o
o
d
 S

tu
d
e
n
t 

A
w

a
rd

s
 
(d

u
m

m
y
) 

0
.2

4
 

0
.1

8
 

0
.3

1
 

-
0
.1

3
*
" 

0
.2

1
 

0
.2

9
 

A
w

a
rd

s
 i

n
 c

o
n
te

s
ts

 (
d
u
m

m
y
) 

0
.0

7
 

0
.0

3
 

0
.1

1
 

-
0
.0

9
**

* 
0
.0

7
 

0
.0

8
 

-
0
.0

1
 

G
ra

d
e
 r

e
p
e
ti

ti
o
n
 f

o
r 

p
o
o
r 

p
e
rf

o
rm

a
n
c
e
 
(d

u
m

m
y
) 

0
.0

4
 

0
.0

6
 

0
.0

3
 

0
.0

2
*
*
* 

0
.0

5
 

0
.0

4
 

0
.0

1
 

P
a
re

n
ts

 i
n
te

rv
ie

w
e
d
 f

o
r 

p
o
o
r 

p
e
rf

o
rm

a
n
c
e
 
(d

u
m

m
y
) 

0
.1

3
 

0
.0

8
 

0
.1

8
 

-
0
.1

0
**

* 
0
.1

8
 

0
.0

8
 

0
.1

0
*
*
* 

C
h
il
d
 d

o
in

g
 m

in
o
r 

a
c
ti
o
n
s
 i

n
 c

la
ss

 
1
.7

3
 

1
.7

6
 

1
.7

0
 

0
.0

6
**

 
1
.8

9
 

1
.5

9
 

0
.3

0
**

* 

m
e
a
s
u
re

d
 a

s
 1

: 
n
e
v
e
r;

 2
: 

s
e
ld

o
m

; 
3：

 
s
o
m

e
ti
m

e
s
; 

4
: 

a
lw

a
y
s
 

F
. 

N
o
n
c
o
g
n
it

iv
e
 s

k
il
ls

 

M
e
a
s
u
re

d
 a

s
 1

: 
d
is

a
g
re

e
; 

2
: 

a
g
re

e
; 

3
: 

s
tr

o
n
g
ly

 a
g
re

e
 

A
lw

a
y
s
 f

e
e
l 
lo

n
e
ly

 

A
lw

a
y
s
 f

e
e
l 
a
n
x
io

u
s
 o

r 
fr

e
tM

 

E
a
s
il
y
 d

is
tr

a
c
te

d
 

H
 

A
lw

a
y
s
 c

ar
e
le

ss
 

E
a
s
il
y
 f

ri
g
h
te

n
e
d
 

E
m

o
ti

o
n
a
ll
y
 
in

s
ta

b
le

 

1
.2

0
 

1
.1

7
 

1
.2

3
 

-
0
.0

5
**

* 
1
.2

0
 

1
.2

1
 

-
0
.0

1
 

1
.2

8
 

1
.2

6
 

1
.3

1
 

-
0
.0

6
**

* 
1
.3

8
 

1
.2

3
 

0
.1

5
**

* 

1
.5

9
 

1
.5

2
 

1
.6

6
 

-
0
.1

4
**

* 
1
.6

6
 

1
.5

5
 

o
.n

…
 

1
.9

4
 

1
.9

6
 

1
.9

1
 

0
.0

5
**

 
2
.0

1
 

1
.9

1
 

0
.1

0
**

* 

1
.3

6
 

1
.3

6
 

1
.3

7
 

0
.0

0
 

1
.3

4
 

1
.4

3
 

-
0
.0

9
**

* 

1
.1

2
 

1
.0

6
 

1
.1

8
 

-
0
.1

2
**

* 
1
.1

3
 

1
.1

4
 

-
0
.0

1
 

T
h
e
 f

ir
s
t 

th
re

e
 m

e
a
su

re
s
 o

f 
s
c
h
o
o
li
n
g
 p

e
rf

o
rm

a
n
c
e
 i

n
 P

a
n
e
l 

E
 a

re
 r

e
c
o
rd

e
d
 f

ro
m

 t
h
e
 o

ff
ic

ia
l 

tr
a
^
c
ri

p
ts

; 
th

e
 l
a
st

 t
w

o
 m

e
a
su

re
s
 i

n
 t

h
e
 s

a
m

e
 

P
a
n
e
l,
 a

n
d
 a

ll
 t

h
e
 n

o
n
c
o
g
n
it
iv

e
 s

k
il
ls

 m
e
a
su

re
s
 i

n
 P

a
n
e
l 

F
 
a
re

 r
e
p
o
rt

e
d
 
b
y
 p

a
re

n
ts

. 
T

h
e
 
"D

if
fe

re
n
c
e
" 

c
o
lu

m
n
s
 r

e
p
o
rt

 
th

e
 r

e
su

lt
s
 o

f 
th

e
 

U
te

s
t 

fo
r 

th
e
 d

if
fe

re
n
c
e
 i

n
 t

h
e
 m

e
a
n
s
 i

n
 t

h
e
 t

w
o
 p

re
v
io

u
s
 c

o
lu

m
n
s
. 

* 
S
ig

n
if
ic

a
n
t 

a
t 

1
0
%

; 
*
* 

s
ig

n
if
ic

a
n
t 

a
t 

5
%

; 
*
*
* 

s
ig

n
if
ic

a
n
t 

a
t 

1
%

. 



T
a
b
le

 1
: 

S
u
m

m
a
ry

 
S
ta

ti
s
ti

c
s
 
(c

td
.)

 

W
h
o
le

 
R

u
r
a
l 

U
rb

a
n
 

D
if

fe
re

n
c
e
 

M
a
le

 
F
e
m

a
le

 
D

if
fe

re
n
c
e
 

G
. 

P
a
re

n
ta

l 
L

a
b
o
r 

S
u
p
p
ly

 
a
n
d
 
E

x
p
e
n
d
it

u
re

s
 

F
a
th

e
r 

L
a
b
o
r 

s
u
p
p
ly

 
(d

a
y
s
/m

o
n
th

) 

E
x
p
e
n
d
it

u
re

s
 (

¥
/p

a
s
t 

6
 m

o
n
th

s
) 

2
5
.5

0
 

7
0
0
,3

8
 

26
.1

8 
5
3
6
.5

8
 

2
4
.6

5
 

8
8
6
.5

5
 

1
.5

3
**

* 

-
3
4
9
.9

7
**

* 

2
5
.8

7
 

68
6.

88
 

2
4
.9

6
 

7
2
5
.6

2
 

M
o
th

e
r 

L
a
b
o
r 

s
u
p
p
ly

 
(d

a
y
s
/m

o
n
th

) 

E
x
p
e
n
d
it

u
re

s
 (

¥
/p

a
s
t 

6
 m

o
n
th

s
) 

H
. 

C
o
n
tr

o
l 

v
a
ri

a
b
le

s
 

A
g
e
 

B
ir

th
 o

rd
e
r 

(1
: 

b
o
rn

 a
t 

th
e
 s

e
c
o
n
d
 b

ir
th

; 
0
: 

b
o
ra

 a
t 

th
e
 f

ir
s
t 

b
ir

th
) 

#
 

s
ib

li
n
g
s
 

M
o
th

e
r'

s
 a

g
e
 

M
o
th

e
r’

s
 s

c
h
o
o
li
n
g
 y

e
ar

s
 

P
e
r 

c
a
p
it

a
l 

fa
m

il
y
 i

n
c
o
m

e
 (

¥
l,
0
0
0
/y

e
a
r 

2
0
0
2
) 

O
w

n
 w

a
s
h
in

g
 m

a
c
h
in

e
 
(d

u
m

m
y
) 

O
w

n
 r

e
fr

ig
e
ra

to
r 

(d
u
m

m
y
) 

O
w

n
 c

e
ll
 p

h
o
n
e
 
(d

u
m

m
y
) 

M
o
th

e
r'

s
 o

c
c
u
p
a
ti

o
n
 (

d
u
m

m
y
：

 1
=
 P

u
b
li
c
 s

e
c
to

r)
 

R
u
ra

l 
in

d
ic

a
to

r 

2
5
.3

2
 

2
8
3
.9

3
 

2
6
.0

3
 

1
6
9
.6

6
 

2
4
.3

4
 

4
1
2
.3

3
 

1
.6

9
 
…

 

-
2
4
2
.6

7
**

* 

2
5
.4

0
 

2
6
1
.8

3
 

2
4
.9

4
 

3
4
8
.2

2
 

1
1
.1

9
 

0
.2

0
 

2
.2

4
 

3
6
.8

4
 

8
.6

7
 

3
.0

3
 

0
.6

5
 

0
.3

8
 

0
.3

6
 

0
.0

8
 

0
.5

3
 

#
 

O
b
s
e
rv

a
ti
o
n
s
 

#
 
P
a
ir

s
 o

f 
tw

in
s
 

2
9
2
2
 

1
4
6
1
 

1
0
.9

7
 

0
.3

3
 

2
.3

9
 

3
6
.4

9
 

7
.3

8
 

2
.4

6
 

0
.4

7
 

0
.1

4
 

0
.1

9
 

0.
02

 
1.

00
 

1
1
.4

3
 

0
.0

7
 

2.
08

 
3
7
.2

4
 

1
0
.1

1
 

3
.6

8
 

0
.8

5
 

0
.6

5
 

0
.5

6
 

0
.1

5
 

0.
00

 

-
0
.4

6
 
…

 

0
.2

6
**

* 
0
.3

0
*
*
* 

-
0
.7

5
**

* 

-
2
.7

3
 
…

 

-1
.2

2 
…

 
-
0
.3

8
 

…
 

-
0
.5

1
**

* 

-
0
.3

7
 
…

 

-
0
.1

3
 
…

 

0.
00
. 

1
3
2
6
 

68
8 

1
5
4
6
 

7
7
3
 

1
1
.1

5
 

0
.2

3
 

2
.2

6
 

3
6
.5

5
 

8
.7

0
 

3
.1

0
 

0.
66

 
0
.3

9
 

0
.3

8
 

0
.0

9
 

0
.5

2
 

1
1
.1

9
 

0.
16

 
2.

21
 

3
6
.5

3
 

9
.1

0
 

3
.0

4
 

0
.6

9
 

0
.4

1
 

0
.3

8
 

0
.1

0
 

0
.5

0
 

1
0
8
2
 

5
4
1
 

1
1
2
0
 

5
6
0
 

0
.9

1
**

* 

-
3
8
.7

4
 
…

 

0
.4

6
**

 

-
8
6
.3

9
**

* 

-
0
.0

5
 

0.
06

 
…

 
0
.0

4
**

 

0.
01

 
-
0
.4

0
 
…

 

0
.0

5
 

-
0
.0

3
 

-
0
.0

2
 

0.
00

 
-
0
.0

1
 

0
.0

1
 

T
h
e
 v

a
ri

a
b
le

s
 i

n
 P

a
n
e
l 

H
 a

re
 r

e
p
o
rt

e
d
 b

y
 p

a
re

n
ts

. 
T

h
e
 “

D
if
fe

re
n
c
e
” 

c
o
lu

m
n
s
 r

e
p
o
rt

 t
h
e
 r

e
su

lt
s
 o

f 
th

e
 t

-
te

st
 f
o
r 

th
e
 d

if
fe

re
n
c
e
 i
n
 t

h
e
 m

e
a
n
s
 

in
 t

h
e
 t

w
o
 p

re
v
io

u
s
 c

o
lu

m
n
s
. 

* 
S
ig

n
if
ic

a
n
t 

a
t 

1
0
%

; 
*
* 

s
ig

n
if
ic

a
n
t 

a
t 

5
%

; 
*
*
* 

s
ig

n
if
ic

a
n
t 

a
t 

1
%

. 



T
a
b
le

 2
: 

O
L

S
 a

n
d
 W

it
h
in

-
T

w
in

-
P

a
ir

 
F
ix

e
d
-
E
ff

e
c
ts

 E
s
ti

m
a
te

s
 o

f 
th

e
 D

e
te

rm
in

a
n
ts

 
o
f 

E
a
rl

y
 
H

e
a
lt

h
 
S
h
o
c
k
s
 a

n
d
 
th

e
 

E
ff

e
c
ts

 o
f 

E
a
rl

y
 H

e
a
lt

h
 
S
h
o
c
k
s
 o

n
 P

a
re

n
ta

l 
In

v
e
s
tm

e
n
ts

 
(W

h
o
le

 
S
a
m

p
le

) 

D
e
p
e
n
d
e
n
t 

v
a
ri

a
b
le

s
 

E
a
rl

y
 h

e
a
lt

h
 s

h
o
c
k
 

H
e
a
lt

h
 

E
d
u
c
a
ti

o
n
 

C
lo

th
in

g
 

P
a
re

n
ts

 h
o
m

e
 t

u
to

r 

O
L

S
 

F
E

 
O

L
S
 

F
E

 
O

L
S
 

F
E

 
O

L
S
 

F
E

 
O

L
S
 

F
E

 

E
a
rl

y
 h

e
a
lt
h
 s

h
o
ck

s
 

1
.0

5
4
**

* 
1
.3

5
1
 
…

 
0
.0

2
1
 

-
0
.2

0
4
**

* 
0
.0

3
0
 

-
0
.0

5
8
 

0
.7

8
4
 

-
1
.4

9
3
 

E
a
rl

y
 h

e
a
lt
h
 s

h
o
ck

s
 

[0
.1

53
] 

0
.3

1
4
] 

[0
.0

5
6
] 

0
.0

7
3
) 

[0
.0

8
6
: 

0
.0

4
2
] 

[1
.6

4
4
 

[1
.2

63
] 

B
ir

th
 w

e
ig

h
t 

(k
g
):

 
<

2
 

0
.0

4
0
 

0
.0

1
0
 

0
.4

4
0
**

 
0
.5

2
1
**

 
-
0
.0

7
6
 

-
0
.0

1
5
 

-
0
.0

7
9
 

0
.0

0
6
 

0
.0

0
4
 

0
.2

5
5
 

B
ir

th
 w

e
ig

h
t 

(k
g
):

 
<

2
 

[0
.0

26
] 

0
.0

2
6
] 

[0
.1

8
9
 

[0
.2

10
] 

[0
.0

7
8
) 

[0
.0
47

1
 

[0
.1

1
3
] 

[0
.0

36
] 

[1
-6

94
] 

[1
.4

11
 

B
ir

th
 w

e
ig

h
t 

(k
g)
：

 
2
-
2
.5

 
0
.0

1
0
 

0
.0

0
0
 

0
.2

5
5
* 

0
.4

6
8

…
 

0
.0

5
4
 

0
.0

1
6
 

-
0
.0

1
6
 

0
.0

2
7
 

-
1
.8

6
0
 

0
.2

5
7
 

B
ir

th
 w

e
ig

h
t 

(k
g)
：

 
2
-
2
.5

 

[0
.0

19
] * 

[0
.0

2
1
] 

[0
.1

5
0
 

[0
.1

63
] 

(0
.0

6
0
 

[0
.0

26
] 

[0
.0

90
] 

[0
.0

30
] 

[1
.3

1
5
 

1.
19

4]
 

B
ir

th
 w

e
ig

h
t 

(k
g
):

 2
.5

-
3
 

-
0
.0

1
0
 

-
0
.0

2
0
 

0
.1

9
9
 

0
.4

2
1
**

* 
-
0
.0

4
6
 

-
0
.0

1
3
 

-
0
.0

5
2
 

-
0
.0

0
4
 

-
0
.9

5
5
 

-
0
.3

1
9
 

B
ir

th
 w

e
ig

h
t 

(k
g
):

 2
.5

-
3
 

[0
.0

18
] 

10
.0

18
] 

[0
.1

4
3
 

0
.1

4
9
] 

(0
.0

5
9
 

0
.0

2
3
] 

[0
.0

87
] 

[0
.0

20
] 

[1
.2

4
3
 

0
.9

9
3
 

G
e
n
d
e
r 

(b
o
y
=

l)
 

0
.0

4
0

…
 

0
.0

2
0
**

 
0
.2

3
3
**

 
0
.0

8
6
 

•-
0
.0

3
6
 

-
0
.0

2
4
 

-
0
.0

2
3
 

-
0
,0

2
8
 

1
.3

9
4
* 

0
.2

3
5
 

G
e
n
d
e
r 

(b
o
y
=

l)
 

0
.0

1
3
 

[0
.0

1
0
] 

[0
.0

94
] 

0
.0

9
3
] 

[0
.0

3
8
] 

0
.0

2
1
] 

[0
.0

54
] 

[0
.0

17
] 

[0
.8

33
] 

[0
.7

79
) 

A
 
E

x
p
e
n
d
it
u
re

 
2
3
7
.9

5
1
 

3
0
5
.0

0
2
 

1
9
.1

4
3
 

-
1
8
5
.9

6
2
 

7
.2

5
9
 

-
1
4
.0

3
3
 

#
 

O
b
se

rv
a
ti
o
n
s
 

2
9
2
2
 

2
9
2
2
 

2
9
2
2
 

2
9
2
2
 

2
9
2
2
 

2
9
2
2
 

2
9
0
2
 

2
9
0
2
 

2
9
2
2
 

2
9
2
2
 

#
 
p
a
ir

s
 o

f 
tw

in
s
 

1
4
6
1
 

1
4
6
1
 

1
4
6
1
 

1
4
5
1
 

14
61

 

N
o
te

s:
 E

a
c
h
 e

n
tr

y
 c

o
m

e
s
 f
ro

m
 a

 s
e
p
a
ra

te
 r

e
g
re

ss
io

n
. 

R
o
b
u
s
t 

s
ta

n
d
a
rd

 e
rr

o
rs

, 
c
lu

st
e
re

d
 a

t 
th

e
 h

o
u
se

h
o
ld

 l
e
v
e
l,
 a

re
 i
n
 b

ra
c
k
e
ts

; 
* 

si
g
n
if
ic

a
n
t 

a
t 

1
0
%

; 
*
* 

si
g
n
if
ic

a
n
t 

a
t 

5
%

; 
*
*
* 

s
ig

n
if
ic

a
n
t 

a
t 

1
%

. 
T

h
e
 d

e
p
e
n
d
e
n
t 

v
a
ri

a
b
le

s
 o

f 
h
e
a
lt

h
, 

e
d
u
c
a
ti
o
n
, 

a
n
d
 c

lo
th

in
g
 e

x
p
e
n
d
it
u
re

s
 a

re
 i
n
 l
o
g
 

fo
rm

. 
T

h
e
 r

o
w

 "
A

 
E

x
p
e
n
d
it
u
re

" 
re

p
o
rt

s
 t

h
e
 i

m
p
li
e
d
 c

h
a
n
g
e
 i

n
 t

h
e
 l
e
v
e
l 
o
f 

e
x
p
e
n
d
it
u
re

. 



Table 3: Within-Twin-Pair Fixed-Effects Estimates of the Effects of Early Health 

Shocks on Parental Investments (Subsamples) 

Health Education Clothing Parents home 

tutor 

Rural Sample 

Early health shocks 1.523*** -0.058 -0.120 -2.041 

[0.538] [0.069] [0.092] [1.966] 

A Expenditure 228.694 -36.564 -20.789 
# pairs of twins 773 773 773 764 

Urban Sample 

Early health shocks 1.149*** -0.328*** -0.018 -0.962 

[0.374] [0.116] [0.021] [1.678 

A Expenditure 356.983 -402.620 -5.745 

# pairs of twins 688 . 688 ^ 687 

Male Sample 

Early health shocks 1.085** -0.171** -0.108 -2.393 

[0.426] [0.074] [0.091] [2.565 

A Expenditure 258.577 -155.514 -26.227 

# pairs of twins 541 541 ^ 539 

Female Sample 

Early health shocks 2.080*** -0.410** -0.028 0.868 

[0.708] [0.188] [0.030] [0.628] 

A Expenditure 529.776 -402.255 -7.260 
# pairs of twins 560 560 ^ 556 

Notes: Each entry comes from a separate regression. Robust standard errors are in brackets; * 

significant at 10%; ** significant at 5%; *** significant at 1%. Birth weight is controlled for in each 

regression; gender has been controlled for in the estimations based on the rural and urban samples. 

The dependent variables of health, education, and clothing expenditures are in log form. The row 

«A Expenditure" reports the implied change in the level of expenditure. 
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Table 8: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 
Expenditures 

Father Mother 

Work Expenditure Work Expenditure 

Whole Sample 

Early health shock (only one child) -0.044 -140.393* 0.046* -4.554 

10.078] [79.028] [0.027] [65.095] 

# ObservatioiLs 1163 1423 1048 1442 

R-squarcd 0.017 0.200 0.026 0.207 

Rural Sample 

Early health shock (only one child) 0.004 -133.164* 0.006 -12.947 

0.0501 I70.516j 10.0401 [46.779 

# Observations 646 757 608 763 — . — — . 

R-squarcd 0.004 0.206 0.002 0.109 

Urban Sample 

Early health shock (only one child) -0.089 -140.071 0.087*** -5.265 

[0.1461 [128.382] (0.033) [109.298 

# Observations 517 666 440 679 

R-squared 0.014 0.156 0.032 0.289 

Male Sample 

Early health shock (only one child) 0.005 33.393 0.072* 74.990 

[0.0451 [134.589] [0.039] 1116.180] 

# Observations 417 524 386 536 

R-squared 0.017 0.218 0.051 0.332 

Female Sample 

Early health shock (only one child) -0.122 -379.628*** -0.011 -106.805 

[0.217] [99.651) [0.048] [101.787] 

# Observations 452 545 405 553 

R-squared 0.033 0.187 0.025 0.182 

Notes: Each entry comes from a separate regression. Robust standard errors are in brackets; * 

significant at 10%; ** significant at 5%; *** significant at 1%. Child's age, mother's years of 

schooling, and per capita family income are included as controls in each specification; rural has 

also been controlled for in estimations based on whole, male, and female samples. 
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Essay Two 

Education and Preferences: 

Experimental Evidences from Chinese Adult Twins! 

4 

‘This essay is largely based on an on-going joint research project with Soo Hong Chew’ James 

Heckman, Songfa Zhong, and Junsen Zhang. I have been the main contributor to the work so far. 
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“This also takes care of the matter of whether those questioned would 

"correct" their behavior if it were pointed out to them that they "act" in 

violation of the expected utility hypothesis. That theory, as formulated by 

the von Neumann-Morgenstern axioms, is normative in the sense that the 

theory is "absolutely convincing" which implies that men will act 

accordingly. If they deviate from the theory, an explanation of the theory 

and of their deviation will cause them to readjust their behavior. This is 

similar to the man who tries to build a perpetuum mobile and then is 

shown that this will never be possible. Hence, on understanding the 

underlying physical theory, he will give up the vain effort:’ 

Oskar Morgenstern, 1979 
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1 Introduction 

At the heart of economic analysis is how we make decisions ranging from decision 

making under risk and uncertainty to decision making involving time. The behavioral 

economics revolution of the past decade reflects the rise in influence of 

psychological considerations in how economists model decision making behavior 

following the Allais paradox (1953) for decision making under risk and the Ellsberg 

paradox (1961) for decision making under uncertainty. This has led to an active 

literature in non-expected utility models (see, e.g., Starmer, 2000, for a review) 

including the highly influential prospect theory (Kahneman and Tversky, 1979; 

Tvcrsky and Kahneman, 1992). There is a parallel literature on decision making 

anomalies involving time, e.g., temporal discounting (Laibson, 1997)，incidence of 

consumption (Lowenstein, 1987), and the timing of uncertainty resolution (Kreps 

and Porteus, 1989). There is a tendency in literatures to refer to departures from the 

classical model as representing decision making biases which, as with the opening 

quote from Oskar Morgcnstem (1979)，can potentially be rectified via human capital 

investment, i.e., education or perhaps re-education. 

We adopt the view that a decision making bias refers to behavioral anomalies 

that are robust with respect to people being cognizant of them, rather than transitory 

ones which would generally not prevail with respect to full awareness. Savage (1954) 

argued that increased understanding ought to increase the frequency of the “truly” 

normative response; that preferences that initially contradict some normative 

principle may not survive thorough deliberation (what he termed "reflective 

equilibrium"). A related question is whether the incidence of behavioral anomalies 

also reflects cognitive ability or bias. The research reported in this essay contributes 

to understanding how preference and bias may be related through education. Among 

factors affecting preference formation, education appears especially important given 

that wc Icam and develop different ways of thinking and acting besides being trained 

to acquire professional skills. 

The Study of the relationship between education and preference also directly 

relates to the literature on the determination or formation of preference. Stable 

preferences, together with maximizing behavior and market equilibrium, have once 

been regarded as the fundamental trinity assumptions, which establish the Iractability 
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of the analytical framework in economics. Although it is reasonable to assume that 

basic preferences do not change rapidly over a short period of time, they may change 

gradually over an extended duration. From a life-cycle perspective, it makes sense to 

treat preferences as being endogenous rather than exogenous.^ Previous studies have 

analyzed theoretically the preference formation and preference change processes, and 

demonstrated their importance (e.g., Becker, 1992，1996; Becker and Mulligan, 

1997). Theories have been proposed about endogenous determination of preferences 

including wealth (Becker and Mulligan, 1997), market institutions (Bowles 1998), 

and culture (Bisin and Vcrdier, 2000). Recent empirical studies based on 

experimental data find that cognitive ability is associated with risk attitude and time 

discounting (Dohmen, et al., 2010; Benjamin ct al., 2006; Burks et al., 2009), and 

non-cognitive ability and gender arc related to attitude toward risk and ambiguity 

(Borghans et al., 2009). In a literature review by Croson and Gncezy (2009)，they 

concluded that there are robust gender differences in preference in general. There is 

also a recent literature demonstrating the heritability of preference using incentivizcd 

choice (Ccsarini et al., 2009; Zhong el al., 2009a). 

There is almost no systematic and rigorous study addressing the causal 

relationship between education and preferences in the literature. An ordinary least 

squares estimation of the effect of education on preferences cannot address causality， 

because unobservable family background and individual heterogeneity may 

simultaneously affect educational outcomes and preference formation. In other words, 

education may be correlated with unobservable family background and the effects of 

endowment, which would render any correlation between education and preference 

spurious? Due to the difficulty in breaking the endogeneity that results from omitted 

variables, the casual relationship between education and preferences remains elusive. 

The primary goal in this essay is to empirically identify the causal effect of 

education on two dimensions of preference - decision making under risk and 

uncertainty and decision making involving time. Wc conduct a number of 

incentivized choice experiments on adult twins to measure preferences. We then use 

a within-twin-pair fixed-effects estimator to carry out the identification. As is argued 

2 Stigler and Becker (1977) assumed that preferences are treated to be fixed and exogenous across 

individuals. Yet the more recent work by Becker (1992, 1996) and Becker and Mulligan (1997) rejects 

the assumption of stable preferences. 

3 The difficulty in identifying the causal relationship between education and preferences is similar to 

that of the estimation of economic returns to education. See, e.g.. Card (1999), for a review of the 

econometric issues in estimating returns to education. 
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in the literature (Ashenfeitcr and Krueger, 1994; Behrman et al., 1996; Behrman and 

Rosenzweig, 1999), twins have a similar family background, and monozygotic (from 

the same egg) twins are genetically identical.斗 The effects of unobserved family 

background and genetic endowment should be similar for both twins. Thus, taking 

the within-twin-pair difference will, to a great extent, reduces the unobservable 

family background and individual endowment effects that could cause bias in the 

ordinal least squares estimation. Intuitively, by comparing experimentally measured 

preference of twins with different educational attainments, we gain more confidcncc 

that the correlation that we observe between education and preference is not due to a 

correlation between education and family background or an individual's endowment. 

Our within-twin-pair fixed-effects estimates, based on the experimental data 

on adult twin pairs, indicate that education affects decision making involving both 

risk and uncertainly and involving lime. We find that a higher level of education 

lends to reduce the degree of risk aversion toward moderate prospccts, moderate 

hazards, and longshot prospects. In terms of decision making anomalies, university 

educated subjects exhibit significantly more Allais type behavior compared to prc-

high school subjects, while high school educated subjects also exhibit more 

ambiguity aversion as well as familiarity bias relative to pre-high school subjects. 

For decision making involving time, a higher level of education tends to reduce the 

degree of impatience, hyperbolic discounting, dread, hopeftilness, except for 

anxiousness whose incidence is not sensitive to educational attainment. The 

estimation results are robust in a series of sensitivity analysis when wc (i) use the 

instrumental variables (IV) method to take care of potential measurement errors; and 

(ii) control for birth weight and restrict the estimation sample to include only 

monozygotic (MZ) twins to take carc of possible biases arising from omitted 

variables. In summary, our experimental evidences from Chinese adult twins suggest 

that people with a higher level of education tends to exhibit more "biased" preference 

in risk attitude and less "biased" preference regarding time. 

At present, the relationship between individual's demographic, social and 

economic characteristics and experimental measured preferences have been 

4 Gorseline (1932) seems to be the first attempt to look at sibling data in economics. Not content with 

sibling data, Behrman and Taubman (1976), Taubman (1976a, 1976b), and Behrman et al. (1977) 

began to use twin data in the 1970s. Todd and Wolpin (2003) clarify different identification 

assumptions between within-sibling and within-twin-pair fixed-effects estimator. They conclude that 

within-twin-pair fixed-effects estimator needs much weaker identification assumptions than within-

sibling fixed-effects estimator. 
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increasingly noticed to be important in economics (Borghans et a!., 2009，Dohmen et 

al., 2010).5 However, most of these studies arc showing a correlation rather than a 

causal relationship. 6 Combining survey data, experimental data, and econometric 

methods, this essay appears to be the first study addressing the causal relationship 

between education and preference. 

This essay also contributes to the literature on human capital. Integrating the 

recent development in ncuroscience, psychology, and behavioral science, the 

boundary of human capital theory has been substantially outspreading in recent years 

(see, e.g., Cunha, et al., 2006; Rutter, 2006; Cunha and Heckman，2007，2008; 

Heckman，2007; ter Weel, 2008; Cunha et al., 2010). Non-cognitive skills, such as 

personality traits in the terminology of psychologists, for example, have been widely 

accepted as an important dimension of human capital (Heckman and Rubinstein, 

2001; Heckman, Stixrud and Urzua, 2006; Borghans et al.，2008). The within-twin-

pair fixed-effects estimates of education and preference add a new piece to this 

strand of an emerging literature. Should preferences be shaped by education, they 

should be treated as endogenous in the human capital theory. Our results thus suggest 

future research to explore the mechanism underlying the relationship/interaction 

between human capital formation and preference formation. 

Finally, the estimation of the return to education has been one of the major 

subjects in economics for several decades (Card, 1999). Yet, there have been limited 

studies to explore the mechanism underlying the relationship between education and 

socioeconomic success. Our identified relationships between educational attainments 

and decision making under risk and uncertainty and involving time will help our 

understanding of the pecuniary return to education. 

The essay proceeds as follows. Section 2 reviews the behavioral concepts 

about the two dimensions of preference - decision making under risk and uncertainty 

and decision making involving time, and empirical evidences about their 

determinants. Section 3 describes the Chinese adult twin data and the experimental 

design. Scction 4 specifies our empirical methodology. Section 5 presents the 

estimation results. Section 6 conducts a robustness analysis. Section 7 discusses and 

concludcs. 

‘The next section gives a literature survey, 

6 A notable exception is Benjamin et ai. (2010). They analyze the effect of social identity on both time 

preference and risk aversion by adopting a method from social phycology to introduce exogenous 

variation in identity effects. 
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2 Review of Behavioral Decision Models 

This section reviews a number of choice models and related empirical studies on 

decision making involving risk and uncertainty as well as decision making involving 

time. 

2.1 Decision Making under Risk and Uncertainty 

Attitudes toward economic risk are one of the primitives in economics. They 

underpin a wide range of behavior, including portfolio choice and insurance purchase, 

which have significant economic consequences. Not surprisingly, risk is the most 

well studied preference in economics. Center to decision making under risk is the 

question how people would evaluate a gamble. The pioneering contributions of von 

Neumann and Morgcnstcm (1944) and Savage (1954) provided an axiomatic 

foundation of the cxpected utility model, where the value of a gamble equals the 

mean of utility of monetary outcomes. Under this framework, the expected utility -

(EU) of a lottery (x 丨,...，x„ ;/?"".， i s given by: 

N 

Despite the fact that the EU theory provides a convenient analytical tool, it is 

unsatisfactory in many aspects. First, the EU model is not able to account for the 

fourfold pattern of risk attitudes. In their 1979 seminal paper on prospect theory (PT) 

and the rejoinder in 1992, Kahncman and Tversky posited the notion of status quo 

relative to which gains and losses are defined. Risks are referred to as prospects 

(hazards) when they arc oriented toward gains (losses). Risks can be further 

distinguished between those whose contingencies have moderate probabilities and 

those whose contingencies are highly unlikely or have longshot probabilities. For 

instance, insurance and state lotteries represent longshot hazards and longshot 

prospects while financial assets may be viewed as moderate prospects. Market 

evidence points to the prevalence of risk aversion toward longshot hazards and, to 

some extent, risk tolerance for longshot prospects. Kahneman and Tversky also 

pointed out the little reported tendency for people to be risk tolerant when it comes to 

moderate hazards, e.g., when people find themselves in insecure or unsafe situations 

prompting them to lake a chance (Kunretither and Ginsberg, 1978). This is the so 

called fourfold pattern of risk attitudes - risk averse (preferring/tolerance) toward 
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moderate prospects (hazards) and risk averse (preferring/tolerant) toward longshol 

prospects (hazards). Specifically, the fourfold pattern of risk attitudes consists of 

comparing a lottery of the form of a ^ chance of receiving an outcome x and a \-q 

chance of receiving zero, denoted by {x,q), versus receiving its expected value, xq , 

for sure. PT assumes a loss-averse value function v that is concave over gains, 

convcx over losses, and vanishes at the status quo, represented by zero. The 

implication of adopting such a loss-averse value function for an EU decision maker 

is immediate. For positive (negative) x, the EU of receiving the lottery {x,q) is 

given by qv{x)，which is always less (greater) than the utility v{qx) of receiving its 

cxpcctcd value qx for sure. Such an EU decision maker would be risk averse for all 
* 

prospects and risk preferring for all hazards, leaving it unable to concurrently exhibit 

risk preference for longshot prospects and risk aversion for longshot hazards. 

Second, the independence axiom of the EU theory had been challenged soon 

after it was propounded, in particular, by the Allais paradox (1953).^ In Allais 

paradox, subjects are presented with two pairs of lotteries, consisting of bets on a 

random draw from 100 cards numbered from 1 to 100. In the first pair, Option Aj is a 

sure thing, that is, you receive $1M for sure; Option B| is: if you draw a card from 1 

to 89’ you receive $1M; if you draw a card numbered 90 you receive zero; if you 

draw a card from 91 to 100, you receive $5M. In the second pair. Option k j is: if you 

draw a card from 1 to 89, you receivc zero; if you draw a card from 90 to 100, you 

rcccivc $1M; lottery B2 is: if you draw a card from 1 to 90’ you receive zero; if you 

draw a card from 91 to 100, you receive $5M. Notice that both pairs of options share 

the same outcome 89% of the time. Under expcctcd utility, these common outcomes 

would have no effect on the relative desirability of the A and the B options,, so that a 

preference of A over B in one pair implies such a preference for the other pair. Yet, 

it is often observed that people prefer A1 over B1 but prefer B2 over A2. 

Third, there arc other kinds of anomalies such as ambiguity aversion and 

familiarity bias, which cannot be accounted for by the EU theory. Ambiguity 

aversion was first suggested by Keynes (1921) in his Treatise on Probability in which 

he staled- "If two probabilities arc equal in degree, ought we, in choosing our course 

of action, to prefer that one which is based on a greater body of knowledge?" He 

'The independence axiom is a key characteristic of this model, which follows from the additive 

structure of EU. It means that for the strict preference relation f over any lotteries F and G, F f G if 

and only i foF + (I- a)II f aG + (I- a)"、for any probability a in (0. 1) and any lottery H. 
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illustrated this observation with an example of two ums, one containing fifty black 

balls and fifty red balls while another contains one hundred balls of either color. This 

example reappeared in Ellsbcrg (1961) which observed that people tend to be 

ambiguity averse in preferring to bet on the um with known probabilities rather than 

one with unknown probabilities. The phenomenon of ambiguity aversion is puzzling. 

People tend to be indifferent between betting on red or black for either um so that 

drawing either color ought to have the same subjective probability of one-half, 

regardless of the um used. More recently, it has become increasingly recognized that 

decision making under uncertainty depends not only on probabilities, but also on 

how uncertainty itself arises. This has been specifically referred to as source 

dependence or familiarity bias (Fox and Tvcrsky, 1995). In particular, they echoed 

Keynes and proposed that people have familiarity bias in tend their disposition to 

prefer betting on risks arising from a more familiar source of uncertainty. 

Over the past several decades, these anomalies have inspired an active 

literature in decision theory going beyond the expected utility model, e.g., by using a 

nonlinear probability weighting function (Kahneman and Tversky, 1979; Quiggin, 

1982; Chew, 1983), by using a non-additive capacity over events (Schmcidlcr, 1989; 

Tversky and Kahneman, 1992), by assuming that decision makers have non-unique 

priors (Gilboa and Schmeidler, 1989), and by allowing non-indifference over 

identically distributed risks arising from different sources of uncertainty (Chew and 

Sagi, 2008; Ergin and Gul, 2009). 

Different methods to elicit risk attitude have been reported in the 

experimental economics literature. ® An increasingly used clicitation procedure, 

known as the multiple price list design (Miller, Meyer, and Lanzetta, 1969; Holt and 

Laury, 2002), entails giving the subject on an ordered array of binary choices. 

Anderson et al. (2008) offered suggestive evidence of the stability of risk preference 

assessed using multiple price list design over a 17-month time span. Risk attitude 

assessed using this design was also shown to predict risky behaviours such as 

cigarette smoking, heavy drinking, being overweight or obese, and acccptancc of 

risky food (Lusk and Coble, 2005; Anderson and Mellor, 2008). 

Harrison et al. (2008) conducted a field experiment in Denmark with a 

representative sample of 253 subjects between 19 and 75 years of age. They found 

* See, e.g., Harrison and Rutstrom (2008) for an excellent review 
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strong support for a decrease in risk aversion as the age of a person increases, but no 

ctTcct of gender on risk attitudes. Dohman et al. (2006) conducted a study with a 

representative sample of roughly 22,000 individuals in Germany, using a question 

that asks about willingness to take risks on an 11 -point scale. They found that 

willingness lo take risks is negatively related to age and to being female, and 

positively related to height and parental education. However, using a methodology 

from psychology, Benjamin, Choi and Strickland find that making gencfcr identity 

salient has no effect on intertemporal choices. In a sample of 660 customers of a 

German car manufacturer, Gachlcr ct al. (2007) showed that older people are more 

loss averse than younger people. Higher education dccrcascs loss aversion, while 

higher income and higher wealth are both positively correlated with loss aversion. 

Using a Dutch sample of 1935 subjects, Booij cl al. (2009) found that older people 

are more risk averse in the gain domain, but other social, economic, and 

demographic variables such as income，age, and education did not appear lo have a 

significant effect on their risk attitudes for risks over gains as wcli as over losses. 

In a Chinese sample of 350 subjects, Zhong et al. (2009c) found male 

subjects to be more risk tolerant toward longshol prospccts than female subjects, but 

not for longshot hazards. Older subjects lend to be significantly more risk averse 

toward longshot hazards, but not for longshot prospccts. In a study of Allais paradox 

using^ a large sample of 1426 subjects, Huck and Mullcr (2009) found considerable 

heterogeneity in the population and that violation of cxpcclcd utility tend to be 

prevalent among subjects who had less education, poor, or unemployed. 

Moore and Eckel (2003) reported that in the gain domain women were more 
I 

risk averse and more ambiguity averse than men. Schubert et al. (2004) reported 

women to be more ambiguity averse over gains while men arc more ambiguity 

averse over losses. In a rcccnt experiment with 347 high school students, Borghans 
一 ^ ？ 

ct al. (2009) showed that women arc more risk averse, while men arc more ambiguity 

averse than women, and that this gender gap in ambiguity vanishes after conditioning 

on risk aversion. 

2.2 Decision Making involving Time 

The standard additively separable model for time prcfcrence was first proposed by 

Samuclson (1937), assuming a constant discount rate with a utility tiinction for 

within-period consumption. There has been accumulating evidence showing thai the 

61 



lack of descriptive validity of this exponential discounting model.^ In particular, 

people tend to exhibit hypobolic discounting preference in being more impatient 

across consumptions in the immediate future than in the more distant future. Phelps 

and Pollak (1968), and later on Laibson (1997) introduced a two-paramctcr model to 

account for this phenomenon. 

Kirby ct al. (2002) collected field data from 154 Tsimane' Amerindians 10-

80 years of age and found that discount rates arc positively correlated with age, 

negatively correlated with education and incomc, but not with wealth. In a study of 

Vietnamese villagers, Tanaka ct al. (2009) combined survey information with 

experimentally elicited measures of preferences to study risk attitudes and time 

prcfcrcnccs. Their found lower discount rates to be associated with both higher 

household incomes and average village incomes but they did not find a statistically 

significant relationship between discount rate and education. Chabris ct al. (2008) 

found that individual discount rates predict inter-individual variation in field 

behaviors including cxcrcisc, body mass index, and smoking. While the correlation 

between the discount rate and each field behavior is small, the discount rate has at 

least as much prcdictivc power as any other variable such as gender, age, and 

education, in a survey study, Amcriks ct al. (2007) reported that timc-inconsistcnl 

behavior correlates with ovcrconsumption and low wealth. Benjamin, Choi and 

Strickland (2010) find that, compared with white subjects, Asian-American subjects 

arc more likely to make more patient choicc when their ethnic identity arc made to be 

salient. When racial identity arc made more salient, non-immigrant blacks arc more 

likely to make more patient choice than immigrant blacks. 

Another dimension of decision making over time concerns the timing of 

consumption, specifically, the idea of anticipation and dread (Loewenstcin, 1987). In 

his experiment, subjects indicated how much they would pay to obtain (avoid) 

oulcomcs that would occur either immediately or after one of several delays. A 

robust difference emerged in the comparison of timing preferences for desirable and 

avcrsive outcomes. For obtaining a kiss from the movie star of one's choosing， 

subjects considered it almost twicc as valuable if it was set to occur in three days 

rather than immediately; lor receiving a non-lclhal electric shock, subjects were 

willing to pay almost twice as much to avoid it for ten years as they would pay to 

4 See, Frcdcrick, Loewenstcin, and O, Donoghue (2002) for a survey. 

62 



avoid the same shock immediately, Loewenslcin attributed this to the utility that 

people cxpcct to derive during the period of waiting: anticipating a pleasant outcome 

versus dreading an unpleasant one. 

Timing of the resolution of uncertainty is another dimension of decision 

making over time. The timing of uncertainty resolution may matter for two reasons: 

planning advantage of early resolution (Krcps and Portcus, 1978) and anticipatory 

feelings such as hopefulness in case of late resolution (Chew and Epstein, 1989; 

Chew and 1 lo, 1994). Chew and Ho conducted an experimental test, and found that 

hopefulness, i.e., a preference for late resolution of uncertainty, is more prevalent 

when there is a small probability of receiving a sizable gain; while anxiousness, a 

prcfcrcnce for early resolution, bccomes more prevalent when there is there is good 

chance of receiving the sizable gain. Similar results are reported subsequently in 

Lovallo and Kahneman (2000) and Hopfensitz, Krawczyk, and van Winden (2008). 

3 tLxperimental Design Involving Adult Twins 

The data sets that we dsc in this study are combined from two sources. One is 

derived from the Chinese Adult Twin Survey (CATS) which was conducted in 2002. 

The other is derived from the experiments that were conducted in 2008 on a 

subsample of the twins in CATS. This section describes the CCTS, the experiments, 

and the summary statistics. 

3.1 The Chinese Adult Twins Survey 

The socioeconomic variables in our analysis are derived from the CATS」。It was 

conducted by the Urban Survey Unit (USU) of the National Bureau of Statistics 

CNBS) in June and July 2002 in five cities in China. They arc Chengdu, Chongqin, 

Harbin, llcfci, and Wuhan. Based on existing twin questionnaires from the United 

States and elsewhere, CATS covcrs a wide range of demographic, social, and 

economic information. The questionnaire was designed by one of the authors of this 

essay in close consultation with Mark Roscnzweig and Chinese experts at the NBS. 

Adult twins aged between 18 and 65 were identified by the local statistical bureaus. 

The questionnaires were completed through face-to-face personal interviews. One of 

'"Li el al. (2007). iluung ct al. (2009), Li. Rosenzwcig and Zhang (2010)，and L» et al. (2010) gave a 

detailed description of the CATS data. 
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the authors made several site checks of the survey work and closely monitored the 

data input proccss. Thus, the survey was carefully conducted. 

The CATS is the first socioeconomic twin survey in China and perhaps the 

first in Asia. There is rich socioeconomic information in the data set. We consider a 

pair of twins to be identical (monozygotic, MZ) or non-idcntical (dizygotic，DZ) 

based on the whether they have identical hair, color, looks, and gender. Thus, we can 

distinguish whether the twins in the sample arc identical or non-identical. There are a 

total of 3,002 individuals who are twins. Wc have complete information on education 

and other variables for both twins in 964 pairs (1928 individuals). Of these, 488 pairs 

(976 individuals) arc MZ twins. 

3.2 Decision Making Experiments 

The measures of preferences arc derived from the experiments. In June and July 

2008, one of the authors conducted a set of experiments on a subsample of twins in 

the CATS." The subjects of the experiments arc from the CATS data. However, due 

to the budget constraint, wc conducted the experiments only in two cities. They arc 

I Icfci and Wuhan, the capitals of Anhui and Hubei provinces, respectively. Some 

twin individuals have changed their address and contact information during the 

period of 2002-2008. These individuals thus could not be rcachcd. Furthermore, 

bccausc participation in the experiments was voluntary, some individuals in the 

CATS refused to take part in the experiments due to time constraints or 

unwillingness. Eventually, wc recruited 70 pairs (140 individuals) of twins for our 

experiments. 

The experiments were conductcd in a hotel confcrcnce room at Wuhan, and a 

classroom at Hcfci. Each individual who took part in the experiment was paid 

RMB60 as show-up fee” In addition, there were various payoffs in each experiment. 

Most individuals finished the experiments within one hour. The maximum time spent 

was almost one and a half hours. The money was paid in cash after participants 

‘ ‘Wc also hired several experiment assistants in conducting the experiments. 

口 There is a sample selection problem because of migration and selective participation. However’ any 

sample selection bias arising from migration should not be a major issue because the inter-urban 

migration rate was only 0.975% based on the 2000 census (Li, Liu, and Zhang, 2011). Regarding to 

sample selection arising from voluntary participation, this is a general concern with all labor 

experiments and some field experiments (List and Rasul, 2010). Thus, we exercise caution in 

interpreting our empirical results. 

The exchange rate is US S1~RMB 6.8 in 2008. 
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finished the experiment. On average, they earned RMB42 in addition to the basic 

reward. In these two cities, the minimum wage per hour for a full time employee is 

RMB6.5, and the average wage per hour is RMB9.5 (NBS, 2009). Thus, the amounts 

earned by participants were, on the average, much higher than their alternative wages, 

and participants should have sufficient incentive to make careful decisions in the 

experiments. The experimental design and instructions arc presented in Appendix I. 

Attitudes toward Fourfold Risk 

There have been various ways to assess risk attitudes, and a simple experimental 

elicitation procedure is known as the multiple price list design, which entails giving 

the subjcct on an ordered array of binary choices.'*^ The task is simple and relatively 

context free with the multiple pricc list design, relative to other experiment-based 

studies of risk aversion. 

In this study, we use a simplified version of this procedure to assess subjects' 

risk attitudes. In assessing risk attitude toward moderate prospects (GAME ONE in 

Appendix I), subjects chose between an evcn-chance lottery between receiving 

RMB40 and receiving zero, versus receiving the expectcd outcome of RMB20 for 

sure. Subjects were inccntivized for their choice in this comparison. Based on their 

decisions, subjects' valuation of the gamble is categorized as follows: risk aversion if 

certainly is chosen; risk seeking if lottery is chosen. Correspondingly, in assessing 

risk attitude toward moderate hazards (GAME TWO in Appendix I), subjects begin 

by choosing between a lottery which involves losing RMBIO and losing zero with 

equal probability versus losing RMB5 for sure. Subjects were inccntivized, i.e.， 

losses were dcductcd from subjects' show-up fees. Based on their decisions, subjects' 

valuation of the gamble is categorized as follows: risk averse over losses if certainty 

is chosen; risk tolerant over losses if lottery is chosen. 

For longshot prospects (GAME THREE in Appendix I), subjects order the 

value of three items: (A) RMB2 lottery ticket which has a very small chance of 

winning 5 millions, (B) RMB2 lottery ticket which have small chance of winning 0.1 

million, and (C) RMB2 for sure. We paid subjects their most preferable choice as 

incentive. Subjccls are classified as exhibiting longshot preference, when A is 

preferred to B which is in turn preferred to C. For longshot hazards (GAME FOUR 

in Appendix I), subjects are classified as being disposed to insure if they prefer 

For a survey, sec, e.g., Harrison and Rutstrom (2008) 
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losing RMB2 for sure than losing RMB2000 with 0.1% chancc. We did not 

incenlivize GAME FOUR given the anticipated difficulty in collccting RMB2000 

should this unlikely contingency occur. 

AI la is-type Behavior 

We adopt two of the four pairs - called the H (high) and L (low) pairs — of binary 

choices in Chew and Waller (1984) designed to test the independence axiom's 

parallelism implication on the behavior of indifference curves in a probability 

triangle (GAME FIVE in Appendix I). They find the highest incidence of Allais-type 

behavior, i.e., non-parallelism, based on subjects' choices in the H (high) and the L 

(low) pairs of binary choices. In our design, the H pair involves subjects choosing 

between receiving a high outcome of RMBIOO with a 80% chance and receiving an 

intermediate outcome of $0 with 20% chance (Option A) versus receiving RMBIOO 

with 90% chancc and receiving a low outcomc of losing RMB80 with 10% chancc 

(Option B). The L pair involves subjects' choosing between losing RMB80 with 80% 

chancc and receiving $0 with 20% chance (Option A) versus losing RMB80 with 

90% chance and receiving RMBIOO with 10% chance (Option B). We classify 

subjects as cxpccted utility type if they choose cither A or B in both pairs as implied 

by the independence axiom. Otherwise, wc classify subjects as being Allais type if 

ihey exhibit the choice pattern - choose A in the H pair and choose B in the L pair — 

which imply that their indifference curves fan out in the probability triangle, i.e., 

satisfies Machina，s (1982) Hypothesis 11. Given the significant loss amount involved, 

this task was not incentivizcd. 

Ambiguity Aversion and Familiarity Bias 

Most experimental studies on the original Ellsbcrg paradox involve choosing 

between betting on the um with known probability distribution and betting on that 

with unknown probability distribution. Betting correctly in either case would pay the 

same. It is found that people tend to bet on the um with known probability 

distribution (see, e.g., Camerer and Weber, 1992). In order to generate a more even 

split of individual difference between those preferring to bet on the "known" urn 

versus those preferring to bet on the "unknowri" um, we increase the payoff 

associated with belting on the unknown um. This calls for a judicious choice of a 

threshold difference. In the ambiguity aversion task (GAME SIX in Appendix I), 
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subjects choosc between betting on a "known" deck consisting of 10 red cards and 10 

black cards, and an "unknown" deck consisting of 20 cards without knowing the 

composition of the red and black cards. For the known deck，a correct bet pays 

RMBIO. For the unknown deck, a correct bet pays RMB12 with an increase of 

RMB2 as a result of pretests. 

In the original experiment on familiarity bias in Fox and Tversky (1995), the 

bet is on whether the temperature in San Francisco/Istanbul is above or below a 

specific temperature. In our design, subjects choose between betting on whether 

Beijing temperature at a specific historical day would be odd or even, and similarly 

betting on Tokyo temperature (GAME SEVEN in Appendix I). Our design induces 

the same objective probability (Machina, 2004) of one half for odd versus even 

regardless of the city chosen. To generate an even split between those betting on 

Beijing and those betting on Tokyo, betting correctly on Beijing temperature pays 

RMBl 1 which is RMB2 less than betting on Tokyo temperature. 

Impatience and Hyperbolic Discounting 

In experimental studies, binary choice is a commonly used method to elicit discount 

rates in which subjects choose between a smaller and more recent reward versus a 

larger but more delayed reward. Other methods include matching tasks, rating tasks, 

and pricing tasks (sec, e.g., Frederick, Loewenstein, and 0 ' donoghue, 2002). Our 

study makes use of a simple hypothetical choice task (GAME EIGHT in Appendix I). 

In Situation 1, subjects choose between getting RMBl00 today (A) and getting 

RMBl20 seven days later (B). In Situation 2，subjects choose between getting 

RMBl00 91 days later (A) and getting RMBl20 98 days later (B). If subjects choose 

A in the first case, they arc impatient. If in addition they choosc B in Situation 2, 

they exhibit hypcrbolic discounting behavior. For these tasks, wc used a 

questionnaire. 

Anticipation and Dread 

Wc adopt a similar design as in Loewenstein (1987) for timing-of-consumption 

preference with both desirable and aversive outcomes: having dinner with the movie 

star of one's choice, and receiving a non-lethal elcctric shock (GAME NINE and 

TEN in Appendix I). Subjects were asked whether they prefer to have the dinner 

today or three days later. If they choose 3 days later, wc classify them as 
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experiencing anticipation. Subjects were asked whether they prefer to receive a non-

lethal electric shock today or 6 months later. If they choose today, we classify them 

as exhibiting dread. For these tasks, wc used a questionnaire. 

Hopefulness and Anxiousness 

We adopt a similar design as in Chew and Ho (1994) and Lovallo and Kahncman 

(2000) for the timing of uncertainty resolution (GAME ELEVEN and TWELVE in 

Appendix I). In one task, subjects state whether to delay the resolution of uncertainty 

about the gender of the baby by paying RMB2 under the supposition that one of 

his/her relatives is pregnant. We classify the subjects as experiencing hopefulness if 

they prefer to pay to delay the resolution of uncertainty. In another task, subjects 

stale when they prefer to pay RMB2 to resolve uncertainty immediately on the 

prospect of receiving RMB1000 with 90% chance and receiving zero otherwise 

versus waiting until two weeks later to resolve this uncertainty. If they choose to 

resolve now, we classify them having preference of anxiousness, although there may 

be some value for planning. For this task, wc used a questionnaire. 

3.3 Definitions of Variables and Summary Statistics 

Appendix II defines experimental measures of preferences. All variables are 0-1 

dummy variables and arc all self-explanatory. The summary statistics of variables are 

reported in Tables la and lb. Tabic la first reports the individual's education levels 

and other socioeconomic variables. The educational attainments are categorized into 

five levels. The first three are general education. The next two are professional 

education. Wc use education levels rather than years of education bccausc education 

years between high school and technical school are incomparable. In other words, 

education year is not a cardinal variable in the Chinese education system. 

Specifically, in China, the student faces two choices after graduating from middle 

school: technical school or high school. If the student enters into technical school, 
4 

she will get four ycars^of elementary profession education and then go to work. If the 
r* 

student enters into high school, she will get three years of general education and then 

take the college entrance examination. If she passes the examination, then she goes to 

collcgc. Otherwise, she will go to work. Since the high school education is 

examination oriented, few technical school graduates will take the college entrance 

15Appendix III depicts the Chinese education system. 

、 
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examination. The qualitative difference between technical school and high school is 

confirmed by Li, Liu, and Zhang (2011). Using the CATS data, they find that the 

economic return to high school education is much lower than the economic return to 

technical school. The return to high school education is bounded between 4.0-4.5 

pcrccnt. In contrast, the return lo technical school education is bounded between 

20.6-22.5 percent. Finally, we group the primary school and middle school together 

and treat them as a baseline group because there are very few individuals who have 

only primary education. 

Wc arc using a relative old adult twin data set because the mean of age is 46. 

The minimum age in this sample is 28. Thus, it is safe to use the education 

attainments in the CATS of 2002 because all twins had graduated from colleges in 

2002 if they attended colleges. Only 47% of the individuals are ma les . In the OLS 

regression, we also include parental education levels to check how the family 

background affects individual's preferences. By comparing the OLS estimates 

without parental education levels, OLS estimates with them, and within-twin-pair 

fixed-effects estimates, we are able to infer how the family background and 

individual heterogeneity affect adult preferences. 

As a robustness check, we include birth weight to control for prc-birth 

differences between the twins .To detect the channels by which education affects 

preference, wc include family annual income and health into the regression 

equation. It has concluded that education attainments increase incomes and 

demonstrated that higher educated people have better health (Grossman, 1975). Since 

incomes and health may also affect preference, we try to find whether education 

affccts preferences through incomes or health. 

Tabic lb reports the summary statistics for the experimental measures of 

preferences. The last column of Tabic lb gives the percentage of within-twin-pair 

variation to the total variation for each preference variable. Wc find that the within-

twin-pair variations account for about one third to one half of the total variations for 

all preference variables, ranging from the lowest 34.50% to the highest 54.39%. 

"'All twin siblings in the data are of same gender. 

口Recently, it is found that birth weight affects a scries of short- and long-run individual outcomes, 

including health, academic performance, education attainments and earnings (Behrman and 

Rosenzweig, 2004; Almond, Chay, and Lee, 2005). 

'"in CATS, the self-reported health status is rated into 5 levels. They are poor, fair, good, very good, 

and excellent. We categorize health into a dummy variable. It equals one if the individual reported the 

health status good, very good, or excellent. Otherwise, it equals zero. 
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4 Empirical Strategy 

Our empirical analysis focuscs on the estimation of the following equations that are 

given as 

= or + + X j + + /î  + f,,, (1) 

少 2, = « + E i P + + + /i, + 6’2,， （2) 

where y., ( j = 1,2) is the experimental measure of preference of the first and second 

twin in family / E ,̂ ( j - 1,2) is a vcctor containing dummies of education levels 

for twin j in family / ； X. is the set of family background variables that arc 

observable and varying across families but not across twins; Z” (7 = 1,2) is a set of 

observed variables that vary across the twins, /i, represents a set of unobservable 

variables at the family level that may also affect preferences. 

The OLS estimate of the educational cffect on preference in Equation (1) (or 

Equation (2))，/?, is generally biased. The bias arises bccause normally we do not 

have a perfect measure of which is very likely to correlated with E” and Vy, 

simultaneously. Thus, we apply a within-twin-pair fixed-effects estimator for twins 

which is based on the first difference between (1) and (2), 

少,/ - yi, = (E、, 一 El、P + — z^,)S + £“一 (3) 

Both observed and unobserved family cffccts, i.e., X. and /i, are differenced out in 

Equation (3). Because has been removed, we can apply the OLS method to 

Equation (3) without worrying about bias being caused by the omitted variable of /î  • 

It is notable that the identification assumption of Equation (3) is that the 

differences in within-twin-pairs educational attainments arc resulted from random 

deviations from the optimum schooling level in the same family. In other words, the 

within-twin-pair differences in schooling levels are uncorrelated with any omitted 

variables, which may affect the preferences formation in the future. The assumption 

of within-twin-pair random deviation from optimal schooling with the within-twin-

pair fixed-effects estimator has been extensively examined and discussed in 

19 Since all experimentally measured preferences (dependent variables) are dummies, a logit model 

would seem to be a natural choice. However, a linear probability model facilitates our within-lwin-pair 

fixed-effects estimation and the interpretation the estimated coefficients. 
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Ashcnfcltcr and Rouse (1998). We will systematically examine the robustness of the 

within-twin-pair fixed-estimates in Scction 6 below. 

There is a concern about the small sample size of our adult Chinese twins. 

The small sample size containing only a total of 140 subjects casts doubts on the 

validity of classic tests. Classic statistical tests such as those based on the t- and 

厂一 statistics hinge on central limit theorems. These statistics are only asymptotically 

valid. Micceri (1989) makes an extensive survey concluding that classic testing 

slatislics may be unreliable when the sample size is small. We address the potential 

problem of small sample size using the permutation-based inference procedure which 

is valid in small samples (Freeman and Lane, 1983; Heckman et al., 2010). 

Specifically, the permutation tests are based on Monte Carlo simulations. All 

reported t - statistics below are computed using 3,000 draws under the random 

permutation procedure. 

5 Education and Preferences 

This section reports and discusses our estimation results. Wc present successively the 

estimated effects of education on decision making under risk and uncertainty and on 

decision making involving time. 

5.1 Education and Decision Making under Risk and Uncertainty 

Tables 2 reports both the OLS estimates and within-twin-pair fixed-effects estimates 

of education and fourfold pattern of risk attitudes.. As discussed above, wc 

categorize educational attainments into four groups. The group of middlc-school-

and-below is the baseline group which is omitted from the regression equation. The 
\ 
t 

estimated coefficients on the three educational groups remaining in the regression 

equation are relative to the omitted group of middle-school-and-bclow, respectively. 

Columns (1)-(3) report the estimation results with risk attitude toward moderate 

prospects. From the OLS estimates in Column (1)，wc find that higher education 

increases risk tolerance marginally, although the estimates are statistically 

insignificant. Controlling for father and mother's educational levels, Column (2) 

reveals an increase in the magnitude of the estimated coefficients on technical school 

and collcge level experience. In Columns (3) of the within-twin-pair fixcd-effccts 

estimation, both observed and unobserved family characteristics arc swept out. In 

this case, we find that the education level at collcgc-and-abovc substantially 
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increases risk tolerance toward moderate prospects, and the estimate is statistically 

significant. 

Column 2 of Tabic A1 in Appendix IV shows that the effects of father's 

education arc opposite thai of mother's education on risk attitude toward moderate 

prospect. Father's education increases risk tolerance while mother's education 

decreases it. This finding may help rationalize a bargaining or a collective household 

model rather than a unitary household mode丨 involving a dictator or a dominant 

preference in the family.^' From the magnitudes of the estimated coefficients, the 

negative effect of mother's education seems lo dominate the positive effect of father's 

education on child's risk attitude toward moderate prospects..This result is echoing 

Behrman and Roscnzwcig (2002) who found that mother's education is more 

important in determining the education of the second generation than father's 

education. Wc find that mother's education seems to be more important in shaping 

children's preference formation. 

Columns (4)-(6) of Table 2 report the estimation results with risk attitude 

toward moderate hazards. Similar lo the results with moderate prospect, the within-

iwin-pair fixcd-effects estimates in Column (6) indicate that the education level of 

collcgc-and-above significantly increases subjects' risk tolerance for moderate 

hazards. It is noted that, in Columns (4)-(5) of Tabic Al in Appendix IV, the age 

clTcct on risk attitude toward moderate hazards seems nonlinear. Age increases risk 

tolcrancc in the beginning, and then declines with old age. This nonlinear pallem of 

age effect exists also in the estimation of risk attitude toward moderate prospccls 

(Columns (1 )-(2) of Table A I), although the estimated coefficients arc only 

marginally significant. The estimated nonlinear relationship between age and attitude 

toward moderate risks may help reconcile a controversy in the literature. For 

example, Harrison ct al. (2008) found that risk aversion decreases as age increases， 

while Dohman ct al. (2009) observed that the willingness to take risks is negative 

related to age. 

Columns (7)-(12) report the estimates relating to altitudes toward longshot 

prospects and longshot hazards. Similar to the effects on moderate prospccls and 

moderate hazards, the fixed-effects estimation results in Column (9) show that the 

To save space, we have only reported the estimated coefTicients on education levels in the paper, 

while the estimated coelTicients on other variables are reported in Appendices IV and V. 

“For a survey, see, e.g., Behrman (1997). 
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education level of collcgc-and-above significantly increases risk tolerance for 

longshot prospects. On the contrary. Column (12) does not show a significant effect 

of education on people's risk attitude toward longshot hazards. 

Tabic 3 reports both the OLS and within-twin-pair fixed-effects estimates of 

education and decision making anomalies under risk and uncertainty. We first look at 

the estimation results with Allais-typc behavior in Columns (l)-(3). It is interesting 

to find that more educated persons arc more likely to exhibit Allais-type behavior. 

The within-twin-pair fixed-effects estimate is statistically significant for the group 

with collcgc-and-abovc education. Columns (4)-(9) present the estimated results with 

ambiguity aversion and familiarity bias. Comparing with the baseline group with 

middle-school-and-bclow education, the fixed-effects estimates in Columns (6) and 

(9) show that more educated people are consistently more ambiguity averse as well 

as more biased toward familiarity. Interestingly, the effect of education on ambiguity 

aversion and familiarity bias seems to be nonlinear. The group with high school 

education is estimated to exhibit the strongest ambiguity aversion and familiarity 

aversion. It is noted thai, in Column (17) of Tabic Al in Appendix IV, the effect of 

father's education on the child's familiarity bias is opposite to that of mother's 

education. Father's education decreases the child's familiarity bias, while mother's 

education increases it. The finding further supports a bargaining or collective 

household model rather than a unitary household model. 

Summarizing Tables 2-3，we first conclude that education increases subjects' 

risk tolerance toward moderate prospects, moderate hazards, and longshot prospect. 

Second, more educated people are more likely to deviate from the prediction of the 

cxpccted utility theory. They arc more likely to display Allais-typc behavior, 

ambiguity aversion, and familiarity bias, suggesting that people with higher levels of 

education seem more anomalous in risk attitudes. Finally, the big differences 

between the OLS estimates and within-twin-pair fixcd-cffects estimates for each 

prcfcrcncc measure in Tables 2-3 confirm that it is important to control for the cross-

family heterogeneity.22 The results suggest caution in interpreting the OLS estimates 

of education and decision making under risk and uncertainty as causal. 

However, the small sample size limits our further effort to explore the statistical significance with 

respect to the differences between OLS and fixed-effects estimates. 
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5.2 Education and Decision Making Involving Time 

The OLS and within-twin-pair fixed-effects estimates of education on decision 

making involving time are shown in Table 4. From Column (3)，we first find that 

subjects with collcge-and-above education arc significantly more patient than other 

groups. In addition, Column (6) shows that the group with college-and-above 

education is less likely to exhibit hyperbolic discounting. In other words, their 

decisions are more likely to be time consistent.^^ It is interesting to note, from 

Columns (1)-(2) and (4)-(5) in Table A2 of Appendix V, that males arc more patient 

and less disposed to exhibiting hypcrbolic discounting than females. The estimated 

coefficients on gender (a male indicator) arc highly significant. On anticipation, 

Column (9) in Tabic 4 shows that education does not have a statistically significant 

cffcct. By contrast, Columns (12) and (15) in Table 4 indicate that having more 

education significantly decreases both dread and hopefulness. Finally, subjects with 

collcge-and-above educational attainments arc less likely to be anxious, though the 

estimates are statistically insignificant (Column (19)). 

In summary (see Tabic 4), in terms of the signs of the estimated coefficients, 

the within-twin-pair fixed-efTccts estimates show that education decreases 

impatience，hypcrbolic discounting, dread, and hopefulness, as well as anticipation, 

with anxiousness being the only exception. While education seems to increase 

anticipation, its fixed-effects estimate is statistically insignificant. In contrast to 

decision making under risk and uncertainty, people with higher level of education 

tend to exhibit less "bias" preference regarding time. Table 4 also indicates that there 

arc big differences between OLS estimates and within-twin-pair fixed-effects 

estimates regarding decision making involving time. This finding corroborates the 

importance in addressing the causality between education and preferences. 

6 Robustness 

This scction reports the results from several robustness tests. To deal with potential 

measurement errors with educational attainments, wc first conduct an instrumental 

variable estimation. Second, to examine possible biases with our within-twin-pair 

fixcd-cffccts estimates induced by omitted variables, we conduct the estimation 

controlling for pre-birth endowment of birth weight and restricting our sample to MZ 

2-、There are 95% of the subjects who exhibit time inconsistency are practicing hyperbolic discounting in 

our experiment. 
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twins. Third, wc estimate the effccts of educational attainments on preferences 

controlling tbr income and health. Fourth, wc chcck the possibility of reversal 

causality. Finally, wc examine any remaining potential biases of our within-twin-pair 

fixcd-clTects estimates. 

6.1 Measurement Errors 

The mcasurcmcnl error problem is a primary concern with the within-twin-pair 

llxcd-elTects estimator (Ashenfeller and ICrucgcr, 1994). The classical measurement 

error in education leads to a downward biased (in terms of absolute value) estimate. 

The fixed-cfTccls model exacerbates such measurement error bias. This essay follows 

Ashenfcllcr and Krucgcr (1994) to obtain good instrumental variables to deal with 

possible measurement error problem. Specifically, in the CATS we asked cach twin 

to report both their own education and their co-twin's education. If there is a risk of 

measurement error in the self-reported education，the cross-reported education is 

potentially a good instrument. The reason is that the cross-reported education should 

be corrclalcd with the true education of a twin but uncorrclatcd with any 

measurement error that might be contained in the self-reported one. 

The instrumental variable approach is applied as follows. Denote for twin 

k report of twin J's education level. Wc can then use - E\ to instrument 

/:,' - E； in Equation (3). This approach is valid in the presence of common family-

spccific measurement error because family effects are eliminated in the wilhin-lwin-

pair dilTcrcnce. However, as Ashenfeltcr and Krucgcr (1994) demonstrated, the 

measurement error term in - E\ and that \n El - El may be correlated. In this 
t 

case, the instrumental variable estimate using E^ - E[ is also biased. This 

consideration motives us to use E\ - E\ as the regressor and A? - E； as the 

instrumental variable. This method is valid even in the presence of correlated 

measurement errors bccausc the individual-specific component of the measurement 

error in the estimation is swept out. 

Before dircctly going to the IV estimates, we have compared the individual's 

self-rcporlcd education with co-twin's reported. It is found that there arc only six 

individuals among the whole sample whose scir-reportcd educations arc different 

from those reported by co-twins. It means that the potential rate of misrcports of 
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education is only 4.29%, which is lower than the misrcport rate in Ashen feller and 

Krucgcr (1994). Considering the low misrcport rale, wc cxpccl that the IV estimates 

will not be tnuLh different from I he within-twin-pair fixcd-clTccts estimates reported 

in I he previous scction. This prediction is confirmed by Tabic 5, which reports the 

instrumental variables wilhin-lwin-pair fixcd-clTecls estimates of education and 

prcleiences. From this table, we find that the pattern of the education effects on 

various prcfcrcnccs still remains. In summary, our within-twin-pair fixcd-etTecls 

estimates of the education effects on prcfcrcnccs are robust to the measurement 

errors problem. 

6.2 Oinilled Variables 

Although twin siblings share similar family environment, there may still exist 

unobscrvablc hclcrogcncity across them. For example, twin siblings may be dilTcrcnl 

in womb nutrition intakes and thus there arc different birth weights across Ihcm. 

Rcccnt studies find that birth weight affects a series of short- and long-run outcomes 

such as health, education, and income (Behrman and Rosenzweig, 2004). Therefore, 

wc include birth weight to control for pre-birth endowment as a robustness lest. It is 

also interesting to examine the cffccts of birth weight on prcfcrcnccs. Table 6 reports 

I he within-twin-pair fixed-etTccts estimates controlling for the variable of birth 

weight. It is found that the estimated effects of educational attainments on 

prcfcrcnccs arc very similar to those in Tables 2-4, indicating that our results arc 

robust to the inclusion of birth weight as a control variable. In Table 6, wc also find 

that birth weight docs not have a statistically significant effect on preferences, which 

may be due to the small sample size. 

Bccausc of the small sample size, wc have included both the MZ and DZ 

twins in our estimation above. Although DZ twins share identical family 

environment, they only share half of the gcnctic endowments. Thus, it may be argued 

that ihc within-twin-pair fixcd-effccts estimation is not so dean. Table 7 reports ihc 

within-twin-pair fixcd-cffccts estimates when wc restrict the estimation sample to 

MZ twins only. Although there arc only thirty six pairs of MZ twins, the pattern ol" 

ihc cffccts of educational attainments on prcfcrcnccs in the basic estimation remains 

similar to thai reported in the previous scction. Despite the small sample size, the 

cducalion level at collcgc-and-abovc significantly increases the risk tolcrancc toward 

moderate prospccl and decreases impaticnce. 
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6.3 Rslimalcs Controlling for Income and Health Status 

It has been argued that socioeconomic variables such as incomes and health affccl 

preferences. During the same lime, education affccts income and health. Thus, wc 

have also included income and health into the regression equation to check whether 

llic effects of education on preferences arc through income or health. Tables 8-9 

report the wilhin-lwin-pair fixcd-cftccls estimates of educational attainments on 

prcTcrcnccs by controlling for income and health, respectively. We find thai the 

pattern of the estimates of education attainments has changcd litlle after controlling 

for these two variables. 

6.4 Reversal Causality 

Another potential problem with our within-twin-pair fixed-cffccts estimates is 

reversal causality bias. Although the unobscrvabic family factors and individual 

heterogeneity may have been well taken care of by using the within-twin-pair fixcd-

clTccts estimator, there may be a reversal causality problem running from prcfcrence 

lo educational attainments. However, our within-twin-pair fixed-cffccts estimates are 

less likely biased by the reversal causality problem. Chronologically, on the one hand, 

preferences are experimentally measured at, on the average, 45 years old, while 

education was normally finished before age 22 ibr all subjects in our data set. On the 

other hand, bccausc twin siblings, in particular MZ twin siblings, share common 
* 

family background and genctic endowments, they may be unlikely to have 

dilTcrcnccs in prcfercnccs in the early stage of their life that may have affcctecl their 

educational attainments. The small sample size restricts our efibrt to further address 

Ihc possible reversal causality problem.24 

6.5 Potential Biases of Within-Twin-Pair Fixed-Eflects Estimates 

Ashenfeltcr and Rouse (1998) emphasized that there are no genetic differences 

between identical twins except measurement errors. They argue that dilTerent 

"schooling levels of identical twins arc due lo random deviations that arc not related 

to the determinants of schooling choiccs. However, within-twin-pair estimation may 

not completely eliminate the bias of conventional cross-sectional estimation, 

Re-schooling may be a potential threat to our within-twin-pair fixed-clVecls estimator because 

prefcrcnce at the uclult stage may affect the subject's re-schooling choice and education level. However, 

wc find that there are only 4 subjects in our sample (140 subjects) who had received education after 

age 25. 
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although our within-twin-pair fixcd-effects estimates are consistently robust in a 

series of sensitive analyses above. The reason is that the within-twin-pair difference 

in ability may remain in in Equation (3), which may be correlated with 

E’，- . If endogenous variation in education comprises as a large proportion of the 

remaining within-twin-pair variation as it docs of the cross-sectional variation, then 

within-twin-pair estimation is subject to as large an endogeneity bias as cross-

scctional estimation. The potential endogeneity of schooling differences between 

twins corresponding to remaining unobserved differences in ability or personality 

may exist in our fixed-effects estimates despite the common genetics or they may 

result from with-MZ twins different experiences. Thus, the major concern of the 

within-lwin-pair estimate is whether it is less biased than the cross-sectional estimate, 

and is therefore a belter estimate. 

Note that the bias in the cross-scctional estimator depends on the fraction of 

variance in education that is accounted for by variance in unobserved ability that may 

COV(£* IJ + ) 
also alTccl earnings, that is, ‘ ‘― . Similarly, the ability bias of the fixed 

var(£；) 

cfleets estimator depends on the traction of within-twin-pair variance in education 

that is accounted for by within-twin-pair variance in unobserved ability that also 

affects earnings, that is, cov(Afi’A代 + Ag,)置『出。endogenous variation within a 
var(A£",) 

family is smaller than the endogenous variation between families, the fixed effects 

estimator is less biased than the cross-sectional estimator. In that case, we can crcdit 

that the within-twin-pair estimates arc better than OLS estimates. 

Ashcnfcltcr and Rouse (1998) suggested a correlation analysis to examine 

whether the within-lwin-pair estimate is less biased than the cross-sectional estimate. 

Using the CATS data, Li ct al. (2011) conducted a correlation analysis similar to that 

of Ashcnfelter and Rouse. They use the correlations of average family education over 

cach twin pair with the average family characteristics that may be correlated with 

individual heterogeneity to indicate the expected omitted bias in a cross-scctional 

OLS regression. They then use the correlations of the within-twin-pair differences in 

education with the wilhin-twin-pair diffcrcnccs in these characteristics to indicate the 

cxpectcd omitted bias in a within-twin-pair regression. If the correlations in the 

cross-sectional case arc larger than those in the within-twin-pair ease, then the bias in 
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the cross-sectional regression is likely to be larger than the bias in the within-lwin-

pair regression. Li ct al. found that the between-family correlations arc all larger in 

magnitude than the within-twin-pair correlations，suggesting that the within-twin-pair 

estimation of the return to education may indeed be less affected by omitted 

individual heterogeneity than the cross-sectional OLS estimation.^^ Given that we 

also use the CATS data，Li et al. provided suggestive evidences that our within-twin-

pair fixed-effects estimates are less biased than cross-sectional OLS estimates. 

7 Discussion and Concluding Remarks 

The essay utilizes both survey and experimental data and provides a systematic 

empirical study of the effect of education on two dimensions of preference - risk and 

time. To control for unobserved family environment and to minimize individual 

endowment heterogeneity, wc conduct a number of economic experiments on adult 

twin pairs and use within-twin-pair fixcd-cfTects estimators to carry out the 

identification of the effect of education on preferences. Our fixcd-cfTccts estimates 

indicate that people with higher level of education arc less risk averse toward 

moderate prospccts, moderate hazards, and longshot prospccts. These findings are in 

line with previous findings about risk attitude and cognitive ability (Dohmcn ct al., 

2010; Benjamin ct al.，2006; Burks ct al., 2009) and extend the findings to moderate 

hazards, and longshot prospects. In relation to decision making anomalies under risk 

and uncertainty，we find that more educated people tend to be more disposed to 

exhibit Allais-typc behavior and longshot bias. The within-twin-pair fixed effects 

estimates of education and prefcrcncc in decision making under risk and uncertainty 

may contribute to our understanding of the relationship between education and 

socioeconomic well-being. One reason is that risk altitudes toward uncertainty 

underpin a wide range of economic behavior, such as portfolio choicc and insurance 

purchase, which have long-term economic conscqucnces for individuals. 

In terms of preference involving time, our findings suggest that people with 

higher education will tend to be more patient and exhibit less hyperbolic discounting. 

Time preferences, in particular time consistency, arc essential in dynamic economic 

decision making. Our estimated effects of educational attainments on time 

preferences have important implications in economics. They can help cnhancc our 

•’’5 Tabic A3 in Appendix VI cites the between-families and within-twin-pair correlations of education 

and other variables in Li ct al. (2010). 
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understanding of the relationship between education and socioeconomic well-beings. 

It is found that time preferences are correlated with economic behaviors such as 

investment, consumption, and saving, and with health related behavior such as 

physical cxcrcisc and smoking. In addition, the within-twin-pair fixed-effects 

estimates of education on time preferences may suggest a bridge between two strands 

of macrocconomic models, namely, the endogenous growth model stressing human 

capital accumulation and the dynamic macrocconomic model stressing lime 

consistency. Furthermore, these findings accord well with intuition which underpins 

the so-called Save More Tomorrow prescriptive savings program (Thaler and 

Bcnartzi, 2003) to increase the saving rate. 

The contrast between the more anomalous decision making behavior under 

risk and uncertainty and the less anomalous decision making behavior over time 

suggests that Ihcy may have distinct underlying mechanisms. If anomalies rcflcct the 

limitation of cognitive ability, increased understanding of anomalies ought to 

increase the frequency of the "truly" normative response (Savage, 1954), and 

decision making may even call for prescriptive policies lo correct their own behavior. 

Wc find substantial differences between the OLS estimates and within-twin-

pair fixcd-cffccts estimates for each preference in our study. The results suggest that 

the OLS estimated correlations between education and preferences arc far from 

causal effects. Although the relationships between demographic and socioeconomic 

variables, cognitive and non-cognitive skills, and risk attitudes have been extensively 

studied in the literature，�^ the issue of causality has rarely been addressed. 

There remains a general question about determinants of preference: nature 

versus nurture. The emergence of neurocconomics over the past decade has 

contributed to a ftirthcr advance in behavioral economics as well as in experimental 

economics in going beyond psychological considerations in modeling and beyond 

revealed choice in testing implications of different models (Camcrcr et al., 2005). 

Rccent twin studies suggest that genetics may contribute significantly to economic 

risk attitude (Ccsarini el al., 2009; Zhong cl al., 2009a) as well as altruistic giving in 

a dictator game (Cesarini ct al., 2009). At the same time, association studies have 

been reported between wcll-charactcrizcd functional genes and risk attitude in 

Carpenter et al. (2009), Crisan ct al. (2009), Dreber & Apicella (2009)，Kuhnen & 

'''Reler lo Section 2 of the literature review. 
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Chiao (2009), Roc ct al. (2009)，and Zhong et al. (2009b,c), as well as altruistic 

giving in the dictator game (Knafo et al., 2008; Israel et al , 2009)，and reciprocal 

fairness in the ultimatum game (Zhong ct al., 2010). Our essay reveals additional and 

direct cvidcncc about an important factor, namely education, in preference formation. 

Naturally, it would be of interest to further explore the interaction between gcnctic 

and education or the interplay between nature and nurture in future studies. Given 

our findings about the malleability of preferences by education, the individual's 

preference may be treated as a kind of human capital which could be shaped by 

various inputs through a production technology. 

While this essay seems to be, to our knowledge, the first study exploring the 

causal cfiecl education on preferences，it has its own limitations. A main limitation 

of our research is the small sample size of 140 subjects (70 pairs of twins). As a field 

experiment on adult twins, 140 subjects seem moderate in terms of size. Follow up 

research using larger sample ought to help us in uncovering more robust findings. 

We plan to include more adult twins in designing subsequent field experiments in the 

future. 

Finally, this essay, as an empirical study, does not attempt to model the 

mechanism through which education affects individuals' decision making under risk 

and uncertainty and involving time. We envisage that the empirical findings in our 

essay will inspire further research to explore the theoretical ground of the interaction 

between education and preference formation. 
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‘ Table la: Summary Statistics of Educalional Altainmenis and other Variables 

Variables # Obs. Mean S.D. 

Education level 

Primary school 140 0.06 0.25 

Middle school 140 0.19 0.40 

Migh school 140 0.35 0.48 

Technical school 140 0.16 0.37 

College-and-above 丨 40 0.23 0.42 

Parental education level 

Father primary school 140 0 46 0.50 

l:ather middle school 丨 40 0.22 0.42 

Father high school 丨40 0.09 0.28 

Father technical school 140 0.04 0.19 

Father college-and-above 140 0.19 0.40 

Mother primary school 140 0.64 0.48 

Mother middle school 140 0.16 0.37 

Mother high school 140 0.09 0.28 

Mother technical school 140 0.07 0.26 

Mother college-and-above 140 0.04 0.20 

Control variables 

Age 140 45.74 11.93 

Male 140 0.47 0.50 

Birth weight (kg) 140 2.47 0.73 

Family annual income (RMB 1000) 140 22.51 丨 8.04 

Health indicator (good=l) 0.50 

、 
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Table lb: Summary Statistics of Experimental Measures of Preferences 

Variables # Obs. Mean S.D. Min Max ,。within twin 
variation 

Decision Making under Risk and Uncertainty 

Moderate prospect 140 0.64 0.48 0 1 37.33% 

Moderate hazard 140 0.73 0.45 0 1 44.42% 

Longshol prospect 140 0.57 0.50 0 I 40.83% 

Longshot hazard 丨28 0.57 0.50 0 丨 36.66% 

Allais-type Behavior 122 0.18 0.38 0 1 44.37% 

八mbiguity aversion 140 0.62 0.49 0 1 44.02% 

Familiarity bias 140 0.79 0.41 0 I 50.91% 

Decision Making Involving Time 、 

Impatience 140 0.54 0.50 0 1 47.39% 

Hyperbolic discounting 140 0.23 0.42 0 1 52.65% 

Anticipation 130 0.43 0.50 0 1 34,50% 

Dread 136 0.73 0.45 0 1 42.69% 

Hopefulness 128 0.41 0.49 0 1 35.62% 

Anxiousness 140 0.76 0.43 0 1 54.39% 

Note: Appendix 1 and II give experimental instruction and variable construction. The last column 

gives the percentage of within-twin-pair variation to the total variation for each preference variable. 
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Appendix for Essay One 

:3arly Health Shocks, Parental Responses, 

and Child Outcomes 
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1 Comparative Statics of the Effects of an Early Health Shock on 

Parental Investments with CES Production Technology 

111 the paper, we assiune a Cobb-Douglas functional form for the technology of production of health 

and cognitive skills in the second period (Equations (19)-(20)). Here we derive the comparative 

static results assuming the following more general CES functional form: 

< " 2 二 {7(权 /A)幼+ ( 1— 7 ) ( 2 ) 

where < 1, and it measures the complementarity or substitutability between and 权 ( l l ^ j 

in producing 0!(2, and between aiid (/f!) m producing 9̂ 2- When • —> 0, we are back to 

Equations (19)-(20) in the paper. The rest of the maximization problem is the same as before, and 

we derive the optimal investment in the health and cognitive skills of child i as: 

/ 广 = 营 v y ^ f , 一 瓷 C � 

- f … 一 � - S 略 ， ⑷ 

where: 

0 ‘ 二 7 _ + ( 1 - 7 耗 + ( 卿 少 . 

and W and ni are defined as before. Wc notice that there are two additional terms, and ， 

in Equations (3)-(4), in comparison to Equations (21)-(22) in the paper. The first term, can 

be interpreted as the importance of l/f̂  in producing relative to similarly, </>f measures 

the importance of in producing 0& relative to ！” We notice that the signs of d(f){̂ /d6fl̂  and 

d(t)^Idd^^ are determined by ip. Heckman (2007) argues that and Of^^ (and /^j) arc complements 

in producing and and 0& (and /尸i) are complements in producing In this case, V < 0, 

Id0[\ < 0’ and dcpf/dO Î̂  > 0. This means that an increase in the health stock in the first 
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period reduces investment in health and increases investment in cognitive skills in the second period, 

by changing the relative importance of health and cognitive skills (0p), respectively. We also 

notice that d(t>^l jdQ^^ 二 0 and d ( p � = 0 [j 关 i). This means that, although an increase in the 

health stock of child i in the first period changes the share of resources allocated to child j through 

WTTJ, it does not change the relative importance of health and cognitive skills in the production 

function, i.e.,巾^ and (ff; are unaffected. The new comparative static results for the effect of health 

ill the first period on the investment in health and cognitive skills in the second period are: 

ac (dW . ^ diu ^.c 彻？ M/ 、 ⑷ 

We notice that there are four channels through which 0-j affects 1(̂2 • As discussed in the paper, 

is a wealth effect, which is always positive, dni/dO^^^ is a price effect, whose sign is 

determined by parental inequality aversion, and -^e/l^i is what we defined a technological effect] 

the new term d ^ l ! i s instead a by-product of the CES specification of the production function 

(Equations (l)-(2)). If parents weight efficiency more than equality (p > 0) and and (and 

八 a r c complements {tp < 0), then dni/dOf̂ ^ is positive and 彻 f V 洲 i s negative. Thus, the total 

effect of 0!\ on 八“广 is indetermined. In contrast, the total effect of 巧 on {‘ is positive when 

p > 0 and t/； < 0. This is because both dW/d0{l” di^ilddW and d<f)f/de(̂ ^ are positive. 

Then, the cross effects of child i's health in the first period on investment in child j's { j 半 i) 

health and cognitive skills in the second period are: 

an (dW rr diTj …、 

啼 ac (dW c^ dnj c\ … 

* 

Rccall that 加j/洲/,i has the opposite sign as 加 ‘ / 洲 a n d that we assume ttj =冗‘’ = , 

and (f)f = before the occurrence of the health shock. ‘ 

� … X -
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Siibtrficling pairwisc equations (5)-(8), we obtain: 

洲Hi [[de(；, dodj'^'^^ / V (9) 

When efficiency out-weights equality when parents make investment decisions ( p > 0) and 

mid (and /,《i) arc complements (功 < 0), 一 射fiV洲,《1 is positive, while the sign 

of dllli" /06(̂ 1 - dljli/dOlji is imdetermined. Since an early health shock negatively affects health 

(OOl̂ i/def̂ ^ < 0), the within-twin-pair fixed-effects estimate of the effect of an early health shock 

on investment in cogiiitivg skills is predicted to be negative, while that of its effect on investment 

in health is undetermined, as determined by the trade-off between the degree of inequality aversion 

of the parents, the complementarity between investment in cognitive skills and health, and the 

substitutability between health in the first period and investment in health in the second period. 

I 

< 
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2 Derivation of the First Order Conditions 

Under the assumption of a binding budget constraint, from equation (14) we have: " 

Substituting the specific functional forms for the child quality function, the production technologies 

• and /j^i into Equation (17) in the paper, and taking the first-order derivative with rcspcct to /“” 

we obtain: 

「 2 1 ” 

U=i . 
‘ . 1 1 

• 2 — —' 1 
U=1 . 

This can be simplified to: 

c^H IpeOf^i + l3ilfA TTi 
" . M = WoOl, + (11) 

where tt* is defined as in Equation (24) in the paper. Similarly, the first order derivative with 

respect to lf[ is: 

‘‘开 . J = [mZ 十 卢 . (12) 

Summing up Equations (11)-(12) aiid using the fact that tt̂  + TTJ 二 1, we get: 

=Wy 

where W is defined as in Equation (22) in the paper. Rearranging yields: 
• 

By symmetry, rewriting: 
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and repeating the above steps, we obtain:‘ 

Along the same lines, wc obtain: 

砍 二 眾 胸 々 丨 、 . 

» 
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3 The Price Effect of an Early Health Shock 

The first order derivative of tti with respect to in Equation (24) is: 

^ v r i 錄 vy - � - 1 錄 v f 

w r ^ ^ ’ 
J 

where V*； 二 
V("i['2，昨’2) = ^ i ) is defined in Equation (18). By simple manipulation, we obtain: 

dm (VjVjr (�“仏—〜 

w 广 p 飞 ^ ， 

where e:̂  is the own elasticity of child quality with respect to health in period one, and £>),<?/� 

the cross-elastidty of child quality with respect to health in period one. It is reasonable to assume 

that ey. Qiî  > O.i In this case, the sign of the own price effect, dni/dO^^, is determined by 

the parental inequality aversion parameter p. Since tt̂  + ttj — 1, the cross-price effect, dnj/dOl^^, 

has the opposite sign as the own price effect. 

五This assumption derives from the parental utility function: if parents have symmetric preference, i.e., U{Vi,V2)= 

U{VitV\), then it is automatically satisfied. The assumption of symmetric preference is also invoked in Behrman, 

Pollak, and Taubman (1982). 
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4 The Fertility Effects of Early Health Shocks 
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5 The Distribution of Early Health Shocks 

Table 2: Distribution of Health Shocks at Ages 0-3 

# Early Health Shocks FVeq. Percent 

0 2670 91.41 

1 210 7.19 

2 38 1.30 

3 3 0.1 
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Table 4: OLS Estimates of the Determinants of Family Investments (Whole Sample) 

Health Education Clothing Parents home 

tutor 

Early health shocks 1.054*** 0.021 0.030 0 ? ^ 

10.153] [0.056! [0.086] 丨1.644) 
Birth wcight(kg): <2 0.440** -0.076 -0.079 0.004 

10.189] [0.078] 丨 0.113] |1.694] 
Birth weight(kg): 2-2.5 0.255* 0.054 -0.016 -1.860 

10.150] (0.060) [0.090] Il.315j 

Birth weight (kg): 2.5-3 0.199 -0.046 -0.052 -0.955 

10.143] [0.059) 10.087] |1.243l 

Gender (boy=l) 0.233** -0.036 -0.023 1.394* 

[0.094] (0.038) [0.0541 [0.833] 

Age -0.037* 0.088*** 0.049*** -2.062*** 

[0.021] [0.009) [0.014j 10.192] 

Bfrth order 0.182 0.040 -0.045 -0.706 

[0.264] [0.096] [0.118] 丨2.420] 
# Siblings -0.553** -0.088 -0.083 -4.084* 

[0.244] [0.089] 【0.100) [2.142] 

Mother's age 0.001 0.015*** -0.020** -0.209* 

10.014] [0.006! [0.008] [0.127] 

Mother's education 0.081*** 0.026*** 0.016 0.874*** 

[0.022] [0.0091 [0.014] [0.195) 

Per capital family income 0.045** 0.056*** 0.087*** -0.609*** 

[0.022] [0.012] [0.013] [0.198) 

Own washing machine 0.244* 0.100* 0.303*** 2.704** 

[0.130] [0.055] [0.086] [1.110] 

Own refrigerator 0.165 0.097 0.064 1.834 

[0.153] [0.065] [0.091] [1.309] 

Own cell phone 0.024 0.249*** 0.390*** 2.762** 

[0.135] [0.059] [0.0791 [1.211j 

Mother working in public sector -0.356 0.045 0.153 -1.006 

[0.241] [0.084] [0.108] [2.013] 

Rural 0.201 -0.212*** -0.009 -4.558*** 

. [0.140] [0.056] [0.081) [1.191] 

# Observations 2922 2922 2922 2902 

R-squared 0.071 0.296 0.182 0.202 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 5: OLS Estimates of the Determinants of Family Investments (Rural Sample) 

Health Education Clothing Parents home 

tutor 

Early health shocks 0.861*** 0.032 -0.068 1.112 

[0.209] 10.075] [0.147] [2.218) 
Birth weight(kg): 0.214 -0.054 -0.022 -0.889 

10.253) [0.082] [0.1381 [2.234] 
Birth weight(kg): 2-2.5 0.420** 0.040 -0.010 -2.522 

[0.185] [0.065] [O.llSl (1.644) 

Birth weight (kg): 2.5-3 0.337* -0.054 0.033 -0.948 

[0.173] [0.063] 10.112) |1.529] 
Gendor (boy=l ) 0.208* -0.054 -0.032 1.252 

[0.115] [0.043] 丨0.063] [1.043] 
Age -0.032 0.104*** 0.059*** -1.947*** 

(0.026) [0.011] [0.016] [0.248] 
Birth order 0.241 0.063 -0.096 -2.134 

[0.283) [0.108] 10.124] [2.518] 
# Siblings -0.563** -0.123 -0.060 -2.524 

[0.263] [0.104] [O.llOj 丨2.222j 

Mother's age -0.001 0.013** -0.005 -0.115 

[0.0171 [0.006] [0.009] [0.165] 
Mother's education 0.059** 0.031** 0.035** 0.945*** 

[0.028] [0.013] [0.017] [0.278] 
Per capital family income 0.067** 0.067*** 0.100*** -0.180 

[0.026] [0.015] (0.017) [0.246] 
Own washing machine 0.119 0.105** 0.184** 2.060 

0.145) [0.050! [0.081) [1.312] 
Own refrigerator -0.253 0.i07 0.153 4.624** 

[0.231] [0.077] [0.101] [2.073] 
Own cell phone 0.048 0.261*** 0.312*** 3.344* 

、 [0.183] [0.069] (0.088) [1.889] 
Mother working in public sector 0.217 0.082 0.131 -0.510 

[0.4121 [0.146! [0.158] [4.733] 
Rural 

. # Observations 1546 ‘ 1546 1546 1528 

R-squared 0.058 0.336 0.193 0.154 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 4: OLS Estimates of the Determinants of Family Investments (Whole Sample) 

Health Education Clothing Parents home 
tutor 

Early health shocks 1.163*** 0.013 0.123 0.784 

[0.217] [0.081] [0.094] [2.359j 

Birth weight(kg): <2 0.620** -0.081 -0.137 1.096 

(0.282| 丨 0.142j 10.1811 [2.600j 

Birth weight(kg): 2-2.5 0.084 0.082 0.004 -0.875 

[0.246] 10.115] 丨 0.140j |2.152l 

Birth wpight (kg): 2.5-3 0.008 -0.024 -0.137 -0.788 

‘ [0.239] 10.115] 10.1391 [2.077) 

Gender (hoy二 1) 0.258* -0.008 0.001 1.565 

10.148] [0.064] [0.0891 (1.310) 

Age -0.040 0.071*** 0.037 -2.252*** 

[0.034] [0.016] [0.0231 [0.302) 

Birth order 0.025 -0.018 0.108 4.403 

(0.756) [0.189] [0.353] [6.895] 

# Siblings -0.734 0.089 -0.232 -8.902 

(0.6931 [0.167] [0.279] [5.937! 

Mother's age 0.004 0.018* -0.035** -0:267 

‘ - (0.023) [0.010] [0.015] 10.203] 

Mother's education 0.091*** 0.021 -0.006 0.751*** 

(0.033) [0.013] [0.021] |0.274] 

Per capital family income 0,021 0.051*** 0.081*** -0.794*** 

[0.030] [0.016) 10.017) [0.268] 

Own washing machine 0.656** 0.047 0.507** 2.731 

[0.268] [0.143] [0.213) [2.105] 

Own refrigerator 0.354* 0.103 0.047 0.624 

[0.208] [0.097) [0.139] [1.749] 

Own cell phone . 0.039 0.230*** 0.407*** 2.089 

‘ [0.189] [0.088] [0.115] [1.579] 

Mother working in public sector -0.510* 0.073 0.212 -0.354 

(0.2841 【0.100] 10.129j [2.293] 

Rural , 

# Observations 1376 1376 1376 1374 

R-squared 0.090 0.159 0.138 0.180 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 
significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 7: OLS Estimates of the Determinants of Family Invest秘nts (Male Sample) 

Health Education. C loth ing Parents home 

tutor 

Early health shocks 0.838*** -0.051 -0.024 4.975* 

(0.209) [0.0871 [0.127] (2.612) 

Birth wcight(kg): <2 0.468 -0.235* -0.210 -2.006 

10.310! (0.130) [0.212] [3.097] 

Birth weight(kg): 2-2.5 0.105 -0.145* -0.093 -2.571 

(0.223) [0.080] (0.150] [2.239) 

Birth weight (kg): 2.5-3 0.0G4 -0.138* -0.051 -0.656 

[0.218] |0.078| [0.146] [2.084) 

Gender ( b o y = l ) 

Age -0.042 0.085*** 0.073*** -1.969*** 

10.033] [0.0141 [0.025) [0.3421 

Birth order 0.698 0.047 -0.071 3.090 

[0.458] (0.151) [0.203] [3.721] 

# Siblings -1.033** -0.113 -0.068 -5.654* 

[0.440j [0.141] [0.168] [3.332] 

Mother's age -0.004 0.019** -0.037** -0.172 

, [0.022] (0.0091 [0.019] [0.238] 

Mother's education 0.058* 0.036*** -0.009 “ 1.019*** 

• [0.035] [0.014] 丨0.024] [0.344) 
Per capital family income 0.019 0.035** 0.078*** -0.658** 

[0.030] - [0.0171 [0.0191 [0.286j 

O w n washing machine 0.413* 0.081 0.310** 2.735 

[0.215] [0.081] [0.145] |1.933) 

O w n refrigerator 0.299 0.208** 0.226 -0.740 

10.247] [0.102) [0.152) [2.343] 

O w n cell phone -0.151 0.180** 0.192 2.708 

. , [ 0 . 2 2 3 ] [0.085] [0.1191 [2.167] 

Mother working in publ ic sector -0.403 -0.309*** 0.209 -8.016** 

‘ [0.350) [0.118] (0.157)' [3.373] 

Rura l 0.043 -0.293*** -0.125 -6.930*** 

[0.228] [0.098] [0.123] [2.073] * . 

# Observations 1082 1082 1082 1078 

R-squared 0.072 0.324 0.172 0.184 

Source: CCTS. Notes: Each column comes from a separate regreasidn. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

• significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 9: OLS Estimates of Determinants of Family Investments (Mixed-Gender 
Sample) 

Health Educat ion Clothing Parents home 

、 
tutor 

Early health shocks 1.337*** O l ^ 0.018 -2.647 

(0.296) [0.102] [0.136) [2.669) 

. Birth weight(kg): <2 0.358 0.039 -0.123 2.904 

(0.3231 (0.1161 [0.1791 l2.524j 

Birth weight(kg): 2-2.5 0,343 0.188* -0.024 0.393 

10.288) 10.097] 丨0.163] - M2-2851 

Birth weight (kg)： 2.5-3 0.217 0.044 -0.086 ‘ 0.009 

10.270] 10.1061 [0.153] [2.1841 

Gender ( b oy= l ) 

•• Age -0.009 0.082*** 0.010 -2.134*** 

[0.037] [0.016] [0.021] (0.288) 

Birth order -0.088 0.066 0.094 -1.178 

[0.3841 [0.161] 10.184] 13.654] 
# Siblings -0.403 -0.128 -0.099 -3.629 

10.335] [0.146] [0.161】 [3.227] 

Mother's age -0.006 0.022** -0.009 -0.347* 

着 [0.027] [0.011] [0.012] [0.207j 

Mother's education 0.077** 0.020 0.048*** 1.081*** 

[0.039] [0.013] [0.018] [0.288] 

, Per capital family income 0.147*** 0.057*** 0.105*** -0.737* 

‘ [0.0401 [0.0161 [0.024] (0.382) 

‘ Own washing machine 0.118 0.097 0.253* 1.215 

[0.215] [0.105] [0.149] [1.746j 

Own refrigerator 0.185 0.081 0.068 2.391 

[0.249] [0.112] 丨 0.150] [2.013] 
O w n cell phone 0.019 0.378**\ 0.577*** 2.914* 

[0.216] [0.089] -V [0.131) [1.736] 

Mother working in public sector -0.367 0.300*** J -0.077 1.864 

、 [0.381) (0.110) [0.169] [2.7461 

Rura l 0.221 -0.119 0.135 -4.160** 

[0.2311 [0.085] [0.143] [1.889] 

# Observations 1120 1120 1120 1112 

R-squared 0.105 0.333 0.225 0.269 

番 、 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 9: OLS Estimates of Determinants of Family Investments (Mixed-Gender 

Sample) 

Health Education Clothing Parents home 

tutor 

Early health shocks 1.208*** 0.102 O l ^ -1.857 

10.375j [0.1201 [0.210) (3.281) 

Birth weight(kg): <2 0.485 0.070 0.267 -0.480 

10.373] [0.158] [0.1841 [3.954] 

Birth weight(kg): 2-2.5 0.192 0.137 0.117 -2.782 

10.291] [0.136] [0.165] [2.296] 

Birth weight (kg): 2.5-3 0.387 . -0.007 0.001 -1.211 

[0.271] [0.134] [0.156] [2.163] 

Gender ( b o y = l ) 0.088 -0.026 -0.022 0.165 

“ 10.096j [0.024j [0.021] [0.811] 

‘Age -0.052 0.095*** 0.082*** -2.073*** 

’ [0.046] [0.022j [0.026] 10.389j 

Birth order -0.044 -0.004 0.052 -4.484 

. . 丨0.658) • [0.173) [0.2701 [6.031) 
# Siblings -0.289 -0.003 -0.282 -2.719 

[0.605] [0.161] [0.205) [5.3991 

Mother's age 0.020 0.007 -0.020 -0.087 

[0.024] [0.009] [0.013] [0.219] 

Mother's education 0.092** 0.017 -0.007 0.331 

[0.043] [0.024] “ (0.032] [0.390] 

Per capital family income -0.019 0.088*** 0.081*** -0.380 

(0.046j 丨0.0251 (0.021) [0.346] 

广 O w n washing machine 0.149 0.129 0.355** 4.969** 

� ’ [0.255] [0.106] [0.151] . [2.182] 

Own refrigerator -0.139 -0.042 -0.244 5.176** 

‘ [0.313] [0,134] [0.174] (2.507] 

Own cell phone 0.196 0.130 0.468*** 3.041 

• [0.282] [0.144] [0.1711 [2.501) 

Mother working in public sector -0.460 0.185 0.468** 7.498 

[0.654] [0.271] [0.233] [4.822] 

‘ R u r a l 0.396 -0.205* -0.044 -1.189 

， [0.278] [0.115j [0.152] [2.254] 

# Observations 720 720 720 712 

R-squared ； 0.054 0.265 0.198 0.185 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 14: OLS Estimates of the Determinants of Health (Female Sample) 

— ‘ Height Weight B M I Health Hospital 

(2-score) (z-score) (2:-score) Status Visits 

Early health shocks X T ^ -0.206** -0.142 - 0 . 2 9 7 * * * 0 . 1 9 6 * * * 

10.115) [0.090] [0.107] (0.063) [0.041) 

Birth weight(kg): <2 -0.453*** -0.393*** -0.271** -0.148*** 0.063 

[0.113] (0.089j 10.109] (0.057j [0.038] 

Birth wdght(kg): 2-2.5 -0.221** -0.178** -0.062 -0.104** 0.042 

[0.094] (0.073] [0.085] |0.044) [0.030] 

Bir th weight (kg): 2.5-3 -0.142 -0.032 0.007 -0.039 0.036 

(0.088) (0.067) ‘ [0.077] [0.041| [0.028) 

Gender ( b o y = l ) -0.030 0.099** 0.158*** -0.027 0.015 

10.060] [0.048] [0.0581 [0.028] [0.020] 

Age 0.005 -0.035*** -0.073*** 0.015** -0.010** 

[0.014] ‘ (0.011) [0.013] [0.0061 [0.005) 

Birth order 0.182 0.286* 0.076 -0.044 0.018 

[0.214] [0.151] 10.174) [0.089) [0.053] 

“ # Siblings -0.441** -0.272** 0.121 0.036 -0.123*** 

10.1891 [0.135j 10.146] [0.080] [0.047] 

Mother's age 0.032*** ‘ 0.007 -0.010 -0.002 0.001 

[0.009] [0.0061 [0.009) [0.004] (0.0031 

Mother's education 0.053*** 0.028*** -0.001 -0.003 0.019*** 

[0.013] [0.010] [0.013] (0.006) [0.005j 

Per capital family income 0.039*** 0.027*** -0.004 0.020*** -0.010** 

[0.011] (0.009) [0.011] 10.0051 [0.004] . 

O w n washing machinc 0.205** 0.054 -0.082 -0.011 0.024 

. [0.088) [0.067) [0.080] [0.038) [0.027] 

Own refrigerator 0.130 0.021 -0.063 0.006 0.081*** 

(0.087) (0.070) 10.084] 10.043] [0.0311 

O w n cell phone 0.082 0.044 -0.070 0.026 -0.013 

[0.082] [0.065] [0.080] [0.040] [0.028) 

Mother working in public sector -0.038 -0.042 -0.077 0.051 0.008 

[0.128] (0.1001 10.123] (0.0631 [0.049] 

Rura l -0.431*** -0.204*** 0.128* 0.003 0.060** 

(0.082] [0.066] [0.078) [0.038] [0.028] 

# Observations 2846 2870 2822 2910 2902 

R-squarcd 0.173 0.073 0.079 0.040 0.063 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard" errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. ‘ 

» • 
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Table 14: OLS Estimates of the Determinants of Health (Female Sample) 

Height Weight B M I Health I lospital 

(^-score) (2r-score) (z-score) Status Visits 

Early health shocks ^0^81 -0.217* -0.082 -0.202** 0.078 

[0.1731 (0.123) 丨0.1451 (0.083| (0.060] 
Birth weight(kg): < 2 ‘ -0.457*** -0.271** -0.115 -0.167** 0.069 

10.158) (0.1261 [0.155] 丨0.079] 丨0.055| 
Birth weight(kg): 2-2.5 -0.415*** -0.179* 0.093 -0.103* 0.057 

10.123] 10.102] |0.115l (0.057) 10.039) 

Birth weight (kg): 2.5-3 -0.261** -0.008 0.108 -0.016 0.022 

- 10.114) [0.093] 10.106) [0.053] [0.035] 

Gender (boy-1) 0.028 0.170** 0.220*** -0.034 0.061** 

10.084] 10.068! 10.082] 丨0.036) (0.027) 
Age 0.051*** -0.010 -0.087*** 0.014* -0.009 

[0.019] (0.015) (0.019) [0.008] [0.006] 

Birth order 0.303 0.276 -0.087 -0.065 -0.027 

[0.243] [0.168] • [0.186] [0.104 丨 [0.063] 
# Siblings -0.644*** -0.319** 0.245 0.009 -0.099* 

I0.215j 、[0.152j [0.152] [0,093j [0.0561 

Mother's age 0.030** 0.012 0.003 0.005 0.001 

‘ [ 0 . 0 1 3 ] [0.009] [0.012] [0.006] |0.004] 

Mother's education 0.032 0.017 -0.009 -0.004 0.018*** 

[0.021] [0.017] [0.018] [0.009] [0.0071 

Per capital family income 0.046** 0.041** 0.006 0.025*** -0.008 

[0.019] [0.016] [0.017] [0,009] [0.0071 

O w n washing machine 0.243** 0.087 -0.048 -0.030 -0.008 

[0.111】 [0.082] 10.098) [0.045! |0.034l 

O w n refrigerator 0.175 -0.069 -0.151 0.000 0.075 

(0.137] 丨 0.116] [0.133] [0.067] [0.054] 
Own cell phone 0.300** 0.113 -0.142 0.111* -0.021 

, (0.126] [0.103! [0.130] (0.065! 10.044] 

Mother working in publ ic sector 0.367 0.283 0.118 -0.114 -0.028 

[0.304] [0.253] [0.249] |0.104] (0.119] 

Rura l 

朴 Observations 1480 1510 1490 1546 1542 

R-squared 0.144 0.053 0.067 0.047 0.047 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard" errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. ‘ 
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Table 14: OLS Estimates of the Determinants of Health (Female Sample) 

Height Weight B M I Health Hospital 

(z-scorc) (2-score) (z-score) Status Visits 

Early health shocks ^ O m -0.212* -0.202 - 0 . 3 8 2 * * * 0 . 3 0 2 * * * 

10.141] [0.123] [0.155j [0.0911 (0.051| 

Birth wcight(kg): < 2 -0.333** -0.476*** -0.452*** -0.112 0.066 

10.164) [0.124] [0.1511 [0.082] |0.055] 

Birth weight(kg): 2-2.5 0.082 -0.137 -0.256** -0.086 0.031 

[0.1451 [0.104] [0.124] |0.068] (0.047] 

Birth weight (kg): 2.5-3 O.lOr -0.018 -0.132 -0.047 0.062 

(0.137] [0.0921 10.111] [0.0641 [0.046] 

Gender ( b o y = l ) -0.071 0.033 0.086 -0.016 -0.034 

10.084) [0.066] [0.082] 丨0.042j [0.030) 

Age -0.036* -0.055*** -0.053*** 0.017** -0.010 

(0.020) (0.015) [0.020] 丨0.008丨 [0.006] 
Birth order -0.252 0.349 0.654 -0.086 0.262*** 

. [0.415] [0.403] [0.452) [0.136]^ 10.076) 

# Siblings 0.421 -0.099 -0.386 0.224**" -0.313*** 

10.340] [0.351] [0.386] [0.114] [0.045] 

Mother's age 0.033** 0.001 -0.024* -0.010* 6.001 

[0.014] [0.009] [0.013] [O.OOej [O.OCMj 

Mother's education 0.062*** 0.032** 0.005 -0.002 0.021*** 

[0.0161 [0.0131 [0.017] [0.009] [0.006] 

Per capital family income 0.040*** 0.021* -0.009 0.019*** -0.012** 

[0.0141 (0.011] [0.014] [0.007] [0.005] 

O w n washing machine 0.052 -0.032 -0.120 -0.004 0.108** 

[0.147] 10.124] [0.143] (0.071) [0.046] 

Own refrigerator 0.110 0.081 -0.001 0.033 0.062 

[0.1081 [0.087] [0.110] [0.0571 [0.039] 

O w n cell phone -0.098 -0.016 -0.010 -0.048 -0.002 

• [0.106] [0.082] [0.102] [0.052] [0.037| 

Mother working in publ ic sector -0.080 -0.084 -0.131 0.097 0.005 

[0.138] 10.110] [0.141) [0.0741 [0.056] 

Riiral 

# Observations 1366 1360 1332 1364 1360 

R-squared 0.078 0.079 0.071 0.053 0.096 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard" errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. ‘ 
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Table 13: OLS Estimates of the Determinants of Health (Male Sample) 

Height We igh t B M I Heal th Hospita l 

(2-score) (z-score) (z-score) Status Visits 

“Ea r l y heal th shocks - 0 . 3 9 4 * * * - 0 . 3 5 3 * * - 0 . 2 9 0 * * * 0 . 1 2 5 * * 

10.169] [0.133] 10.172] (0.091) [0.058] 

Bir th weight(kg): < 2 -0.381** -0.500*** -0.366** -0.131 0.103 

[0.194] (0.1501 10.185) 丨0.097] |0.068l 

Bir th weight(kg)： 2-2.5 -0.162 -0.348*** -0.263* -0.168** 0.051 

(0.148) 10.113] (0.134) [0.070] [0.051] 

B i r th weight (kg): 2.5-3 -0.095 -0.021 -0.031 -0.081 0.013 

(0.141] (0.099] 10.119) |0.068丨 10.049) 
Gender ( b o y = l ) 

Age -0.035 -0.055*** -0.084*** 0.008 -0.011 

[0.023] [0.020] [0.024] [0.011! (0.008] 

B i r th order -0.361 -0.233 -0.269 -0.207 0.049 

[0.353] [0.271] (0.2681 [0.136] [0.099) 

# Sibl ings -0.043 0.073 0.446** • 0.196 -0.125 

[0.3151 [0.243] [0.2181 [0.127]、 [0.088] 

Mother 's age 0.076*** 0.026** -0.014 0.002 -0.005 

[0.016] [0.013] [0.016] 10.008) (0.005] 

Mother 's educat ion 0.055*** 0.030* -0.009 -0.009 0.012 

[0.021] [0.017] [0.022) [0.011] l0.008j 

Per capita l family income 0.055*** 0.046*** 0.003 0.022*** -0.002 

[0.017] [0.015] [0.018] [0.008] [0.007] 

O w n washing machine 0.067 0.017 -0.036 -0.007 0.022 

[0.150] [0.113] [0.134] [0.067] [0.047] 

O w n refrigerator -0.021 -0.120 0.003 0.101 0.146*** 

[0.149] (0.117) [0.1361 [0.073] [0.052] 

O w n cell phone 0.181 0.036 -0.123 -0.008 0.023 

[0.144) [0.114] [0.141] ‘ [0.069] [0.048] 

Mother working in publ ic sector 0.058 0.092 -0.031 0.091 0.007 

[0.196] (0.160) [0.200] [0.094] [0.082] 

Rura l -0.379*** -0.129 0.185 0.057 0.135*** 

[0.1391 [0.114] (0.132! [0.064! 丨0.048] 
# Observations 1048 1054 1038 1076 1070 

R-squared 0.196 0.101 0.107 、 0 . 0 5 2 0.064 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 14: OLS Estimates of the Determinants of Health (Female Sample) 

Height Weight B M I Health Hospital 

(z-scorc) (2-score) (2-score) Status Visits 

Early health shocks ^ O A ^ -0.170 -0.027 -0.251** 0.254*** 

(0.224) (0.149] (0.190) 10.1231 [0.073] 

Birth weight(kg): <2 -0.377** -0.305** -0.180 -0.137 0.123** 

(0.185) [0.134] [0.168] [0.092) [0.057] 

Birth wcight(kg): 2-2.5 -0.049 0.007 0.063 -0.069 0.080* 

(0.164) [0.1211 [0.147] 10.079] [0.048] 

Birth weight (kg): 2.5-3 0.000 0.075 0.072 -0.046 0.098** 

[0.155] [0.113) [0.140] 10.070) [0.045] 

Gender ( b o y = l ) 

Age 0.048** -0.027 -0.074*** 0.019** -0.001 

(0.022) (0.017) [0.022] [0.009] (0.007) 

Birth order 0.415 0.651*** 0.353 0.139 -0.009 

[0.328] [0.235] [0.302] [0.132] |0.079] 

# Siblings -0.568** -0.423** -0.001 -0.116 -0.106 

[0.282] [0.205] [0.257] 丨 0.113] [0.066] 
Mother's age -0.003 0.002 0.007 -0.006 0.005 

[0.016) [6.011] 10.016] [0.007] [0.0051 

Mother's education 0.074*** 0.038** 0.018 0.014 0.022*** 

[0.021] [0.017] [0.021] [0.011] [0.008] 

Per capital family income 0.014 -0.010 -0.030 0.004 -0.009 

[0.021] [0.018] [0.022] (0.010) |0.008] 

Own washing machine 0.113 -0.062 -0.226 -0.049 0.005 

[0.143] 10.117] [0.140] [0.0631 [0.046] 

Own refrigerator 0.235* 0.145 -0.062 -0.020 0.008 

[0.142] [0.114] [0.145) « [0.067] (0.050] 

Own cell phone 0.037 0.073 -0.042 0.025 -0.025 

[0.123] [0.104] [0.131] [0.065] [0.045] 
Mother working in public sector -0.180 -0.168 -0.104 0.014 0.067 

[0.2091 [0.1481 [0.181] [0.104] [0.075) 

Rural -0.520*** -0.315*** 0.039 0.039 -0.022 

[0.134] [0.102] [0.132] [0.059] [0.046] 

# Observations 1096 1106 1088 1116 1116 

R-squared 0.194 0.095 0.074 0.032 0.082 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard" errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. ‘ 
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Table 15: OLS Estimates of the Determinants of Health (Mixed-Gender Sample) 

Height Weight B M I Health Hospital 

(2-score) (2-score) (z-score) Status Visits 

Early liealth shocks ^^0008 OOTt O O ^ - 0 . 3 7 4 * * * 0 . 2 8 3 * * * 

[0.199] [0.191] (0.189) [0.123] (0.088) 

B ir th wcight(kg): <2 -0.431** -0.185 -0.138 -0.202* -0.095 

[0.204] (0.201) [0.248] (0.107) |0.077] 

Birth wcight(kg): 2-2.5 -0.435** -0.063 0.159 -0.067 0.001 

10.179] (0.144) [0.160) 10.081) |0.056l 

. B i r t h weight (kg): 2.5-3 -0.252 -0.074 0.042 0.021 -0.014 

[0.1581 10.136] 10.148) (0.073) [0.049] 

Gender ( b o y = l ) 0.025 0.070 0.039 -0.036 0.039* 

、 [0.054] 10.044) [0.055] [0.027] |0.021) 

Age -0.003 -0.020 -0.056** 0.010 -0.018* 

[0.026] [0.021] (0.026) [0.011) [0.009] 

Birth order 0.433 0.424 0.063 -0.167 -0.129 

[0.414] 10.274] [0.2861 [0.2361 [0.124j 

# Siblings -0.607* -0.432* -0.049 0.129 -0.021 

(0.364) (0.228) [0.208] [0.210] (0.1201 

Mother's age 0.020 -0.006 -0.023 0.001 0.002 

10.015] [0.011] [0.015] [0.007] |0.005l 

Mother's education 0.020 0.012 -0.011 -0.013 0.027*** 

[0.024) [0.019] (0.024] [0.011] . [G.009) 

Per capital family income 0.050*** 0.034*** 0.006 0.035*** -0.025*** 

[0.017] [0.012] [0.014] [0.010] (0.006) 

O w n washing machine 0.470*** 0.271** 0.075 -0.004 0.048 

[0.167] [0.119] [0.145) [0.068] [0.051] 

O w n refrigerator 0.234 0.050 -0.165 -0.102 0.100* 

【0.172] [0.1351 [0.159] ' [0.084] [0.060] 

O w n cell phone -0,005 0.079 0.012 0.082 -0.064 

[0.165] [0.122] [0.1441 [0.0771 (0.054] 

Mother working in publ ic sector -0.063 -0.118 -0.052 0.076 -0.168 • 

(0.253) (0.260) [0.294] [0.137) [0.116] 

Rura l -0.393** -0.113 0.220 -0.127* 0.056 

[0.155] [0.131] [0.145] [0.072] [0.053) 

# Observations 702 710 696 718 716 

R-squared 0.169 0.074 0.075 0.091 0.117 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. . 
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Table 21: OLS Estimates of the Determinants of Academic Performance 
(Mixed-Gender Sample) 

Literature Mathemat ics Literature Mathemat ics 

. (self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.291*** -0.268*** -2.319** -3.071**~~~ 

[0.0651 [0.067] (1.093) (1.2991 

Bir th weight(kg): <2 -0.127* -0.177** -1.328 -0.831 

(0.0691 (0.0701 11.0741 (1.316] 

Bir th weight(kg): 2-2.5 -0.093* -0.125** -1.171 -0.540 

[0.0531 [0.057j 10.823j [0.995] 

Bir th weight (kg): 2.5-3 -0.059 -0.055 -1.128 -0.264 

[0.051] [0.055) [0.786] [0.934] 

Gender (boy二 1) -0.183*** -0.009 -1.931*** 0.533 

[0.035] [0.038) [0.534) 10.658] 

Age -0.037*** -0.063*** -1.595*** -1.914*** 

[0.007] [0.008] [0.127] [0.156] 

Bir th order -0.188* -0.186 -1.097 -0.979 

[0.108] (0.1151 [1.938j [2.1621 

# Siblings 0.121 0.116 0.770 1.070 

[0.099] [0.105] [1.7411 11-9551 

• Mother's age 0.000 . 0.004 0.072 -0.018 

[0.005] [0.0051 [0.088] [0.103] 

Mother's education 0.028*** 0.037*** 0.530*** 0.431*** 

[0.008] [0,008] [0.122] [0.159] 

Per capital family income 0.018** 0.019** 0.118 0.267** 

[0.008] [0.009] [0.098j [0.129] 

O w n washing machine -0.030 -0.107** 1.970*** 1.325 

[0.047] 10.049) 10.762] 10.904] 

O w n refrigerator 0.109** 0.059 1.345* 0.892 

• [0.053】 [0.056] (0.774) ll.OOl) 

Own cell phone -0.018 0.099* 1.045 2.062** 

[0.047] [0.0511 [0.710] [0.9011 

Mother working in public sector 0.145* 0.242*** 0.452 3.339*** 

[0.075] [0.084] [0.918] [1.173] 

Rura l ’ -0.001 0.096* -3.409*** -2.065** 

(0.048) . [0.051] 10.705) 10.903) 

. # Observations 2862 2850 2724 2686 

R-squared 0.177 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 17: OLS Estimates of the Determinants of Academic Performance (Rural 
Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shoeks -0.222** -0.231** -4.180** -3.635* 

[0.090] [0.090] [1.914) [1.966j 

Bir th weight(kg): <2 -0.104 -0.228** -1.579 -1.161 

. [0.093] [0.096] 11.605) [1.7891 

Birth weight(kg): 2-2.5 -0.091 -0.104 -1.265 -1.208 

(0.068) [0.073] 丨 1.142) [1.3141 
Bir th weight (kg): 2.5-3 -0.024 0.004 -1,222 -1.290 

[0.067] [0.072] [1.091] |1.255] 

Gender ( b o y = l ) -0.172*** -0.076 -2.422*** -0.444 

(0.0481 [0.0501 10.803j [0.916] 

Age -0.025** -0.035*** -1.273*** -1.315*** 

[0.010] [0.011] [0.196] 10.229] 

B i r th order -0.203* -0.166 -1.497 -0.633 

[0.1211 [0.129] [2.119] [2.305] 

# Siblings 0.148 0.115 0.688 0.876 

. 10.112] [0.119] [1.879) [2.055] 

Mother 's age -0.006 -0.004 0.126 -0.105 

10.006) [0.007] (0.124) [0.134] 

Mother's education • 0.019 0.014 0.428** 0.352 

[0.012] [0.012] [0.204) 10.225] 

Per capital family income 0.011 0.016 0.131 0.249 

[0.011) [0.0131 [0.208] [0.223] 

O w n washing machine 0.014 -0.095 3.357*** 2.692** 

[0.057] [0.059] [1.001! [1.123j 

O w n refrigerator 0.032 -0.014 2.061 1.173 

[0.0901 [0.0891 (1.263) [1.465] 

O w n cell phone 0.004 0.154** 2.078* 4.009*** 

(0.071] [0.0751 [1.203] [1.2971 

Mother working in public sector 0.308* 0.450** -0.822 1.870 
[0.167] [0.204] (2.7051 [3.932] 

Rura l 

# Observations 1518 1514 1422 1410 

R-squared 0.097 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; • significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 21: OLS Estimates of the Determinants of Academic Performance 
(Mixed-Gender Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.367*** -0.321*** T T M ^ ^ 

(0.0941 [0.0961 . [1.177] [1.627] 

Birth weight(kg): < 2 -0.154 -0.127 -0.989 -0.070 

10.106] (0.104) 11.4221 11.903] 

Birth weight(kg): 2-2.5 -0.105 -0.149* -1.010 0.298 

(0.084) 10.089] 11.183] [1.500) 

Birth weight (kg): 2.5-3 -0.111 -0.133 -0.850 1.028 

(0.081] (0.0861 11.129] |1.389] 

Gender ( b o y = l ) -0.192*** 0.072 -1.245* 1.885** 

[0.053] 10.057) (0.675) [0.932] 

Age -0.049*** -0.093*** -1.861*** -2.474*** 

[0.0111 (0.012) [0.1651 [0.212] 

Birth order 0.034 0.014 0.741 0.299 

[0.217] [0.225] [4.542] [5.446] 

# Siblings -0.103 -0.089 0.804 0.817 

[0.180】 [0.188] [4,229) |5.023l 

Mother's age 0.007 0.017** 0.027 0.088 

[0.007] (0.0081 [0.120] [0.158] 

Mother's education 0.034*** 0.051*** 0.552*** 0.418* 

10.0111 [0.011] [0.147] (0.219) 

Per capital family income 0.021** 0.017 0.137 0.314** 
[0.010] [0.011) [0.0991 [0.154] 

Own washing machine -0.075 -0.055 -1.564 -2.161 
[0.089] [0.094] [1.137] 11.509] 

Own refrigerator 0.133* 0.060 1.346 0.886 

【0.0691 [0.0741 [0.979] , (1.351) 

Own cell phone -0.020 0.077 0.238 0.681 
[0.062] [0.068] [0.864] [1.2001 

Mother working in publ ic sector 0.095 0.174* 1.381 4.318*** 

[0.086] [0.093] [0.949] [1.240j 

Rura l 

养 Observations 1344 1336 1302 1276 

R-squared 0.110 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 21: OLS Estimates of the Determinants of Academic Performance 
(Mixed-Gender Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.393*** -0.250** -3.814** -3.771* 

10.105) [0.107] [1.842] [1.951] 

Birth weight(kg): < 2 -0.047 -0.284** 0.393 -2.499 

[0.132] [0.125] 11.5731 [1.999] 

Birth weight(kg): 2-2.5 -0.164* -0.216** -1.376 -2.035 

[0.087] [0.090] 丨 1.220) [1.469] 
Birth weight (kg): 2.5-3 -0.096 -0.105 -0.962 -1.765 

[0.085] [0.090] [L123| [1.356] 

Gender ( b o y = l ) 

Age -0.038*** -0.054*** - . J 1 4 * * * -1.987*** 

[0.013] 10.014] [0.191] [0.232] 

Birth order -0.415** -0.093 -0.856 -2.059 

(0.183) (0.190] (3.194) [3.101] 

# Siblings 0.287* 0.019 0.025 1.769 

[0.161] [0.167] [2.869] [2.628] 

Mother's age -0.001 0.004 0.265** 0.006 

[0.009j 10.009] [0.12'41 [0.149) 

Mother's education 0.022 0.031** 0.565*** 0.349 

[0.014] 10.015] [0.210] [0.257] 

Per capital family income 0.023* . 0.032** 0.006 0.140 

[ 0 . 0 1 3 ] � (0.015] [0.152] [0.173] 

O w n washing machine -0.093 -0.171* 0.828 0.742 

[0.085] [0.087] [1.208] [1.389] 

O w n refrigerator 0.202** 0.154 1.781 0.840 

[0.093] [0.096] .[1.308] [1.527] 

Own cell phone -0.067 0.004 ' , V 0.505 -0.261 

[0.081] [0.088] "'[1.193] (1.378) 

Mother working in publ ic sector 0.077 0.219 -0.746 4.094** 

[0.126] [0.150] [1.635] [2.032) 

Rura l 0.040 0.063 -4.419*** -4.030*** 

. [0.081] [0.091) [1.165] [1.332] 

# Oliservations 1054 、 1046 1014 1000 

R-squared 0.075 0.087 0.231 0.198 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 21: OLS Estimates of the Determinants of Academic Performance 
(Mixed-Gender Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.292*** -0.366*** -0.140 -2.800 

[0.104] [O. l l l j [1.617] [2.534] 

Bir th wcight(kg): <2 -0.146 -0.153 -3.160* 0.087 

10.111] [0.115) (1.801) [2.284] 

Birth wcight(kg): 2-2.5 -0.069 -0.158 -2.467* -0.651 

[0.098] 10.104] 11.456] |1.896j 

Birth weight (kg): 2.5-3 -0.048 -0.108 -2.402* -1.012 

[0.096] [0.101) [1.427] |1.812| 

Gender ( b o y = l ) 

Age -0.050*** -0.077*** -1.588*** -2.240*** 

[0.011! [0.013] [0.195] [0.249] 

Bir th order -0.079 -0.164 -2.787 -3.743 

[0.167] [0.185] (3.229] [3.510] 

# Siblings 0.009 0.067 0.108 1.020 

[0.157] [0.174] [2.844] [3.095j 

Mother's age • 0.006 0.007 0.076 0.140 

10.008! .丨0.009] [0.140] [0.161] 
Mother's education 0.022* 0.041*** 0.295 0.363 

[0.012] [0.014] [0.1961 【0.2911 

Per capital family income 0.028** 0.025** 0.413** 0.676*** 

(0.012) [0.012] [0.166] [0.242] 

O w n washing machine -0.049 -0.120 2.576** . 0.847 

[0.077] [0.084] [1.293] [1.633] 

O w n refrigerator ‘ 0.114 -0.022 1.593 0.900 

[0.086] (0.094] [1.213] [1.833] 

O w n cell phone 0.031 0.155* 0.406 3.504** 

[0.073] [0.082] [1.1161 [1.580] 

‘ Mother working in publ ic sector 0.171 0.166 1.878 1.974 

[0.115] [0.117] [1.327] [1.767] 

Rura l 0.037 0.147* -2.168* 0.650 

[0.082] [0.086] [1.154] (1.687] 

# Observations 1102 1098 1038 1022 

R-squared 0.091 0.124 0.221 0.204 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 21: OLS Estimates of the Determinants of Academic Performance 
(Mixed-Gender Sample) 

Literature Mathemat ics Literature Mathematics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.200* -1.472 -2.125 

|0.122| [0.121] [1.954! [2.392j 

Birth wcight{kg): <2 -0.193 -0.153 -1.635 -1.480 

[0.143] [0.158] 12.529] [3.127] 

Birth weight(kg): 2-2.5 -0.053 0.047 -0.582 0.856 

[0.097] [0.110] 丨1.724j [1.922j 

Birth weight (kg): 2.5-3 -0.062 0.049 -1.004 2.308 

[0.093] 10.106] 11.651] [1.841] 

Gender ( b o y = l ) -0.185*** 0.009 -2.700*** -0.631 

[0.(M8j [0.055) 10.729) [0.860j 

Age -0.020 -0.063*** -1.217*** -1.451*** 

[0.015] [0.017] 10.299] [0.336] 

Birth order -0.070 -0.395* 0.861 7.047 

[0.2051 (0.208) 丨3.423j [5.2731 

# Siblings 0.061 0.334* 1.367 -3.822 

10.177] (0.186] [3.198] [4.8991 

Mother's age -0.002 0.002 -0.055 -0.163 

[0.008] [0.009] [0.179] 10.200) 

Mother's education 0.042*** 0.032** 0.643*** 0.343 

[0.015] [0.015) [0.243) (0.2701 

• Per capital family income 0.001 -0.006 -0.036 0.050 

10.015] [0.015] 10.186 丨 [0.288j 

Own washing machine 0.052 0.012 2.706* 2.675 

[0.082] [0.085) [1.503) 丨 1.7181 
Own refrigerator -0.042 0.047 0.392 ,1.037 

[0.100] (0.104] [1.645]^ [1.8771 ’ 

Own cell phoue -0.010 0.166* 2.691*' 3.365* 

[0.094] [0.090] [1.533] (1.7441 

Mother working in public sector 0.176 0.415** 0.103 5.996** 

[0.161] [0.190] [2.042) [2.365] 

Rural -0.106 0.077 -3.191** -2.602 

[0.090] [0.094] [1.391] [1.652] 

. ； O b s e r v a t i o n s 706 706 672 664 

^ R-squared 0.059 0.082 0.151 0.152 ‘ 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 

129 



Table 22: OLS Estimates of the Determinants of Schooling Performance (Whole 
Sample) 

: Good S t u d e n t A w a r d s in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

、 E a r l y health shocks T 6 U -0.037** 0.042** 0.091*** 0.0?9* 

[0.0301 丨 0.016] 10.020) [0.032] [0.058] 
Birth weigbt(kg): <2 -0.077** -0.020 0.048** 0.028 0.092 

[0.034] [0.019] [0.021] 10.028) |0.062] 

Birth weight(kg): 2-2.5 -0.036 -0.008 0.006 0.001 0.061 

[0.027] [0.016] [0.012] 丨 0.021! [0.050] 
Birth weight (kg): 2.5-3 -0.029 0.004 0.004 0.008 0.089* 

[0.027] [0.015] [0.012] 10.020) [0.049] 

Gender ( b o y = l ) -0.078*** -0.015 0.009 0.098*** 0.297*** 

[0.017] [0.010] [0.009j [0.014] [0.033) 

Age 0.032*** 0.008*** 0.010*** 0.001 -0.016** . 

[0.004] [0.002] [0.002] [0.003] [0.007] 

Birth order -0.068 0.005 0.033 -0.047 0.081 

[0.0571 [0.016] (0.0251 [0.038] [0.095] 
# Siblings 0.045 -0.010 -0.017 0.002 -0.149* 

[0.052] [0.015) [0.020] [0.037] [0.083] 

Mother's^age 0.000 0.002* 0.000 -0.001 0.000 

[0.002] [0.001) [0.001] [0.002] [0.005] 

Mother's education 0.011*** 0,005** -0.003* 0.000 -0.010 

[0.004] [0.002] [0.00?1 [0.003] [0.007] 

Per capital family income 0.007* 0.007*** -0.001 -0.003， -0.001 

[0.0041 [0.0031 [0.002] [0.003] [0.006) 

Own washing machine -0.021 -0.004 -0.002 -0.006 0.050 

[0.022] [0.010] [0.011] [0.018] [0.043】 

Own refrigerator -0.008 0.018 0.000 -0.004 0.011 

[0.026] [0.0151 [0.0141 [0.021] [0.048] 

Own cell phone 0.045* 0.019 0.007 0.004 -0.012 

. (0.025] [0.014] [0.012] (0.019) [0.043] 

Mother working in publ ic sector 0.089** 0.084** 0.000 -0.029 -0.090 

[0.043] [0.036] [0.018] [0.034) 丨0.065) 
Rural -0.059** -0.033*** 0.020 -0.092*** 0.057 

(0.024) [0.012] [0.013] |0.020l (0.043) 

# Observations 2922 2922 2922 2918 2890 

R-squared 0.096 0.035 0.052 0.053 

‘ Source: CCTS . Notes: Each column comes from a separate regression. Rx)bust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

I significant at 1%. 
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Table 23: OLS Estimates of the Determinants of Schooling Performance (Rural 
Sample) 

一 Good Student Awards in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks -0.018 0.058* 0.036 0.212** 

(0.035) (0.012) 10.034) |0.041) [0.085] 

Birth weight(kg): < 2 -0.083** -0.007 0.062* 0.029 0.107 

10.042] [0.019) [0.032] [0.034] [0.081) 

Birth wdght(kg) : 2-2.5 -0.038 -0.015 0.014 0.003 0.094 

10.033) [0.015] [0.018) [0.0231 [0.063] 

Birth weight (kg): 2.5-3 -0.031 -0.013 0.010 -0.002 0.127** 

(0.031) [0.014] (0.018) [0.020] 10.062] 

Gender ( b o y = l ) -0.095*** -0.019** 0.003 0.075*** 0.321*** 

[0.021] [0.0091 10.014] 10.016) 10.045) 

Age 0.026*** 0.006*** 0.015*** 0.001 -0.024** 

[0.0051 [0.002] (0.003) [0.0041 |0.010j ^ 

Birth order -0.036 0.016 0.038 0.034 0.071 

[0.0571 (0.012j 10.027) [0.026] (0.099) 

# Siblings 0.011 -0.016 -0.024 -0.063** -0.173** 

[0.052] 10.012] [0.0221 [0.026] 丨 O.OSSl 

Mother's age 0.000 0.001 0.001 -0.002 0.00,3 

[0.003] 10.001) [0.002] [0.0021 [0.0061 

Mother's education 0.006 0.000 -0.002 0.004 0.003 

[0.005! 10.002) [0.003] [0.003] . [0.011] 
Per capital family income 0.001 0.005 -0.002 -0.007** -0.006 

, [0.006] 10.0031 (0.003] 10.003) [0.012] 
Own washing machine -0.004 -0.004 -0.013 0.000 0.031 

. [0.025] [0.010] (0.015) [0.019] [0.0531 
Own refrigerator -0.029 0.021 0.019 0.004 0.033 

[0.041] [0.019] (0.0261 (0.027) (0.079) 

Own cell phone 0.116*** 0.023 0.028 0,010 -0.029 

[0.038] [0.019] [0.022] [0.026] 10.065) 

Mother working in public scctor 0.259*** 0.077 -0.051 0.024 -0.256* 

[0.094j [0.074] [0.042] 丨0.084] 10.131] 

Rural 

# Observations 1546 1546 1546 、1542 • 1532 

R-squarcd 0.098 0.051 0.050 0.031 0.069 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. 
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Table 24: OLS Estimates of the Determinants of Schooling Performance (Urban 
Sample) 

Good Student Awards in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks ^^OOW -0.054* 0.031 0.138*** -0.006 

(0.046) (0.029) 10.021] • |0.048l (0.080) 

Birth weight(kg): <2 -0.070 -0.028 0.035 0.019 0.065 

10.053) 10.0341 丨0.026) [0.048] 10.098). 
Birth weight(kg): 2-2.5 -0.028 -0.003 -0.001 0.004 0.016 • 

(0.045] 丨0.0301 10.016) [0.039] 10.084) 
Birth weight (kg): 2.5-3 -0.018 0.024 -0.001 0.023 0.041 

10.045] [0.031] [0.016] [0.037] [0.081] 

Gender ( b o y = l ) -0.063** -0.013 0.018* 0.123*** 0.271*** 

[0.0281 [0.020) 10.0101 [0.024] [0.048] 
Age 0.038*** 0.011*** 0.005** 0.001 -0.008 

10.0061 [0.004j |0.002j (0.005j |0.010] 

Bir th order -0.255 -0.002 0.024 -0.433*** -0.019 

10.172] 10.069] (0.067) 10.145| [0.275] 
# Siblings 0.248 -0.012 0.006 0.329** 0.046 

10.160) [0.063] [0.058j |0.136] [0.243] 

Mother's age -0.001 0.004* 0.000 -0.002 -0.004 

[0.004] [0.002] 40.002) [0.003] [0.0071 
Mother's education 0.015*** 0.010*** -0.005** -0.003 -0.017* 

[0.005] 丨0.003] 10.002】 [0.005) [0.010] 
Per capital family income 0.012** 0.009** 0.001 0.000 0.003 

10.006) [0.004] [0.002] [0.004] 10.008] 

O w n washing machine -0.071* 0.016 0.011 -0.040 0.057 

. [0.041] [0.021] [0.016] [0.042] 【0.080) 

Own refrigerator 0.005 0.004 -0.009 0.001 0.019 

(0.034j 丨0.022j [0.0161 [0.032] [0.063j 

Own cell phone -0.002 0.021 ‘ -0.011 -0.008 -0.011 

[0.033] |0.021| [0.013] [0.028) 10.057] 

Mother working in public scctor 0.055 0.064 0.018 -0.024 -0.043 

10.049] (0.042] [0.019] (0.038] |0.074j 

Rural 

# Observations 1376 1376 1376 1376 1358 

R-squared 0.104 0.086 0.030 0.056 0.043 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 
* t 

significant at 1%. 
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Table 27: OLS Estimates of the Determinants of Schooling Performance 
,一-� (Mixed-Gender Sample) 

Good S t u d e n t A w a r d s in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks -0.042 0.045 0.175*** 0.152* 

10.044) 10.026) [0.032] 10.057] [0.084] 

Birth weight(kg): < 2 -0.168*** -0.035 0.019 -0.030 0.109 

|0.051j (0.034] (0.039) (0.052| [0.106] 

Birth weight(kg): 2-2.5 -0.040 -0.001 -0.018 0.043 0.136 

10.041) (0.0261 [0.023] |0.039| [0.0841 

Birth weight (kg): 2.5-3 -0.049 0.008 -0.003 0.032 0.123 

10.040) 10.025] (0.025) (0.036] (O-OSlj 

Gender ( b o y = l ) , 

Age 0.031*** 0.013*** 0.010*** 0.003 -0.016 

[0.006] [0.004] [0.003] [0.006] (0.013| 

Birth order -0.057 0.032 0.071** 0.012 0.054 

[0.098] (0.022] [0.030) [0.061 j [0.192] 

# Siblings 0.059 -0.026 -0.068*** -0.058 -0.046 

[0.0901 [0.0171 [0.016) [0.055] [0.171] 

Mother's age 0.001 0.002 0.000 0.002 -0.004 

10.004] [0.002] [0.002] [0.004] [0.008) 

Mother's education -0.001 0.003 -0.007** -O.OCfe -0,012 

一 [0.0051 • (0.004) [0.004] [0.006] 10.013) 

‘ Per capital family income 0.013** 0.006 0.000 -0.006 0.006 

10.006] [0.004] [0.003] [0.005) [0.010] 

’ ’Own washing machine -0.004 0.008 -0.014 -0.039 0.146* 

[0.034] 丨 0.015] (0.020) [0.036] [0.080] 
/ Own refrigerator -0.018 0.024 0.008 0.007 0.035 ‘ 

, [0.042] [0.024] [0.022] [0.0401 [0.0881 
- Own cell phone 0.022 0.017 0.016 0.000 -0.039 

|0.040] [0.023) [0.022] [0.038] (0.077) 

Mother working in public sector 0.078 0.074 0.012 0.012 -0.110 

• [0.065] [0.057] [0.0411 [0.071] [0.108广 
Rural -0.130*** -0.043** 0.011 -0.119*** 0.051 

[0.0391 [0.0181 [0.024] (0.037| 10.077] 
# Observations 1082 1082 1082 1082 1064 

R-squared 0.108 0.039 0.054 0.023 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

‘ significant at 1%. 

133 



Table 27: OLS Estimates of the Determinants of Schooling Performance 
,一-� (Mixed-Gender Sample) 

Good Student Awards in Grade Parents Minor actions 

Awards , Contests repetition interviewed in class 

“Ear ly health shocks -0.035 -0.017 0.054 0.017 0.043 

10.056] [0.033] [0.035] [0.045] [0.109] 

Birth wcight(kg): <2 0.017 -0.001 0.065** 0.060 0.153 

(0.060) [0.035] [0.030) [0.039) (0.098] 

Birth weight(kg): 2-2.5 0.026 -0.010 0.010 , -0.006 0.111 

10.0531 10.032] 10.021] [0.030] [0.085] 

Birth weight (kg): 2.5-3 0.021 0.014 -r0.063 -0.023 0.148* 

[0.051] [0.033] [0.020] 10.027) [0.086) 

Gender ( h o y = l ) 

Age 0.029*** 0.004 0.009*** 0.002 -0.020* 

(0.007) [0.004] [0.003] [0.004] (0.011] 

Birth order -0.211*** -0.041 0.030 -0.050 0.065 

(0.079) (0.028) (0.038) [0.051] [0.129] 

# Siblings 0.074 0.010 0.011 0.022 -0.193* 

[0.075] [0.028] [0.031] [0.051] [0.112] 

. Mother's age 0.008* 0.005* -0.001 -0.006** 0.012 

[0.004) [0.003] [0.002] [0.002j |0.009) 

Mother's education 0.017** 0.008** 0.000 0.000 -0.003 

[0.007] [0.004] [0.002] [0.004] [0.011] 

Per capital family income 0.008 ‘ 0.010 -0.001 -0.001 -0.021* 

[0.008] (0.006] [0.003] |0.005l [0.011] 

O w n washing machinc -0.063 -0.016 0.027 0.019 0.032 

[0.040] [0.018) [0.020] [0.025] [0.069] 

Own refrigerator -0.018 -0.014 -0.001 -0.050 0.022 

[0.0431 [0.024] [0.023] [0.031] [0.075] 

Own cell phone 0.063 0.044* 0.016 0.005 0.026 

[0.040] [0.026]' (0.017] • [0.025] [0.068] 

Mother working in publ ic sector 0.113 0.106* -0.010 -0.058* -0.044 

� [0.069] [0.057] [0.015] [0.031) (0.097) 

‘’， Rura l -0.021 -0.021 0.047** -0.107*** 0.076 

[0.041] 10.022) [0.020] 10.029] (0.068] 

# Observations 1120 1120 1120 1118 1108 

R-squared 0.137 0.107 0.057 0.058 0.021 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

‘ significant at 1%. 
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Table 27: OLS Estimates of the Determinants of Schooling Performance 

, 一 - � (Mixed-Gender Sample) 

( 
I » 

J Good Student Awards in Grade Parents M inor actions 

Awards Contests repetit ion interviewed in class 

Early health shocks -0.060 -0.046*** 0.020 0.016 0.056 

[0.0581 10.016] [0.030] [0.055j [0.115] 

B i r th weight(kg): <2 -0.093 -0.028 0.051 0.024 -0.018 

[0.068] [0.030] [0.044) [0.062] (0.130) 

Bir th weight(kg)： 2-2.5 -0.089* -0.011 0.038* -0.055 -0.090 

• |0.052] 10.023] [0.021] [0.038] [0.091) 

B i r th weight (kg): 2.5-3 -0.041 -0.010 0.016 0.000 0.003 

[0.050] [0.023] (0.016) 丨0,0361 [0̂ 86) 
Gender ( b o y = l ) -0.089*** -0.034** 0.007 0.084*** 0.296*** 

[0.027] [0.014] [0.015] [0.022j 10.046] 

Age 0.036*** 0.009** 0.011*** -0.009 -0.012 

[0.007] [0.004] ,(0-003丨 [0.006丨 [0.0131 
Bi r th order 0.083 0.057** -0.004 -0.146 ‘ 0.065 

[0.136] [0.023] [0.069] [0.099] [0.188] 

# Siblings -0.033 -0.046*** 0.012 0.078 -0.166 

. (0.122) [0.017] 【0.063] [0.100] [0.162] 

Mother 's age -0.007** 0.001 0.000 -0.001 -0.006 

10.003] [0.002] [0.002] [0.003] I0.007j 

Mother 's education 0.015** 0.002 -0.002 0.006 -0.012 

[0.007] [0.004] [0.004j 丨0.005) [0.014] 

Per capital family income -0.002 0.007 -0.001 0.001 0.006 

[0.007] [0:005] [0.002) [0.004j [0.013] 

O w n washing-machine 0.018 0.005 -0.025 0.008 -0.055 

[0.037] [0.019] [0.019] [0.033] [0.078] 

O w n refrigerator 0.014 ‘ 0.055** -0.018 0.044 -0.043 

[0.052] [0.028] [0.024] (0.039) [0.090] 一 

O w n cell phone 0.055 -0.014 -0.017 -0.004 -0.031 ‘ 

10.048] [0.025] (0.019] 丨0.039! (0.076] 
Mother working in publ ic sector 0.080 0.015 -0.002 -0.026 -0.198 

, [0.1061 10.085] [0.036] [0.083] [0.1541 

Rura l -0.009 -0.032 -0.013 -0.052 0.045 

丨0.046] [0.022] [0.023] (0.039) (0.076) 
# Observations 720 720 720 718 718 

R-squared 0.106 0.092 0.041 0.058 0.070 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

‘ significant at 1%. 
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Table 34: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 

Expenditure (Whole Sample) 

Father Mother 

Work Expendi ture Work Expendi ture 

‘ E a r l y health shock (only one c h i l d ) - 0 . 0 4 4 -140.393* 0.046* -4.554 

10.0781 [79.0281 [0.027] [65.0951 

Ear ly health shock (both children) -0.008 -28.158 -0.052** -56.055 

10.025] 198.141] |0.024] [75.360] 

Age -0.003 -17.651** -0.001 -13.791** 

[0.003] [6.981] 丨0.002] [6.915J 

Mother 's education -0.007** 31.667*** -0.004 41.077*** 

(0.004) 19.263] 丨0.004j [11.259] 

Per capital family income 0.001 108.823*** -0.003 88.422*** 

(0.004) [19.523] [0.004丨 [17.1711 
Rura l 0.038* -143.895*** 0.046** • -28.021 

[0.020] [48.859] [0.019] [62.074 

# Observations 1163 1423 1048 1442 

R-squared 0.017 0.200 0.026 0.207 

Source: CCTS . Notes: Each co lumn comes from a separate regression. Robus t standard errors, 

clustered at the household level, are in brackets; * significant a t 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 35: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 
Expenditure (Rural Sample) 

Father Mother 

Work Expend i ture Work Expend i ture 

"Ea r l y heal th shock (only one c h i l d ) 0 . 0 0 4 -133.164* 0.006 -12.947 

10.050] 170.516] 10.040) (46.779) 

Early heal th shock (both children) -0.028 -75.429 -0.040 -82.095 

[0.041] [81.705] 10.036] [69.365] 

Age -0.004 -6.158 -0.001 -18.439 

[0.004] [8.727] [0.0031 [16.410] 

Mother 's educat ion -0.005 43.075*** -0.001 46.589* 

[0.0051 [14.811] [0.004] 124.519) 

Per capital family income 0.003 97.484*** 0.003 * 79.979** 

[0.004] [27.488j 10.004] [33.518] 

Rura l 

# Observations 646 757 608 763 

R-squared 0.004 0.206 0.002 0.109 

Source: C C T S . Notes: Each co lumn comes from a separate regression. Robus t s tandard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tu tor is measured in minutes per day. ‘ 
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Table 36: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 
Expenditure (Urban Sample) 

Father Mother 

Work Expendi ture Work Expendi ture 

Early health shock (only one c h i l d ) - 0 . 0 8 9 -140.071 0.087*** -5.265 

[0.146] (128.382] |0.033) 1109.298] 

Early health shock (both children) 0.013 12.607 -0.059* -33.029 

[0.0291 [ I 7 3 . 6 8 7 ] [0.0331 丨1 2 3 . 6 6 7 1 

Age -0.003 -28.756*** -0.001 -9.698 

10.004) [10.921] [0.004] [6.043] 

Mother's education -0.009* 21.804* -0.007 37.745*** 

10.005] [11.882] [0.006】 [9.074j 

Per capital family income 0.001 115.218*** -0.005 93.231*** 

[0.005] [26.280] [0.005) [19.6201 

Rura l 

# Observations 517 666 440 679 

R-squared 0.014 0.156 0.032 0.289 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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T^ble 37: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 

Expenditure (Male Sample) 

一 Father Mother 

Work Expend i ture Work Expend i ture 

Ear ly health shock (only one c h i l d ) 0 . 0 0 5 33.393 0.072* 74.990 

10.(M5) 11 3 4 . 5 8 9 | [0.039] [llG.lSOl 

Ear ly health shock (both children) -0.027 -112.350 -0.035 37.919 

10.041] (106.573) [0.030] |119.717l 

Age -0.006 -25.475*** 0.001 -9.872 

[0.006] [9.320] |0.005) 16.252) 

Mother 's educat ion -0.002 14.344 -0.004 27.496** 

10.007] (11.816] 10.008] [11.4861 

Per capita l family income 0.000 112.468*** -0.007 86.125*** 

[0.008] 132.602) |0.007] [28.153] 

Rura l 0.061 -138.062** 0.059 -93.551*** 

10.0431 [57.227] [0.044] |27.363l 

# Observat ions 417 524 ’ 386 536 

R-sqiiared 0.017 0.218 0.051 0.332 

Source: C C T S . Notes: Each co lumn conics from a separate regression. Robus t s tandard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 38: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 
Expenditure (Female Sample) 

Father Mother 

Work Expend i tu re Work Expend i ture 

"Ea r l y health shock (only one c h i l d ) - 3 7 9 . 6 2 8 * * * - 0 . 0 1 1 -106.805 

10.217) [99.651] 10.048] 丨 101.787] 
Early health shock (both children) -0.010 18.052 -0.113** -184.288*** 

10.055) ‘ [184.022] [0.056) |61.327] 

Ago -0.003 -14.235 -0.002 -22.942 

I0.004J [12.585] [0.003] 115.588) 

Mother 's educat ion -0.009* 42.860*** -0.006 56.842*** 

, 10.005] [15.952] [0.0051 [20.803] 

Per capi ta l family income 0.005 109.204*** 0.006* 122.770*** 

10.004] 131.324] [0.004] [37.732] 

Rviral 0.057** -59.049 0.040* 131.364 

10.023) 1104.305] |0.024j (158.482| 

# Observat ions 452 545 405 553 

R-sqiiared 0.033 0.187 0.025 0.182 

Source: C C T S . Notes: Each co lumn comes from a separate regression. Robus t s tandard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 39: OLS Estimates of the Early Health Shocks on Parental Labor Supply and 
Expenditure (Mix-Gender Sample) 

Father Mother 

Work Expendi ture Work Expenditure 

Early health shock (only one c h i l d ) - 0 . 0 2 4 -104.099 0.072 -12.351 

[0.095] [161.995] 10.04Gj [58.623] 

Early health shock (both children) 0.042 173.699 -0.022 50.398 

[0.050) [281.145丨 [0.054j 丨.119.8711 

Age 0.001 -11.741 -0.002 -2.123 

‘ [0.005] [15.711) [0.004] [5,555] 

Mother's education -0.010 42.064** -0.001 19.248** 

[0.008] (19.217! [0.004] |7.453] 

Per capital family income -0.002 104.908*** -0.005 54.090*** 

10.0041 丨36.301] [0.0051 |12.474] 
Rural -0.017 -295.028*** 0.027 -163.858*** 

[0.038] 179.320! 10.0311 133.161) 

# Observations 294 354 257 353 

R-squtircd 0.013 0.232 0.018 0.350 

Soiircc: CCTS . Notes: Each column comes from a separate regression. Robust standard errors, 

clustered at the household level, are in brackets; * significant at 10%; ** significant at 5%; *** 

significant at 1%. Parents home tutor is measured in minutes per day. 
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Table 50: Within-Twin-Pair FE Estimates of the Determinants of Family 
Investments (Female Sample) 

Health Educat ion Cloth ing Parents home 

tutor 

"Ear ly health shocks 1 . 3 5 1 * * * - 0 . 2 0 4 * * * -0.058 -1.493 

10.314] [0.0731 [0.042] 11.263) 

Birth vveight(kg): < 2 0.521** -0.015 0.006 0.255 

(0.210) (0.0471 [0.036] |1.411] 

Birth weight(kg): 2-2.5 0.468*** 0,016 0.027 0.257 

[0.163] [0.026] [0.030] |L194] 

Birth weight (kg): 2.5-3 0.421*** -0.013 -0.004 -0.319 

(0.149] 10.0231 [0.020] 10.993] 

Gender ( b o y = l ) 0.086 -0.024 -0.028 0.235 

[0.093] 10.021] [0.017) |0.779l 

# Observations 1461 1461 1461 1451 

R-squared 0.027 0.016 0.005 0.001 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. Parents home tutor is 

measured in minutes per day. 

Table 47: Within-Twin-Pair FE Estimates of the Determinants of Family 
Investments (Rural Sample) 

Health Educat ion Clothing Parents home 

tutor 

Early health shocks 1.523*** -0.058 -0.120 -2.041 

10.538] (0.0691 10.092] (1.9661 

Birth weight(kg): < 2 0.483* 0.076 0.015 -0.753 

[0.272] 10.048) (0.0401 [1.976] 

Bir th weight(kg): 2-2.5 0.572*** 0.028 0.004 0.364 

(0.196) 10.020] [0.040] |1.478l 

B ir th weight (kg): 2.5-3 0.488*** -0.004 -0.024" -0.225 

. (0.170) 10.008) [0.023] 11.0901 

Gender ( b o y = l ) 0.139 -0.008 -0.018 0.113 

[0.122] [0.013] [0.011] |0.863| 

# Observations 773 773 773 764 

R-squarcd 0.037 0.014 0.014 0.002 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. Parents home tutor is 

measured in minutes per day. 
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Table 50: Within-Twin-Pair FE Estimates of the Determinants of Family 
Investments (Female Sample) 

Health E d u c a t i o n “ C l o t h i n g P a r e n t s home 

tutor 

"Ear ly health shocks 1 . 1 4 9 … - 0 . 3 2 8 * * * -0.018 -0.962 

10.374) [0.116] [0.021] [1.678] 

Birth weight(kg): <2 0.548 -0.107 0.008 1.155 

, [0.342] [0.086) [0.062] 丨 2.153) 

• Birth weight(kg): 2-2.5 0.344 0.001 0.060 0.100 

[0.286] |0.057l 10.045] |2.0；30) 

Birth weight (kg): 2.5-3 0.339 -0.025 0.030 -0.473 

(0.271) [0.057] (0.034) [1.838| 

Gender ( b o y = l ) -0.006 -0.046 -0.042 0,392 

(0.145) (0.049) |0.039j |1.434l 

# Observations 688 688 688 687 

R-squared 0.020 0.035 0.005 0.002 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. Parents home tutor is 

measured in minutes per day. 

Table 49: Within-Twin-Pair FE Estimates of the Determinants of Family 
Investments (Male Sample) 

Health Educat ion Cloth ing Parents home 

tutor 

Early health shocks 1 . 0 8 5 * * - 0 . 1 7 1 * * -0.108 -2.393 

[0.426] 10.074) [0.091] (2.565] 

Birth wcight(kg): <2 0.561 0.059 0.002 0.455 

[0.348] [0.066] 10.046) [2.712) 

Birth weight(kg): 2-2.5 0.269 0.011 0.008 1.115 

(0.2401 10.029] [0.054] [2.332] 

Birth weight (kg): 2.5-3 0.094 -0.020 -0.044 0.548 

‘ [ 0 . 2 2 6 ] (0.013) [0.037] [1.9051 

Gender ( b o y = l ) 

# Observations 541 541 541 539 

R-squarcd 0.023 0.025 0.007 0.002 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. Parents home tutor is 

measured in minutes per day. 
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Table 50: Within-Twin-Pair FE Estimates of the Determinants of Family 
Investments (Female Sample) 

Health Educat ion Cloth ing Parents home 

tutor 

Early health shocks 2 . 0 8 0 * * * - 0 . 4 1 0 * * -0.028 0.868 

(0.708) [0.188] 10.030) [0.628] 

Bir th weight(kg): <2 0.277 0.019 0.019 1.018 

10.374) 10.097) 丨0.0791 丨 1.954] 
Bir th weight(kg): 2-2.5 0.291 0.114* 0.056 2.117 

10.319 丨 10.060! (0.059] (1.535] 
Bir th weight (kg): 2.5-3 0.393 0.053 0.031 2.172* 

[0.293] [0.057] |0.0451 l l . lG l j 

Gender ( b o y = l ) 

# Observations 5G0 560 560 556 

R-squared 0.045 0.051 0.004 0.004 

Source: CCTS . Notes: Each co lumn comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; *本 significant at 5%; *本* significant at 1%. Parents home tutor is 

measured in minutes per day. 

Table 51: Within-Twin-Pair FE Estimates of the Determinants of Family 

Investments (Mixed-Gender Sample) 

Health Educat ion Cloth ing Parents home 

tutor 

Early health shocks 0.824** -0.006 -0.024 -2.695 

(0.3321 [0.053) [0.032] [2.333) 
Bir th weight(kg): < 2 0.664* -0.076* 0.012 1.120 

10.3911 lO.O46] [O.O33] [2.455] 

B i r th weight(kg): 2-2.5 0.834*** -0.066 0.024 -2.232 

[0.311] [0.042] [0.025] |2.081] 

B i r th weight (kg): 2.5-3 0.768*** -0.064 0.000 -3.675** 

10.264] 10.043] [0.016] |1.809] 

Gender ( b o y = l ) 0.111 -0.032 -0.029 0.184 

10.091] [0.022] [0.018] (0.784) 

# Observations 360 360 360 356 

R-squarcd 0.038 0.009 0.010 0.019 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. Parents home tutor is 

measured in minutes per day. 
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Table 56: Within-Twin-Pair FE Estimates of the Determinants of Health (Female 
Sample) 

Height Weight B M I Hea l th Hospital 

(2-scorc) (z-score) (z-score) S ta tus Visits 

Early health shocks ^ O ^ - 0 . 2 7 0 * * ^ O W - 0 . 4 4 9 * * * 0.163*** 

10.102) 10.115j [0.121j 10.111) [0.051] 

Bir th weight(kg)： < 2 -0.389*** -0.524*** -0.367*** -0.078 0.030 

10.0871 lO.OSO! 丨 O.O95] (0.055) |0.041) 

B ir th weight(kg): 2-2.5 -0.329*** -0.323*** -0.141* -0.081* 0.080** 

[0.074] [0.065] 10.081) [0.044] [0.036) 

B i r th weight (kg): 2.5-3 -0.228*** -0.207*** -0.054 -0.037 0.046 

10.065) (0.054) [0.0681 [0.037] [0.032] 

Gender ( b o y = l ) 0.027 0.058 0.031 -0.032 0.047** 

[0.052] [0.041] [0.052] [0.026) [0.0201 

# Observations 1423 1435 1411 1455 1451 

R-sqiiared 0.021 0.048 0.021 0.047 0.019 

Source： C C T S . Notes: Each co lumn comes from a separate regression. Robus t s tandard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 

Table 53: Within-Twin-Pair FE Estimates of the Determinants of Health (Rural 
Sample) 

Height We igh t B M I Hea l th Hospita l 

(2-score) (2-score) (z-score) S ta tus Visits 

Early heal th shocks ^ O i " " " - 0 . 4 9 4 * * * -0.418*** - 0 . 5 2 2 * * * 0 . 0 8 5 

10.165] [0.154] [0.121】 [0.164] [0.060] 

B i r th wcight(kg): < 2 -0.393*** -0.433*** -0.226* -0.141* 0.028 

[0.133] [0.108] 10.126] [0.084] [0.050] 

B i r th weight(kg): 2-2.5 -0.379*** -0.228*** 0.043 -0.105* 0.107*** 

[0.108] [0.0801 I0.105j [0.0601 [0.037] 

B i r t h weight (kg): 2.5-3 -0.219** -0.158** 0.048 -0.024 0.060* 

[0.093] [0.066] [0.086] [0.046] [0.033] 

Gender ( b o y = l ) 0.054 0.087 0.095 -0.033 0.039 

[0.071] [0.054] [0.064] (0.038] [0.025] 

# Observations 740 755 745 773 771 

R-squared 0.027 0.052 0.031 0.055 0.020 

Source: CCTS. Notes: Each column comes from a sepcirate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 54: Within-Twin-Pair FE Estimates of the Determinants of Health (Urban 
Sample) 

Height Weight B M I Health Hospital 

(2-scorc) (z-score) (2-score) Stfttus Visits 

Early health shocks -0.091 -0.040 -0.409*** 0.221*** 

[0.127] 10.158! (0.184) (0.151) 10.076] 

Birth weight(kR): <2 -0.383*** -0.640*** -0.548*** -0.015 0.024 

10.107) I0.121j 丨 0.143j [0.071) [0.073] 

Birth weight(kg): 2-2.5 -0.282*** -0.445*** -0.368*** -0.059 0.043 

|0,094] lO.lOS] (0.124) |0.0G7] |0.068l 

Bir th weight (kg): 2.5-3 -0.232*** -0.273*** -0.188* -0.048 0.026 f 

10.084) . |0.092l 丨0.106) [0.0611 丨0.062j 

Gcnclei ( b u y = l ) -0.002 0.023 -0.057 -0.032 0.058* 

10.075] 10.064] (0.087] (0.033) (0.0331 

朴 Observations 683 680 666 G82 G80 

R-squared 0.019 0.058 0.032 0.046 0.023 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors are 

ill brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 

/ 

Table 55: Within-Twin-Pair FE Estimates of the Determinants of Health (Male 

、 Sample) 

Height Weight B M I Health Hospital ‘ 

, ( 2 -sco rc ) (2-score) (2-score) Status Visits 

Early health shocks O O ^ -0.073 . 0 . 1 0 2 • - 0 . 4 4 1 * * 0 . 2 0 5 * * 

10.100] |0.186j 丨 0.1571 丨 0.186] 10.084) 

Birth wcight(kg): < 2 -0.449*** -0.473*** -0.256* -0.042 0.045 

[0.114] [0.127] [0.152j [0.083! [0.078] 

Birth wcight(kg): 2-2.5 -0.332*** -0.360*** -0.168 -0.034 0.056 

(0.1031 10.110] (0.141 丨 [0.0681 |0.063j 

Birth weight (kg): 2.5-3 -0.210** -0.143* -0.019 0.013 0.034 

10.087) (0.080) 10.111) 丨0.050! |0.058| 
Gender ( b o y = l ) 

# Observations 524 527 519 538 535 

R-squareci 0.039 0.048 0.015 0.057 0.018 

Source: CCTS . Notes: Each column conies from a separate regression. Robust standard errors are 

ill brtic'-kets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 56: Within-Twin-Pair FE Estimates of the Determinants of Health (Female 
Sample) 

Height Weight B m H e a l t h H o s p i t a l 

(z-score) (^-score) (2-score) Status Visits 

Early health shocks O 0 7 - 0 . 2 5 1 * * - 0 . 3 5 5 * * - 0 . 3 2 7 * 0 . 1 1 5 ~ 

(0.154| 10.122! 丨 0.1591 10.191) [O-OSl] 

Birth wcight(kg): < 2 -0.071 -0.525*** -0.571*** -0.085 0.049 

(0.098] 丨 0.1101 10.127) 10.0781 l0.065j 

Birth woiKht(kg): 2-2.5 -0.065 -0.297*** -0.304*** -0.072 0.099* 

(0.073) [0.08(3j (0.101) |0.059] |0.05(Jj 

Birth weight (kg): 2.5-3 -0.066 -0.226*** -0.200** -0.031 0.054 

|0.056| (0.077) [0.087] 丨0.047] [0.051] 
Goiidcr (l)oy=l) 

甘 Observations 548 553 544 558 558 

R-scjiiarecl 0.002 ‘ 0.056 0.054 0.027 0.014 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant, at 10%; ** significant at 5%; *** significant at 1%. 

Table 57: Within-Twin-Pair FE Estimates of the Determinants of Health 

(Mixed-Gender Sample) 

— — Height Weight B M I Health H o s p i t a f 

(z-score) (z-score) (z-score) Status Visits 

Early health shocks -0.303 -0.G41** - 0 . 4 9 7 - 0 . 6 4 1 * * * 0.152 — 

10.315] (0.262] 丨 0.312] 10.172] [0.104| 
Birth wdght (kg) : <2 -0.699*** -0.613*** -0.310 -0.110 -0.015 

[0.230] [0.179] [0.215] [0.122] [0.072] 

Bir th weight(kg): 2-2.5 -0.617*** -0.344** 0.027 -0.161* 0.090 

10.1801 丨 0.134] [0.166] |0.097j [0.065j 

Bir th weight (kg): 2.5-3 -0.376** -0.254** 0.037 -0.094 0.055 

丨 0.1561 (0.1111 10.137] 丨0.085! |0.055| 
Gender ( b o y = l ) 0.019 0.061 0.040 -0.031 0.046** 

‘ [0.053] 10.041) [0.0521 (0.020) |0.020) 

善 ObH(!rvati()ns 351 355 348 359 358 

R-squared 0.047 0.064 0.024 0.068 0.032 

Source: CCTS. Notes: Each column comes from a sepcirate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 68: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Female Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.345** -0.529*** -5.158*** -5.384** 

10.150) (0.147j (1.659) |2.659| 

Birtl i weight(kg): < 2 -0.184* -0.182 -2.335* -2.454 

10.102) 10.114] |1.380j I1.G531 

Bir th woight(kg): 2-2.5 -0.081 -0.038 -1.281 -0.395 

[0.0751 10.090] [1.142) 11.329) 

Birth weight (kg): 2.b-3 -0.050 0.011 -1.155 -0.151 

• I0.0G51 [0.075] 10.961] |1.136| 

Gnnder (l)oy-:l) -0.179*** 0.014 -2.659*** -0.633 

10.047] (0.054) 丨 0.7131 [0.843j 

并 Observations 1431 1425 1362 1343 

R-squarcd 0.022 0.017 0.022 0.009 

Soiircc: CCTS . Notes: Each co lumn comes from a separate regression. Robust standard errors are 

in brackets; * significant i\t 10%; ** significant at 5%; *** significant at 1%. 

T^blc 59: Within-Twin-Pair FE Estimates of the Determinants of Academic 

Performance (Rural Sample) 

Literature Mathemat ics Literature Mathemat ics 

‘ (self-rcported) (self-reported) (exam record) (exam record) 

Early health shocks ^ O J ^ -0.598*** -5.441** -2.604 

10.160) 10.168) [2.572] |2.666) 

Bir th woight(kg): < 2 -0.107 -0.255 -3.175 -2.489 

10.148] 10.157) 12.041) [2.247] 

Birth weight(kg): 2-2.r) -0.012 -0,012 -2.361 -0.543 

|0.090j . |0.112| 丨 1.6261 |1.865l 

Birth weight (kg): 2.5-3 0.023 0.120 -2.244 -1.317 

10.0681 (0.082] 丨 1.385 丨 11.5971 
Gender ( b o y = l ) -0.178*** -0.09G -3.231*** -2.027* 

(0.062) 10.0661 [1.0391 l l . lG l j 

# Observations 759 757 711 705 

R-squarcd 0.017 0.034 0.027 0.009 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

ill brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 68: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Female Sample) 

Literature Ma themat i cs Literature Mathemat i cs 

(self-reported) (self-reported) (exam record) (exam record) 

"Ea r l y heiUth shocks -0.511** -0.510** -4.632** -7.330* 

10.236) 10.227] [2.214] 14.279) 

B iHh wciKht(kg): < 2 -0.289* -0.16G -1.123 V -2.135 

[0.1521 |0.172j [1.7971 乂 [2.384) 

Bir th weight lkg) : 2-2.5 -0.181 -0.116 0.221 0.127 

|0.134| 10.151] 11.5111 11.822) 

B ir th weight (kg): 2.5-3 -0.154 -0.151 0.291 1.250 

[0.125] 10.140] 11.235] [1.540] 

Gender ( l i o y ^ l ) -0.180** 0.173** -1.893** 1.203 

[0.0741 (0.088] 丨 0.914) [1.213| 
# Observat ions 672 668 651 638 

R-sciiiarcd 0.036 0.022 0.018 0.024 

Source: C C T S . Notes： Each co lumn comes from a separate regression. Robus t s tandard errors arc 

in brackets; * sigiiificmit at 10%; ** significant at 5%; • * * significant at 1%. 

Tabic 61: Within-Twin-Pair FE Estimates of the Determinants of Academic 
Performance (Male Sample) 

Literature Ma thema t i c s Literature Mathemat i cs 

(self-reported) (self-reported) (exam record) (exam record) 

Early heal th shocks -0.653*** -5.630** -6.272* 

[0.242丨 [0.229] (2.527] [3.718] 
Bir th wcight(kg): < 2 -0.163 -0.069 0.985 -3.225 

[0.181] [0.1911 12.342] 12.431) 

B ir th weight(kg): 2-2.5 -0.201* -0.096 -1.438 -2.844 

10.118) 10.145) 丨 1.7361 (1.916] 
Bir th weight (kg): 2.5-3 -0.194* ， -0.079 -1.846 -3.046** 、 

10.1111 、 (0.1281 11.292] 11.336] 
Gender ( b o y = l ) 

# Observat ions 527 523 507 500 

R-squared 0.018 0.022 0.019 0.015 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

ill brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 68: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Female Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocl^ -0.461* -0.457* -2.020 -3.776 

. [0.2411 [0.270] 11.940) |5.815) 

Birth woight(kg): < 2 -0.213 -0.014 -4.843* -0.483 

(0.147] [0.169] 12.531) [2.988] 

Birth weight(kg): 2-2.5 -0.085 0.068 -2.808 0.156 

10.108] 10.134! (2.3511 (2.542| 

Birth weight (kg): 2.5-3 -0.097 0.064 -2.142 -0.949 

(0.090] 10.1141 (2.1941 |2.331j 

Gender ( b o y = l ) 

# Observations 551 549 519 511 

R-squared 0.017 0.011 0.010 0-004 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 

Table 63: Within-Twin-Pair FE Estimates of the Determinants of Academic 
Performance (Mixed-Gender Sample) 

Literature Mathemat ics Literature Mathemat ics 

(self-reported) (self-reported) (exam record) (exam record) 

Early health shocks -0.133 -0.470* -8.104** -6.843 

[0.292] [0.247] 13.773] (4.354) 

Birth weight(kg): < 2 -0.204 -0.586** -3.897 -5.630* 

[0.2061 [0.230] 12.4111 [3.0411 

Birth weight(kg): 2-2.5 0.061 -0.071 0.448 1.866 

10.1631 [0.189] 12.0071 12.524) 

. Birth weight (kg): 2.5-3 0.136 0.067 0.340 3.632* 

10.126) (0.1441 11.476] (2.150) 

Gender ( b o y = l ) -0.180*** 0.001 -2.632*** -0.632 

[0.047] 10.055] 10.723] [0.843) 

# Observations 353 353 336 332 

R-squared 0-048 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

ill brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 68: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Female Sample) 

Good Student Awards in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

"Ea r l v health shocks -0.185*** - 0 . 0 8 7 * * 0 . 1 0 9 * * * 0.100* 0.279** 

10.069) 10.039] [0.042] [0.061] 10.131| 

Bir th weight(kg): <2 -0.070 0.017 -0.010 0.033 -0.002 

[0.050] 10.029) [0.026] |0.040| 10.087) 

Birth weight(kg): 2-2.5 -0.034 0.018 -0.014 0.030 -0.079 

10.041] 10.027] (0.022] [0.030] |0.067j 

Birth weight (kg): 2.5-3 "0.016 0.011 -0.008 0.035 0.040 

. [0.037] 10.024] 10.019] |0.027] [0.056] 

Gender ( l ) oy= l ) -0.086*** -0.031** 0.003 0.083*** 0.293*** 

10.027丨 (0.0141 (0.014) [0.021] [0.045) 

廿 Observations 1461 1461 1461 1459 1445 

R-sqiiared 0.010 0.010 0.019 0.050 

Source: CCTS . Notes: Each co lumn comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 

Table 65: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Rural Sample) 

“ Good S t u d e n t A w a r d s in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks -0.096 0.006 0.083 -0.039 0.396* 

[0.0861 [0.006) 10.055) [0.042] [0.233] 

Birth weight(kg): < 2 -0.131** 0.003 -0.024 -0.003 0.015 

[0.060] 10.0281 10.043) [0.042] 10.123] 

Birth wcight(kg): 2-2.5 -0.099** 0.006 -0.014 0.032 -0.054 

10.046] I0.022j [0.034] [0.032) [0.086] 

Bir th weight (kg): 2.5^3 -0.082** 0.006 0.004 0.050** 0.084 

‘ 10.037] 10.022] lO.O29] lO.O25] [0.067] 

Gender ( b o y = l ) -0.110*** -0.028** 0.002 0.041* 0.377*** 

10.033] [0.013] . 10.021] (0.0241 (0.0611 

# Observations 773 773 773 771 766 

R-sqiicU-ed 0.007 0.006 0.011 0.084 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

ill brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 66: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Urban Sample) 

Good Student Awards in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

health shocks -0.236** -0.163** O l ^ 0.197** O A ^ 

[0.105] [0.068] 10.062) |0.100l [0.143] 

Birth weight(kg): < 2 0.016 0.037 0.000 0.057 -0.021 

[0.086] (0.0581 (0.026] 10.072] 丨 0.127j 

• Birth weight(kg): 2-2.5 0.059 0.036 -0.019 0.018 -0.112 

10.075) [0.055) [0.0221 [0.058] [0.108] 

Birth weight (kg): 2.5-3 0.071 0.019 -0.025 0.011 -0.010 

[0.071] [0.049] 10.020) [0.0551 10.095) 

Gender (boy二 1) -0.054 -0.036 0,004 0.144*** 0.174*** 

10.0451 丨 O.O28! (0.018] [0,0371 10.066] 

‘ # Observations 688 688 688 688 679 

R-squarcd 0.019 0.017 0.023 0.047 0.021 

Source: CCTS . Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 

Table 67: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Male Sample) 

“ Good Student Awards in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks -0.252** 0.127* 0045 0 ： ^ 

10.103] 10.068) 10.068] 10.108! [0.182] 

Bir th weight(kg): < 2 -0.179** 0.043 -0.040 0.082 0.060 

10.0811 10.0471 (0.049] 10.061] [0.145] 

. Birth weight(kg): 2-2.5 -0.118* 0.042 -0.019 0.082 -0.098 

(0.061) (0.0431 10.037] (0.052) [0.093| 

Birth weight (kg): 2.5-3 -0.123** 0.013 -0.014 0.074 0.033 

10.060] 10.038] 10.039] [0.047] [0.072] 

Gender ( b o y = l ) 

# Observations 541 541 541 541 532 

R-squared 0.031 0.014 0.020 0.006 0.014 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Table 68: Within-Twin-Pair FE Estimates of the Determinants of Schooling 
Performance (Female Sample) 

Good S t u d e n t A w a r d s in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks -0.223* -0.054 E m O l u 0 ： ^ 

(0.129) [0.056] 10.074] [0.075! |0.207l 

Birth weight(kg): < 2 0,022 -0.006 -0.023 0.012 -0.088 

[0.073] [0.049] [0.046] |0.059) [0.132] 

Birth woight(kg): 2-2.5 0.055 -0.007 -0.044 -0.001 -0.103 

(0.0641 [0.046] [0.044] 10.043! 10.107] 

Birth weight (kg): 2.5-3 0.035 -0.001 -0.038 0.004 0.024 

10.055] 10.038) 10.039 丨 丨0.039| 10.082) .、 
Gender (boy二 1) 

# Observations 560 560 560 559 554 

R-squared 0.002 0.016 0.006 0.013 

Source: CCTS . Notes: Each columu comes from a separate regression. Robust standard errors are 

in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 

Table 69: Within-Twin-Pair FE Estimates of the Determinants of Schooling 

Performance (Mixed-Gender Sample) 

Good Student Awards in Grade Parents Minor actions 

Awards Contests repetition interviewed in class 

Early health shocks -0.055 

10.124] 10.075] [0.075] 丨 0.119] 
Birth weight(kg): < 2 -0.034 0.010 0.022 -0.002 0.063 

[0.114) [0.060] [0.055] 10.091) 10.182) 

Birth weight(kg): 2-2.5 -0.037 0.022 0.018 0.012 -0.005 

10.086] 10.050) [0.035] ‘ 10.061] [0.143) 

Birth weight (kg): 2.5-3 0.045 0.021 0.022 0.019 0.056 

[0.072] [0.048] [0.018] [0.052] 10.126] 

Gender ( b o y = l ) -0.086*** -0.031** 0.005 0.080*** 0.291*** , 

(0.0281- 10.0141 10.0151 [0.022] |0.046] 
# Observations 3 6 0 。 360 360 359 359 

R-squared 0.035 ( 0.018 0.004 0.049 O.US 

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are 

ill brackets; * significant at 10%; ** significant at 5%; *** significant at 1%. 
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Appendix for Essay Two 

Education and Preferences: 

Experimental Evidences from Chinese Adult Twins 

.182 



Appendix I: Experiment Instruction 

Game One (Moderate Prospect) 

We will randomly draw one card from a deck of 20 cards: 10 red and 10 black. You 

have two options. 

. • Guess the color of the card drawn. You will receive RMB40 if your guess is 

correct; and nothing if your guess is wrong. 

• Receive a sure amount of money if you do not wish to guess. 

Tick "V" your choice. Tick only one. You will be paid based on your decision. 

* M 

1.) Guess: Red — Black — 

You will receive RMB40 if your guess is correct; and nothing if your 

guess is wrong. 

• 2.) Receive RMB20 — 

令 Note: This is on risk attitude toward moderate prospects. If subjects choose 1)，they are 

classified as risk tolerant，otherwise risk averse. ‘ 
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Game Two (Moderate Hazard) 

We will randomly draw one card from a deck of 20 cards: 10 red and 10 black. You 

have two options, 

• Guess the color of the card drawn. You will lose RMBIO if your guess is wrong; 

and nothing if your guess is correct. 

• Lose a sure amount of money if you do not wish to guess. 

Tick "V" your choice. Tick only one. You will be paid based on your decision. 

1.) Guess: Red Black 

You will lose RMB10 if your guess is wrong; and nothing if your guess is 

correct. 

2.) Lose RMB5 — 

r 
» 

Note: This is on risk attitude toward moderate hazards. If subjects choose 1)，they are 

classified as risk tolerant, otherwise risk averse. 
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Game Thre^ (Longshot Prospect) 

You have the following three options: 

"Pick 7 out of 36” The market price for this lottery ticket is RMB 2. The maximal 

prize is 5 million 

"Permutation 5" The market price for this lottery ticket is RMB2. The maximal 

prize is 0.1 million 

"RMB 2 for sure" 

Tick "V" your choice. You will be paid based on your decision. 

1.) “One in 100” 

2.) “One in 10” 

3.) “RMB2 for sure” 

Other than your first choice，tick "V" your choice from the two remaining. You will not 

be paid in this decision.. , 

1.) “One in 100” � 

2.) “One in 10” 

3.) "RMB2 for sure" ‘ 

Note: This is on risk attitude toward longshot prospects. We used real lottery tickets in 

the experiment. Subjects are classified as risk tolerant in the sense of exhibiting longshot 

preference, when 1 is preferred to 2，which is in turn preferred to 3. 
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Game Four (Longshot Hazard) 

You have the folloing two options: 

• Lose RMB2 for sure. 

• Draw one card randomly from a deck of 10 cards numbered from 1 to 10 for three 

times. If you get the card with number 1 each time, you lose RMB2000 and 

nothing if you do not get the card with number 1 each lime. 

Tick "V" your choice. Tick only one. This is a hypothetical choice.、 

1.) Lose RMB2 for sure 

2.) Draw the cards 

Note: This is on risk attitude toward longshot hazards. If subjects choose 1), they are 

classified as risk averse, otherwise risk tolerant. 

t 

r 
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Game Five (Allais-Type Behavior) 

For cither alternative, a card will be drawn at random from a deck of 10 cards numbered 

from 1 to 10. These are all hypothetical choice. Please choose the one you like. 

1. Which would you prefer? Tick “ � ” your choice 

A. Receiving RMBIOO if #1 to #8 is drawn. Receiving 0 if #9 or #10 is drawn. 

B. Receiving RMBIOO if #1 to #9 is drawn. Paying RMB80 if#10 is drawn. 

2. Which would you prefer?. Tick 叫 ” your choice 

A. Receiving 0 if #1 or #2 is drawn. Paying RMB80 if #3 to #10 is drawn. 

B. Receiving RMBIOO if #1 is drawn. Paying RMB80 if #2 to #10 is drawn 

I 

Note: This is on Allais-type behavior. If subjects choose AA, or BB, we classify these 

subjects as expected utility type behavior. If subjects choose AB, we classify these 

subjects as Allais-type behavior. 

• 

I 

I 
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Game Six (Ambiguity Aversion) 

You have the following two options: 

T1: Guess the color of a card we draw randomly from a deck of 20 cards - 10 red 

and 10 black. You will receive RMBIO if your guess is correct; and nothing if 

your guess is wrong. 

丁2: Guess the color of a card we draw randomly from a deck of 20 cards with 

unknown proportions red and black cards. You will receive RMBl2 if your 

guess is correct; and nothing if your guess is wrong.. 

Tick 叫 ” 
your choice. Tick only one. You will be paid based on your decision. 

Participate in T1 Participate in T2 

R e d _ _ B l a c k — R e d _ _ B l a c k _ _ 

Note: This is on ambiguity aversion. If subjects bet on Tl, they are ambiguity averse. 

I 
( 
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Game Seven (Familiarity Bias) 

You have the following two options: 

Tl: Guess whether the high temperature recorded in Beijing on 2008 was odd 

or even. You will receive RMBl 1 if your guess is correct; and nothing if your 

guess is wrong. 

丁2: Guess whether the high temperature recorded in Tokyo on 2008 was odd or 

even. You will receive RMBl 3 if your guess is correct; and nothing if your guess 

is wrong. -

Tick 叫 ” your choice. Tick only one. You will be paid based on your decision. 

Participate in T1 Participate in T2 

Odd Even Odd Even 

Note: This is on familiarity bias. If subjects bet on Tl, they are familiarity biased. 

(Beijing is the capital of China, and Tokyo is the capital of Japan. We assume that our 

Beijing subjects are more familiar with Beijing than Tokyo) 

\ 

\ 
i 
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Game Eight (Impatience and Hyperbolic Discounting) 

The questions here are all hypothetical. Your decision will not have any real financial 

consequence. Please answer the following questions supposed you need to make 

decisions facing such situations. 

1. Suppose that you can get RMBIOO tomorrow, or you can get RMB 120 eight days 

later. Which one do you prefer: 

(1) Get RMB 100 tomorrow; 

: , (2) Get RMB 120 eight days later. 

f 

2. Suppose that you can get RMBIOO 91 days later, or you can get RMB 120 98 days 

later. Which one do you prefer: . 

(1) Get RMBIOO 91 days later; 

(2) Get RMB 120 98 days later. 

Note. This is on time discounting. If subjects choose RMBIOO today in the first case, 

they are impatient. If they prefer RMBIOO today over getting RMB 120 seven days, and 

prefer getting RMB 120 98 days later over getting RMBIOO 91 days later, they exhibit 
-T 

hyperbolic discounting behavior. 

t, 

f 
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Game Nine (Anticipation) 

Suppose you will have dinner with your favorite star. You could choose having it today, 

or three days later. You would choose: 

/ 

(1) Today; 

(2) 3 days later. 

Note. This is on anticipation. If subjects choose 3 days later, they have preference of 

anticipation. 

/ 
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Game Ten (Dread) 

Suppose you will take a non-lethal 110 volt shock. You could choose taking it today, or 

three months later. You would choose: 

(1) Today; 

(2) 3 months later. 

Note. This is on dread. If subjects choose today, they have preference of dread. 

<i 
I 
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Game Eleven (Hopefulness) 

Suppose your relative has pregnant for three months. In a regular body check, the sex of 

the baby could be detected. You would prefer to: 

(1) know it immediately; 

(2) delay until it is bom. 

\ 

Note. This is on hopefulness. If subjects choose to delay, they have preference of 

hopefulness. 

- ， . -

» 
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Game Twelve (Anxiousness) 

Suppose you have 90% chance of winning RMBIOOO. The uncertainty is supposed to 

resolve today. Something happens, so it is delayed until 2 weeks later. If you pay RMB2, 

you could resolve the uncertainty immediately. Would you pay RMB2? 

⑴ Yes; 

(2) No. 

Note. This is on anxiousness. If subjects choose to pay, they have preference of 

anxiousness. 
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Appendix III : The Education System in China 

Technical * 
school Go to wofk Pos«gn>d 
(age IS) . (age 19) lage 221 

厂 / 
/ University / 

aycMS / ‘"̂g:，的 / 
p,!^ ^ \ / — \ 
school «J、ool \ / \ 

一 一 V / \ 
9 I Examindtion IC • 
⑷纳 • • \ Goto work 
M:hool \ 221 \ 

Go to woik 
(Age 18) 

Note: (a) the entrance age for primary school is not fixed at 6. Most of children enter at primary school at age 5-7. (b) 

Before 1986, the primary education was 5 years in most areas; after 1986, the country began to promote a 6-years 

primary education system. In the early 1990s, almost all areas adopted the 6-ycar primary education system. (c)i*here 

are some high school graduates enter into technical school. In our sample, 36% of the technical school graduates 

have studied high school before entering technical school. The remaining 64% technical school graduates only 

studied middle school before entering technical school. 

» » 
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Appendix IV: OLS and Within-Twin-Pair Fixed-Effects Estimates of 
Education and Decision Making under Risk and Uncertainty 

Tabic A1: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Decision Making under Risk and 

Uncertainty 

Dependent variables 

Moderate prospect Moderate hazard 

O ^ FE O ^ FE 

(1) (2) (3) (4) (5) (6) 

High school -0.087 -0.099 0.081 -0.130 -0.073 -0.057 

(0.80) (0.89) (0.42) (1.28) (0.70) (0.29) 

Technical school 0.002 0.074 0.199 -0.090 0.042 0.183 

(0.02) (0.53) (0.87) (0.74) (0.32) (0.79) 

College and above 0.004 0.060 0.438** -0.060 0.016 0.386* 

(0.034) (0.43) (2.03) (0.54) (0.12) (1.77) 

Age 0.033 0.055 0.064** 0.072* 

(1.00) (1.41) (2.05) (1.97) 

Agc-squarcd -0.041 -0.066幸 -0.081 •• -0.091 •• 

(1/100) (1.18) (1.65) (2.48) (2.41) 

Male 0.0330 -0.029 0.004 -0.017 

(0.39) (0.33) (0.06) (0.21) 

Father middle school 0.012 -0.193 * 

(0.10) (1.68) 
Father high school 0.159 0.098 

(0.79) (0.51) 

Father technical school 0.143 -0.282 

(0.60) (1.26) 

Father coUege or above 0.302* -0.029 

(1.83) (0.19) 

Mother middle school -0.丨 94 0.007 

(1.41) (0.06) 

Mother high school -0.377** -0.294* 

(2.12) (1.75) 

Mother technical school -0.520*** -0.089 

(2.65) (0.48) 

Mother college or above -0.201 0.046 
(0.83) (0.20) 

Observations 140 140 140 140 140 140 

Twin pairs 70 70 

R-squarcd 0J9 OJ? 0.09 

Note: Absolute values of t -statistics computed based on the permutation procedure (Freedman and Lane, 1983) are 
in parentheses; • significant at 10%; ** significant at 5%; significant at 1%; the omitted educational group for 
the individual is middle school and below, and the omitted educational group for parental education is primary 
school; a city dummy is included in each OLS estimation. 
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Tabic Al: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Decision Making under Risk and 

Uncertainty (Cont.) 

Dependent variables 

Longshot prospect Longshot hazard 

O I ^ FE 01^ FE 

U) (8) (9) (10) (11) (12) 

High school 0.094 0.129 0.202 -0.187 -0.167 -0.331 

(0.85) (1.13) (0.96) (1.60) (1.43) (1.55) 

Technical school 0.180 0.234 0.338 0.0186 0.081 -0.165 

(1.36) (1.62) (1.36) (0.14) (0.57) (0.67) 

Collcgc and above 0.061 0.158 0.482V -0.085 -0.064 -0.061 

(0.50) (1.10) (2.06) (0.69) (0.44) (0.26) 

Age 0.03 丨 0,013 0.041 0.044 

(0.90) (0.33) (1.17) (1.07) 

Age-squared -0.048 -0.034 -0.057 -0.064 

(1/100) (1.35) (0.82) (1.55) (1.52) 

Male -0.029 -0.008 -0.042 -0.076 

(0.34) (0.095) (0.46) (0.81) 

Father middle school -0.193 -0.150 

(1.56) (1.16) 

Father high school -0.073 -0.229 

(0.35) (0.97) 

Father technical school -0.446* 0.244 

(1.83) (1.02) 

Father college or above -0.340** 0.321 * 

(2.01) (1,86) ^ 

Mother middle school -0.059 -0.137 

(0.42) (0.92) 

Mother high school 0.051 0.004 

(0.28) (0.024) 

Mother technical school 0.049 -0.225 

(0.24) (1.13) 

Mother college or above 0.296 -0.406* 

， (1.19) (1.67) 

Observations 140 140 140 128 128 128 

Twin pairs 70 64 

R-squared 0J4 0J4 0.05 

Note: Absolute values of t -statistics computed based on the permutation procedure (Frecdman and Lane, 1983) are 

in parentheses; • significant at 10%; ** significant at 5%; significant at 1%; the omitted educational group for 

the individual is middle school and below, and the omitted educational group for parental education is primary 

school; a city dummy is included in each OLS estimation., 
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Tabic Al: OLS and Within-Twin-Pair Fixcd-Effccts Estimates of Education and Decision Making under Decision 

Making under Risk and Uncertainty (Cont.) , 

Dependent variables 

Allais-type behavior Ambiguity aversion 

FE O ^ FE 

(13) (14) (15) “ (16) (17) (18) 

High school 0.092 0.094 0.295 0.176 0.077 0.372_ 

(0.97) (0.96) (1.64) (1.56) (0.67) (1.72) 

Technical school 0.064 0.056 0.274 0.369*** 0.240* 0.242 

(0.59) (0.47) (1.33) (2.73) (1.66) (0.95) 

College and above 0.177* 0.206* 0.417** 0.213* 0.230 0.175 

(1.77) (1.73) (2.15) (1.73) (1.60) (0.73) 

Age -0.060* * -0.098*" 0.020 0.020 

(2.11) (2.84) (0.59) (0.50) 

Age-squared 0.070** 0,107_** -0.017 -0.018 

(1/100) (2.32) (3.00) (0.47) (0.44) 

Male -0.128* -0.134* -0.075 -0.076 

(1.73) (1.71) (0.85) (0.85) 

Father middle school 0.107 0.303** 

(1.03) (2.44) 

Father high school -0.246 -0.033 

(1.28) (0.16) 

Father technical school -0.034 0.112 

(0.18) (0.46) 

Father collcge or above 0.037 0.055 

(0.26) (0.32) 

Mother middle school -0.125 -0.191 

(1.05) (1.36) 

Mother high school -0.108 0.184 

. (0.75) (1.01) 

Mother technical school 0.M5 -0.353* 

(0.90) (1.75) 

Mother collcge or above -0.098 -0.083 
(0.50) (0.33) 

Observations 122 122 122 140 140 140 

Twin pairs 61 70 

R-squared 0J5 ^ 0J7 0.05 

Note: Absolute values of /-statistics computed based on the permutation procedure (Freedman and Lane, 1983) are 

in parentheses; • significant at 10%; significant at 5%; • • • significant at 1%; the omitted educational group for 

the individual is middle school and below, and the omitted educational group for parental education is primary 

school; a city dummy is included in each OLS estimation. 
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Table A1: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Decision Making under Risk and 

Uncertainty (Cont.) 

Dependent variables 

； Familiarity bias ’ 

O ^ ¥B 

(19) • (20) (21) 

High school 0.080 0.092 0.319* 

(0.85) , (0.98) (1.65) 

Technical school -0.160 -0.171 0.065 

(1.43) ‘ (1.43) (0.28) 

College and above -0.125 -0.093 0.007 

(1.22) (0.78) (0.032) ， 
Age 0.001 -0.004 . 

(0.032) (0.12) 

Age-squared 0.009 • 0.0161 

(1/100) (0,31) (0.48) 

Male 0.0176 0.0845 

‘ (0.24) ‘ (1.14) 

Father middle school -0.081 
(0.79) 

Father high school 0.047 

‘(0.23) 

Father technical school -0.139 ‘ 

(0.69) 

Father collcgc or above -0.380"* 

(2.73) 

Mother middle school 0.050 

(0.43) 

Mother high school ‘ ‘ 0.264* , . 

(1.76) 
• ^ 

Mother technical school 0.287* 

• (1.73) ‘ • 

Mother college or above 0.115 
(0.56) 

Observations 140 140 140 

Twin pairs 70 

R-squared OJO 

Note: Absolute values of t -statistics computed based on the permutation procedure (Frccdman and Lane, 1983) are 

in parentheses; • significant at 10%; • • significant at 5%; • • • significant at 1%; the omitted educational group for 

the individual is middle school and below, and the omitted educational group for parental education is primary 

school; a city dummy is included in each OLS estimation. 
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Appendix V: OLS and Within-Twin-Pair Fixed-Effects Estimates of 
Education and Decision Making Involving Time 

Tabic A2: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Preferences Involving Time 

Dependent variables 

Impatiencc Hyperbolic discounting 

O ^ FE O ^ FE 

⑴ ⑵ (3) (4) (5) (6) 
High school 0.047 0.017 -0.004 -0.064 -0.055 -0.133 

(0.42) (0.15) (0.020) (0.66) (0.53) (0.66) 

Technical school -0.133 -0.177 -0.413 0.010 -0.004 -0,057 

(1.00) (1.19) (1,56) (0.088) (0.032) (0.24) 

L,ollegc and above -0.211 • -0.214 -0.520** -0.116 -0.188 -0.382* 

(1.73) (1.44) (2.09) (1.09) (1.45) (1.70) 

Age -0.011 -0.011 -0.002 0.001 

(0.33) (0.27) (0.08) (0.03) 

Age-squared 0.015 0.015 -0.007 -0.009 

(1/100) (0.42) (0.35) (0.23) (0.24) 

Male -0.256*" -0.248_** -0.178** -0.175_* 

(2.93) (2.69) (2.33) (2.17) 

Father middle school 0.059 0.024 

(0.46) (0.22) 

Father high school -0.148 0.045 

(0.69) (0.24) 

Father technical school 0.075 0.072 

(0.30) (0.33) 

Father collcgc or above 0.044 0.099 

(0.25) (0.65) 

Mother middle school 0.003 0.050 

(0.020) (0.39) 

Mother high school 0.210 , 0.073 

‘ (1.11) (0.44) 

Mother technical school -0.028 0.187 

(0.14) (1.03) 

Mother college or above -0.221 -0.160 

‘ (0.86) (0.72) 

Observations 140 140 140 140 140 140 

Twin pairs 70 70 

R-squarcd 0J6 OJO 0£7 0.07 

/ 

Note: Absolute values of t -statistics computed based on the permutation procedure (Freedman and Lane, 1983) are 

in parentheses; • significant at 10%; significant at 5%; • • • significant at 1%; the omitted educational group for 

the individual is middle school and below, and the omitted educational group for parental education is primary 

school; a city dummy is included in each OLS estimation. 
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Tabic A2: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Preferences Involving Time (Com.) 

Dependent variables 

Anticipation Dread 

FE O ^ FE 

(7) (8) (9) (10) (11) (12) 

High school 0,068 0.058 0.048 -0.301 -0.284** -0.220 

(0.61) (0.51) (0.23) (2.84) (2.55) (1.14) 

Technical school 0.127 0.058 0.136 -0.215* -0.233 -0.515串* 

(0.98) (0.41) (0.56) (1.70) (1.65) (2.22) 

College and above 0.290** 0.152 0.208 -0.132 -0.214 -0.389* 

(2.49) (1.09) (0.92) (1.17) (1.56) (1.81) 

Age -0.046 -0.028 -0.008 -0.008 

(1.34) (0.70) (0.25) (0.21) 

Age-squared 0.042 0.021 0.002 -0.000 

(1/100) (1.17) (0.50) (0.053) (0.0024) 

Male 0.155* 0.111 0.017 -0.015 

(1.73) (1.22) (0.20) (0.18) 
Father middle school -0.053 0.022 

(0.42) (0.19) 

Father high school 0.010 0.029 

(0.051) (0.14) 

Father technical school -0.169 -0,345 

(0.73) (1.49) 

Father collcgc or above 0.252 0.135 

(1.43) (0.82) 

Mother middle school 0.014 0.018 

(0.11) (0.14) 
Mother high schoo丨 0.350** 0.054 

(2.03) (0.31) 

Mother technical school -0.139 0.057 

(0.72) (0.30) 

Mother collcgc or above -0.009 0.068 

(0.037) (0.29) 

Observations 130 130 130 136 ” 136 136 

Twin pairs 65 68 

R-squarcd ‘ O m OJ j 0.07 

Note: Absolute values of t -statistics computed based on the permutation procedure (Freedman and Lane, 1983) are 

in parentheses; • significant at 10%; significant at 5%; • • • significant at 1%; the omitted educational group for 

the individual is middle school and below, and the omitted educational group for parental education is primary 

school; a city dummy is included in cach OLS estimation. 
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Tabic A2: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Prcfercnccs Involving Time (Cont.) 

Dependent variables 

Hopefulness Anxiousness 

FE 01^ FE 

03) (14) (15) (16) (17) ( 1 8 ) — 

High school -0.201* -0.186 -0.225 -0.062 -0.069 -0.130 

(1.71) (1.51) (1.08) (0.64) (0.67) (0.60) 

Technical school -0.367*** -0.336** -0.440* 0.011 -0.013 0.036 

(2.64) ^ (2.15) (1.80) (0.09) (0.10) (0.14) 

College and above -0.069 -0.145 -0.478** 0.079 0.044 -0.085 

(0.56) (0.99) (2.14) (0.74) (0.34) (0.35) 

Age -0.003 0.014 -0.010 -0.017 

(0.08) (0.32) (0.34) (0.48) 

Age-squared 0.000 -0.018 0.021 0.028 

(1/100) (0.00) (0.39) (0.65) (0.75) 

Male 0.252*** 0.191* -0.021 -0.039 

(2.72) (1.93) , (0.28) (0.48) 

Father middle school 0.012 0.141 

(0.089) (1.26) 

Father high school 0.086 0.112 

(0.40) (0.60) 

Father technical school 0.113 -0.144 

(0.46) (0.66) 

Father college or above 0.337* 、 0.054 

(1.89) (0.35) 

Mother middle school 0.047 -0.030 

(0.33) (0.24) 

Mother high school -0.179 -0.169 

(0.97) (1.03) 

Mother technical school -0.052 0.012 

(0.25) (0.064) 

Mother collcgc or above -0.153 0.172 

(0.61) (0.77) 

Observations 128- 128 128 140 140 140 

Twin pairs 64 70 

R-squared ^ 0J9 0£7 OJJ 0.01 

Note: Absolute values of t -statistics computed based on the permutation procedure (Frccdman and Lane, 1983) are 

in parentheses; * significant at 10%; significant at 5%; *** significant at 1%; the omitted educational group for 

the individual is middle school and below, and the omitted educational group for parental education is primary 

school; a city dummy is included in each OLS estimation. 
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Appendix VI: Between-Families and Within-Twin-Pair Correlations 
of Education and Other Variables 

Table A3: Between-Families and Within-Twin-Pair Correlations of Education and Other Variables 

Between-family correlations Within-twin-pair correlations 
Education AEducation 

Married -0.1445… AMarried -0.0173 
(<0.01) (0.70) 

Spousal education 0.6172… ASpousal education 0.1518" 
(<0.01) (0.02) 

Party member 0.2571 … AParty member 0.1166.* 
. (<0.01) 、 (0.02) 

Working in foreign firm dummy 0.0904* A Working in foreign firm dummy 0.0214 
(0.06) (0.66) 

Tenure -0.2614*** ATenure -0.1253*** 
(<0.01) (0.01) 

Notes: The significance levels are in parentheses. * significant at 10%; significant at 5%; significant at 1%. 
The between-family correlations are the correlations between average family education (average of the twins) and 
average family characteristics, and the within-twin-pair correlations arc the correlations between the within-twin-pair 
differences in education and the within-twin-pair differences in other characteristics. 

Source: Li, H.; Liu, P. and Zhang, J. "Estimating Returns to Education Using Twins in Urban China." 2010, Journal 
of Development Economics, forthcoming. 
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