Two Essays on Family Behavior and Human Capital

Y1, Junjian

A Thesis Submitted in Partial Fulfillment
of the Requirements for the Degree of
Doctor of Philosophy
in

Economics

The Chinese University of Hong Kong

June 2011



UMI Number: 3497742

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent on the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Omsertation Publistung

UMI 3497742
Copyright 2012 by ProQuest LLC.

All rights reserved. This edition of the work is protected against
unauthorized copying under Title 17, United States Code.

ProQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



Abstract

This thesis consists of two cssays 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



making anomalies under risk and uncertainty, untversity 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 peopie
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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Essay One

Farly Health Shocks, Parental Responses,
and Child Outcomes!

IThis essay is largely based on an on-going joint research project with Gabriella Conti, James
Heckman, and Junsen Zhang. [ have been the main contribulor to the work so far.



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,
Glewwe, 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 (Currie, Stabile, Manivong, and Roos, 2010)
and long-run outcomes (Smith, 2009). However, the role played by parental behav-
1or 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 gencral, in the presence of parental investments, the reduced-form
estimates of the effects of early-lifec shocks do not necessarily represent a biological
effect. Morcover, 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 Taubman, 1994). Hence, unpacking

parental intrahousehold resource allocation responses is crucial to understand how



early health shocks affect human capital formation, especially in developing coun-
trics., 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 childhoed.
Understanding how parents allocate resources across children has been researched
in cconomics since the seminal work of Becker and Tomes (1976) and Behrman,
Pollak, and Taubman (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 heen
devoted to testing parental strategies. The literature, nonetheless, has yet to achieve
a consensus: whereas some studies have found evidence of reinforcing behavior (see,
e.g., Behrman, Rosenzweig, and Taubman (1994) and Rosenzweig and Zhang (2009)),
others have found empirical support for a compensating strategy (see, e.g., Behrman.
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
onc 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.
In 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 ailocation of resources. We combine them using a dynamic model of
human capability formation (Heckman, 2007), which links carly endowments to later
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.



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
multidimensional child endowments whose evolution is governed by a dynamic pro-
duction technology, an carly 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
substitutability 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 ef_fect." Rather,
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 aver't inequality, they will reallocate resources from the
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

3The wealth effect denotes the reduction in the human capital stock of the family as consequence
of 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.

“The wealth effect is removed by the within-family estimator that we use.



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 he compensating and/or reinforcing along different
dimensions, we 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 underestirnation of the biological
cffect of an early health shock on late-life health, but to an overestimmation 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

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 — the production of human capital
- and an indirect one - the process of intrahousehold resource allocation. The latter

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

5The 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.



effect. By introducing multidimensionality of child endowments, we allow parents to

compensate and rcinforce along different dimensions of the child’s human capital.

2.1 The Production Technology

We assume that each family has two children (¢ = i,5) and that they are twins.®
There are two periods of childhood (¢t = 1,2). Each child has a bidimensional skill
set: health (H) 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 easc
of notation.” We denote the endowments and investments in each period as 6ft and
Ift, respectively, where ¢ = 1, indexes the child, ¢ = 0,1,2 is the time period (0
is pre-birth), and k = H,C.® Following Heckman (2007), we write the production

technologics and the investment functions for child ¢ as follows:”

ofy = FH01%, 650, I, €ih), (1)
951 = fc(eam ;0:1 ) (2)
Ii,H; = f”(eus il? 31:9 ) (3)
151 = fc(atli 11> 3,1:9301) (4)
6 = f(08,60, L), (5)
65 = fO60.60, 1), ()

%Thiy assumption is dictated by the data we use in our empirical analysis. [t would be natural
to extend the model to a general case with n children in the family. However, fertility and birth
gpacing may be endogenous to health conditions of existing children (Rosenzweig and Wolpin, 1988).
We lcave this extension to another occasion.

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

81%, indicates maternal investment (e.g. nutritional intake) durlng pregnancy. Given that our
empirical analysis focuses on twins, we can safely assume that I-.o =k joor Iw is exogenous acCross
twin siblings. In other words, even if the mother can decide how much to invest during pregnancy,
she cannot differentially allocate resources across twin pairs.

9For simplicity, we assume no contagion effects between twins throughout the essay.



where eff| is defined as a negative health shock affecting child ¢ in period 1, ie.,
g:;;:— < 0. We assume that the carly health shock (ef)) only has a direct effect on her
ow‘n health in the first period,'” whercas it affects second-period outcomes through
two channels: parental investments (3)-(4) and the process of health and cognitive
capital accumulation (5)-(6).!' Note that in equations (1)-(2) and (5)-(6), we assume
that children born 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 ¢ (ef}) operates. First, the total effect on child’s ¢ health in the second period

can be decomposed as follows:

de¥, o6, 06 o6, oIf 66F
2 _ Yz YUY, 2 Y1 Y (7)
def, 08, oef " oIff 98] defl)’ :

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 #). Second, the total effect of an
early health shock to child 4 (ef!,) on her own cognitive.capacity in the second period
can also be decomposed into two channels:

dog, o6S, oof 08%, OIS 06, 5
de?, — 967 Bell T 9IS 86F, 0ely’ (8)

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

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

107he 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 skilla
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.



Finally, an carly health shock on child i can also affect child j’s {(j # ¢) health
and cognitive skills through the intrahousehold resource reallocation process in both
cases. Specifically, the cross-effects of child i's health shock on child j’s health and

cognitive skills are as follows:

7
6!, _ a8, _ oIl . a6} ()
def! oIt o6f) oely’

oS, o6, oI, oo,

deF, = BIC, B0F, el (10)

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

affecting child ¢ on the twins’ health and cognitive capital as follows:

J J J

dol, do, o6, ol (ao,{*; oI, ot ar!fl) 6%,

% " aeh, ~ 6 aeh, t\ @i aen " ain oo ) o
o,  dof, _ 005, 067 (967, o5 065, 0I5\ 86h (12)
ol " deh T BOK, e, T\ BIC, B6F T8I, ooF ) Bel

These equations clearly show the two channels through which early health shocks
affect the distribution of health and cognitiye capital within families.!?> The first
terms on the right-hand side of equations {11) and (12) show how an early health
shock e affects the health and cognitive capital of child ¢ 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

120ur within-twin-pair fixed-effects estimator gives us an estimate of these effects.



a utility function of the following form:*?
Up = Up[C, V(ele 9:'(3‘2): V(Bfm 93?2)]1 (13)

where ¢ is parental consumption,'¥ and V(6%, 6%,) is the child quality function (¢ =
i, 7). 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

as follows:!?

%m+m+m+ﬁ+@=x

where p. 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:1¢

I=1f + 1 + IS + IS, : (14)

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:'”

Up = Up{c, UV (05,65,), V (65, 65:)1}, (15)

13he 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.

14We 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.

15 We assume no borrowing or saving. Although this assumption can be easily relaxed along the
lines of Behirman, 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.

16\We 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.

17We implement a test of this separability assumption in Section 5.3.



The scparability 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:
U = UV (8:5 05), V(6] 65)), (16)

subject to the investment budget constraint (14),'® the production technologies of

health and cognitive skills {1)-(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, Poﬂ&k, and Taubman (1982) and

specify parental preferences using a CES utility function!®

U = {[V (055, 65))F + [V(65,, 65,1}, (17)

18 Although 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.

19We 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
does 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).

10



where p < 1.2" 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 Taubman, 1982).
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 guality function
V(0F,,0%) (e =1,3):
V(8/5,852) = (0.2)°7 (6)%°, (18)

where 0 < ay,ac < 1, and ay(ac) 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 (I} and the stock of health (/) in the health production function (05).%
as well as between investment in cognitive skills (IG) and the cognitive stock (65)

in the cognitive skills production function (Ofg). Thus, we can specify the following

30, i5 a continuous variable, and it implies that all parents have both efficiency and equality
considerations unless p = 1 or p = —00. p = 1 means that parents only care about efficiency,
whereas p = —oo 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 [min (V;, V).

21This assumption is also consistent with the original formulation in Grossman (1972): Hyyy =
I, + (1 — &) H,, where H is the stock of health, I is gross investment, and § is depreciation.

11



functional forms for the production technologies:*

6y = (801660 + BrI]' 7, (19)

60 = (62)1Bb + BIIGI, (20)

where 0 < v <'1 and 0 < By, B; < 1. The parameter y can be interpreted as
the importance of the ﬁrst—pe;iod cognition (health) in producing health {cognition)
in the second period, whereas the parameter Sy 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,* we derive the optimal investment

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

Bo

e = %‘;iwm - -B;Bfl, (21)
% = %?Wm- - -g-fef;‘l, (22)
where:
W= B (68 + 60+ 6], +65)) + BT, (23)
v (0%,,65,)"
= ( ";.p "2) . - (24)

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

22We assume a Cobb-Douglas production technology to simplify the calculations. Qur basic
results are unchanged if we assume a general CES production fechnology and relax the assump-
tion of substitutability between jnvestments and stocks of skills. The results with this alternative
specification are reported in the appendix.

23The solution to the parental optimization problem is obtained by maximizing the utility func-
tion {17) subject to the investment budget constraint (equation (1)), the production technologies
(equations {19)-(20)), and the quality function (equation (18)).

24The formal derivation is reported in the appendix.

12



allocated to children in the first period, weighted by their relative importance in the
production function (equations (19)-(20)). Note that dW/d8f = B > 0: a one-unit
increase in child i’s health in the first period increases the full resources by 5. We
call this the wealth effect as in Becker and Tomes (1976). The wealth effect is always
pousitive. Let us now consider equation (24): m; measures the relative importance
of child 7 in the parental utility function.®® Thus, Wr; measures the share of total
resources allocated to child 4. It is important to note that the sign of d?i',‘/dﬂfl 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 dr;/df]} as a “price effect”, as an increase in child 4’s
health stock changes the child’s relative importance or shadow price in the parental
utility function.?” Let us finally consider the equation for optimal investment in
health (equation (21)). In this equation, oy measures the relative importance of
health in the child quality function (equation (18)); 8; measures the productivity of
the investment in health (equation (19)); and Bp/8; 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 healtl: and cognitive skills for child ¢:

orIfi ay [ OW Oy Bo

ao,{f, ~ B (aeff ™t Per W) B’ (25)
oISy ow . om

A 5 (o o) (20)

25Note that U? = Vi(8,05)° + V; (0;’2,9 2)?-
26The mathematical derivation is ahown in the appendix.
2"The shadow price here involves not only resources but also utility.

13



Note that, in addition to the wealth effect and the price effect discussed above,
equation (25) also includes an additional term, (—f8p/8;): we call this term the
technological effect, because it stems 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
in the first period will reduce the amount invested in health. Thus, the technological
cffect 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:
dm;/86%, 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:

arft: an (OW . Om
ool = Ts?'( * 56, ) 27
Blfl" 8W c':hrrJ
567 ﬁ:( AT )' (28)

Note that 9m;/86% has a sign opposite to dm;/08f; because m;+m; = 1.7 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), 8m;/86%, > 0, while 87;/80f) < 0.
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obtain the following:*

oIk oI : .

. (—-—6’5} - 3—2) w2 (29)
89‘-‘1 39‘-’1 ﬁf 66‘-’1 69"1 5[
oICr OIS : : .

11,51' _ J;; _ ( 57;; 3 673) W (30)
39:',1 39i,1 B 39;‘,1 ‘99i,1

When parents give more weight to efficiency than to equality (p > 0), 817" /98]] —
8I¢r /06 is positive, whereas the sign of 1" /96}, — 81]% /06, is undetermined
because it depends on the relative magnitude of the price effect (*’%’_{u - %:;}1-) , which
is positive, and the technological effect — (%f—), which is negative.

We now summarize the main predictions of our theoretical model that we will
test cmpirically. The first prediction is related to the effect of an early health shock
affecting child % on the difference in investment in health and cognitive skills across

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

6]5* ~ 6];’;‘ 69{’1 _ 'GH (3?1’,' . 87!'3' ) W _ ég- 69,{{] (31)
39‘”,] 59;-"{1 3ef1 - | Br 39{’1 39‘{’2 Br 38{3 ’

BIEI* B BIf; 69:’1 _ -% 6?‘["' __ 67l'j w 69‘{;1 (32)
o6F 065 | e} | Br \09f, 06] defly’

When p > 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)
and the technological effect (which is negative). The case when p < 0 can be a.nalyz‘ed
in a similar way.
| The second prediction is related to the effect of ap 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

29Note we assume wﬂ= m;, consistently with the assumption that parents have equal concerns.
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twins | i.c. 891 2 _ 69;‘,2 and 8652 = 39?"2
oI ;"; ore BIEI BIfl

AHi

), we obtain the following:

agl,  dolh a6y, 86, 0%, [ay (om O

pr e T A AT _ﬁ, (aa,.{fl - aaf,) ] (33)
dég, o, 06g, o6, 965 | (aw, 37r_,-) ] a6H, (34)
de, ~ dell ~ 96T el " BIC, | B \06F,  86% el

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 (6 and 6%,).% 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.

310One consequence 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.
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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

[%lf (%”{}; -~ %"z}"—) W — gﬂ:-] and cognitive skills [%f- (%?; — %’:ﬁ;) W] from equations
(31) and (32), and the signs of ;ﬁ:’% {equation (33)) and %‘% (equation (34)) are al-
ways positive, we are able to infer whether the reduced-form estimates of :ﬂ—q-?j — %;f
(equation (33)) and %;‘11 - ‘f—e% {(equation (34)) are lower or upper bounds of the
biological effects. Third, the theoretical model prm‘rides 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:
I, = el +afell + Xopbf + X o8 + G+ por + €5y, (35)

where k = H,C, i and j index the two twin siblings in household r. I is the in-
vestment in « during the first period; e is a health shock in the first period;*® X
is a vector of child-specific characteristics; ¢, is a vector of observed household char-
acteristics affecting-pa.rent.al investment decisions; p, is the unobservable household

heterogeneity such as reporting heterogeneity which will be discussed later; and €"

“ . . aalt, o8 . 80c, o8l .
32The biological effects are represented by ;ﬁ;‘{‘l - 52 (equation (33)) and 753 - 5w (equation
.1 1.1 [N} t.1

(3-1)).

33 Ag 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).
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is the disturbance term. To sweep out family-level unobserved heterogeneity, we use
the following within-twin-pair fixed-effects specification:

Ir, - If, =a (el - ef,) + (Xiz — X;:) B+ €5, — € (36)

4T

where a® = af — af and B* = bf — b5. 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 o 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 ie the second period (the technological
effect).

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

following specification:
0r, = v el + X, 10 + " + pr + €5, (37)

where #7_ is the outcome  for the twin child ¢ (¢ = 1, j)in household 7 in the second
period,™ and all the other terms are defined as in equation (35). The corresponding

within-twin-pair fixed-effects specification is:

g7, — 05, = v*ef — el ) + (Xis — X;jr)0" + €5, — € (38)

T

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

31 Ag 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
cquality when parents make investment decisions. However, the sign of v 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 biclogically similar to dizygotic twins, the
within-twin-pair fixed-effects estimator requires much weaker identification assump-
tions than the within-siblings fixed-effects estimator when estimating child outcomes
production functions {Todd and Wolpin, 2007). Specifically, the within-siblings fixed-
effects estimator requires three additional assumptions. First, the effects of an early
health shock must be either independent of age if siblings’ outcomes are measured at
different ages but at the same point in time, or independent of time if siblings’ 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 eff —ef’,, 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 try to address this

35Table 1 in the appendix provides suggestive evidence that the fertility decision is significantly
affected by the health status of the first child: the occurrence of a health shock in Lhe 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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concern 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 aware.”” 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 based 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 birth.** A comparison sample of 1,693

36Evidence and discussion on the randomness of early health shocks within twin pairs are shown
in a later section.

¥7See Rosenzwelg and Zhang (2009) for a detailed description of the CCTS.

38The “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 they are allowed to have two children at most (Family Planning Commission of
Yunnan Province, 2003)). This is evident in Panel H of Table t, where the proportion of twins
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houscholds with no twins was also surveyed using the same questionnaire.

The questionnaire was designed by Junsen Zhang in close consultation with Mark
Rosenzweig and Chinese cxperts at the National Bureau of Statistics. Based on ex-
isting twins and child questionnaires in the US and elsewhere, the survey covers an
extensive range of information about inputs and outcomeces of children, in addition
to a wide range of demographic, social, and economic information at the housechold
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 housechold 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
cempirical analysis is the strict household registration policy known as hukou. The
hukou system was established in the early 1950s to consclidate 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
houschold had no children aged 6-18, then interviewers continued with the fifth, sixth, etc.

21



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 arcas (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.*?

40(Jntil the early 1990s, it was also used to distribute food, cooking oil, and clothing coupons.
Moreover, il 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 Aukou
system is still very strict in most places (Yusuf and Saich, 2008).

417'he 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) has been exempted in both rural and urban areas only since September 1, 2008.

43In addition to urban and rural, we also compare the results between the male and female
subsamples. The results for the mixed-gender subsamples are only reported in the appendix because
the sample size becomes much smaller in this case, as it only includes DZ twir 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 attenuste 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 subsample, 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,
ef) 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).%" Table 2 in the appendix tabulates the distribution of

serious diseases suffered during ages 0-3.1°

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

44The 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
pari 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.

471 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.

23



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 crror.

Second, respondents may use different thresholds so that some of the diffcrences
in the reported illnesses across households may simply reflect differences in
the standards {Strauss and Thomas, 1998; Smith, 2009). For cxample, 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).** 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.*?

Parental Investments Our main dependent variables are the measures of the

parental investments in children in the year before the survey ( ,"l) Due

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

19 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 differcntiate between investment in
money (i.e., medical, education and clothing expenditures) and investment in
time (i.c., 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 constitutc 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 (8]}), we use anthropometric indicators

(i.e., height, weight, and body mass index (BMI)),5? general health status, and

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

30Grossman (2000) also measures medical care by personal medical expenditures on doctors,
dentists, hospital care, prescribed and nonprescribed drugs, nonmedical practitioners, and medical
appliances.

S1Unfortunately, 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
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The summary statistics in Table 1 (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 (65,), 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
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

581 iterature and Mathematics are compulsory courses from primary school to high school (from
age 6 to 18).
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personality than boys.™

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 expenditurcs. 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 arcas.

Control Variables We include a rich set of control variables in all our empirical
specifications: birth weight, gender, age, birth order, number 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).

S4We 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.

55Interestingly, 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 houscholds, 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
cducational 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

56Table 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.

57 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 carly 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 function.® We 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.

%8Referring to equatlon (32), the negatlve estimate in the educational expenditure equation
implies that 8m;/88f, is positive because 86K, /9efl; is negative and that &x;/ 89}, is opposite to

the sign of on; /693"’1. The positive &m;/80F, implies that p is positive and that efficiency outweighs
equality when parents make investment decisions,

*Referring to equation (31), %4 (5.:;}— 3—8-‘,4-) W is positive on the basis of the estimate in
the educational expenditure eguation. Therefore, the positive estimate in the health expenditures
equation implies that % (%?:}?‘; - ﬁ‘ﬂ:) W <« %}, 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,* 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. Instead,
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 cxpenses 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

69Note that this question was answered by each twin separately.
81Price (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
of an early health shock are persistent. This ﬁ}lding 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,5?
reduced-form cstimates understate (in absolute value) the bioclogical 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 carly
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.®® 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 capitﬁl formation. The gender differences are also noteworthy. Whereas an
carly health shock has a negative effect on the anthropometric measures only for
females, it increases the occurrence of hospital visits only for males. This finding
can be interpreted as evidence of greater vulnerability in terms of physical grouft;h
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,
as shown in Table 3), the OI.;S 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.

32



5.2.2 Other Child Outcomes

We then examine the effects of an early hea.ith shock on educational outcomes.®!
Table 5 shows that the twin affected by an early health insult has poorer academic
achievement, both perceived and actual. Table 6 shows that an carly health insult
also negatively affects the twin’s schooling performance. Whereas these results come
as no surprise, the point that we want to étress here is that we find thesc negative
effects in 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 bound.®

We also uncover a significant gender diffcrence. In the case of femalc twin pairs,
the difference in academic achievements between the healthy and sick sisters is oply
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 secem 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."

511n this case, we restrict our analysis to 95% of the sample who is still in school.

65Referring 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).

68 Finally, in Tables 76-81 in the appendix, we report the resuits 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 tha.t,
birth weight has an cffect on parental investments (Tables 46-51 in the appendix)
only in rural areas, where parents allocate more medical expenditures to children
lighter at birth (Table 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
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 cffects 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.

57Note that we can recast our findings in light of the recent literature on gene-environment
correlation (rGE) and gene-environment 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 8 manifestation
of an epigenetic effect, the differential parental responses can be considered an instance of gene-
environment correlation (rGFE - genes determine the selection into certain environments; in the
current context, they trigger certain parental responses), whereas the phenotypic differences in
health 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.”” 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
in 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,
we 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, whercas fathers are less likely to spend money on goods for themselves in
rural arcas 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 duc 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.

885ee Pitt and Rosenzweig (1990) for an analysis of the effects of child health on intrafamily
allocation of time.

89We 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 Nave 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 accounting for behavioral responses to
carly 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 biclogical effects.
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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
4 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 688 688 688 687
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 541 541 541 539
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 560 560 560 556

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
|0.078] {79.028] [0.027] [65.095]
# Observations 1163 1423 1048 1442
R-squared 0.017 0.200 0.026 0.207
Rural Sample
Early health shock (only one child) 0.004 -133.164* 0.006 -12.947
{0.050] (70.516] [0.040] {46.779]
# Observations 646 757 608 763
R-squared 0.004 0.206 0.002 0.109
Urban Sample
Early health shock {only one child) -0.089 -140.071 0.087*** -5.265
(0.146]  [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 (oniy one child) 0.005 33.393 0.072* 74.990
[0.045] 134589  {0.039]  {116.180|
# 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.

51



Essay Two

Education and Preferences:

Experimental Evidences from Chinese Adult Twins'

" This essay is largely based on an on-going joint research project with Soo llong Chew, James
Heckman, Songfa Zhong, and Junsen Zhang. 1 have been the main contnbutor 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
violution 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
cconomics 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
Tversky and Kahneman, 1992). There is a paraliel 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 Morgenstern (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 incrcased understanding ought to increase the frequency of the “truly”
normative response; that preferences that initially contradict some normative
principle may not survive thorough decliberation (what he termed “reflective
cquilibrium™). 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 we learn 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 detcrmination 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 tractability
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of the analytical framework in cconomics. Although it i1s 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 cndogenous rather than exogenous.? Previous studics 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 Verdier, 2000). Recent empirical studies bascd on
experimental data find that cognitive ability is associated with nisk attitude and time
discounting (Dohmen, et al., 2010; Benjamin ct al., 2006; Burks et al., 2009), and
non-cognitive ability and gender are rclated 1o attitude toward risk and ambiguity
(Borghans et al., 2009). In a literature review by Croson and Gneezy (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 incentivized
choice (Cesarini et al., 2009; Zhong et al., 2009a).

There is almost no systematic and rigorous study addressing the causal
relationship between education and preferences in the literaturc. 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 corrclation 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. We¢ 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.

} The difficulty in identifying the causal relationship between education and preferences 1s similar to
that of the estimation of economic retumns to education. See, ¢.g., Card (1999), for a review of the
cconometric issues in estimating returns to education.
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in the literature (Ashenfelter and Krueger, 1994; Behrman et al., 1996; Behrman and
Rosenzweig, 1999), twins have a similar family background, and monozygotic (from
the samc egg) twins are genetically identical.* The effects of unobserved family
background and genctic endowment should be similar for both twins. Thus, taking
the within-twin-pair difference will, 10 a great cxtent, reduces thc unobservable
family background and individual endowment effects that could cause bias in the
ordinal lcast squares estimation. Intuitivety, by comparing experimentally measured
preference of twins with different educational attainments, we gain more confidence
that the correlation that we obscrve 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-cffects estimates, based on thc experimental data
on adult twin pairs, indicate that education affects decision making involving both
risk and uncertainty and involving time. We find that a higher level of education
tends to reduce the degrec of risk aversion toward moderate prospects, moderate
hazards, and longshot prospects. In terms of decision making anomalies, university
educated subjects exhibit significantly more Allais type behavior compared to pre-
high school subjects, while high school cducated subjects also exhibit more
ambiguity aversion as well as familiarity bias rclative to pre-high schoot subjects.
For decision making involving time, a higher lcvel of education tends to reduce the
degree of impatience, hyperbolic discounting, drcad, hopefulness, except for
anxiousness whose incidence is not sensitive to educational attainment. The
estimation results are robust in a series of sensitivity analysis when we (i) use the
instrumental variables (TV) 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 "biascd” preference
in risk attitude and less "biased" preference regarding time.

At present, the relationship between individual's demographic, social and

cconomic characteristics and experimental measured preferences have been

* 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-cffects estimator.
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increasingly noticed to be important in economics (Borghans et al., 2009, Dohmen et
al., 2010).° However, most of these studies arc showing a correlation rather than a
causal relationship.® Combining survey data, cxperimental data, and cconometric
methods, this ¢ssay appears to be the first study addressing the causal relationship
between cducation 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 ycars
(see, ¢.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 widcly
accepled 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 trcated as endogenous in the human capital theory. Our resuits thus suggest
future research to explore the mechanism underlying the relationship/intcraction
between human capital formation and preference formation.

Finally, the estimation of the return to cducation has been one of the mayor
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 cducational attainments
and decision making under risk and uncertainty and involving time will help our
understanding of the pecuniary return to cducation.

The cssay procecds 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. Scction 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 discusscs and

concludes.

¥ The next section gives a literature survey.

5 A notable exception is Benjamin et al. (2010). They analyze the effect of social identity on both time
preference and risk avresion by adopting a method from social phycology to introduce exogenous
variation in identity effects.

57



2 Review of Behavioral Decision Models
This section reviews a number of choice models and related empincal studics 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 conscquences. Not surprisingly, risk is the most
well studicd preference in economics. Center to decision making under risk is the
qucstion how people would cvaluate a gamble. The pioneering contributions of von
Neumann and Morgenstern (1944) and Savage (1954) provided an axiomatic
foundation of the expected 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,,...,X,; Py»-.- P, ) 15 given by:

EU(X,,.00 Xy Ppoeess Pa) = D, PM(X,)
1=l

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 1o account for the
fourfold pattern of risk attitudes. In their 1979 seminal paper on prospect theory (PT)
and the rejoinder in 1992, Kahneman 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 are 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 asscts may bc viewed as moderate prospects. Market
evidence points to the prevalence of risk aversion toward longshot hazards and, to
some cxtent, risk tolerance for longshot prospects. Kahneman and Tversky also
pointed out the litile reported tendency for people to be risk tolerant when it comes to
modecrate hazards, e.g., when people find themselves in insecure or unsafe situations
prompting them to take 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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modecrate prospects {(hazards) and risk averse (preferring/tolerant) toward longshot
prospects (hazards). Specifically, the fourfold pattern of risk attitudes consists of

comparing a lottery of the form of a g chance of receiving an outcome x anda } -¢
chance of receiving zero, denoted by (x,q), versus receiving its cxpected value, xgq,
tor surc. PT assumcs a loss-averse valuc function v that is concave over gains,
convex over losscs, 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 gv(x), which is always less (greater) than the utility v(gx) of receiving its
cxpected value gx for sure. Such an EU decision maker would be nisk 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
afler it was propounded, in particular, by the Allais paradox (1953).7 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 A, 1s a
sure thing, that is, you receive $1M for sure; Option B, is: if you draw a card from !
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 A; is: if you
draw a card from | to 89, you receive zero; if you draw a card from 90 to 100, you
rcccivc $1M; lottery B, 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 sharc
the same outcome 8§9% of the time. Under expected 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 oftcn observed that people prefer Al over B but prefer B2 over A2,

Third, therc 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 stated— "If two probabilities arc equal in degree, ought we, 1n choosing our course

of action, to prefer that one which is based on a greater body of knowledge?" He

" The independence axiom is 2 key characteristic of this model, which follows from the additive
structure of EU. It means that for the strict preference retation f over any lotteries  and G, F f Gif
and only ifaF + (I- wH £ aG + (1-a)lf, for any probability a in (0, /) and any lottery 1.
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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
cxample reappearcd in Ellsberg (1961) which observed that people tend to be
ambiguity averse in preferring to bet on the urn 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 un so that
drawing cither color ought to havc the same subjective probability of one-half,
regardless of the urn used. More recently, it has become increasingly recognized that
decision making under uncertainty depends not only on probabilities, but also on
how unccrtainty itsclf arises. This has been specifically referred to as source
dependence or familiarity bias (Fox and Tversky, 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 dccades, thesc 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 (Schmeidler, 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 bcen rcported in the
cxperimental economics literature. 8 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 amay of binary choices.
Anderson et al. (2008) offered suggestive cvidence 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
cigarctte smoking, heavy drinking, being overweight or obesc, and acceptance of
risky food (Lusk and Coble, 2005; Anderson and Mellor, 2008).

Harrison et al, (2008) conducted a field expenment in Denmark with a

representative sample of 253 subjects between 19 and 75 years of age. They found

¥ See, .g., Harrison and Rutstrom (2008) for an excellent review
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strong support for a decreasc in risk aversion as the age of a person increases, but no
cffect of gender on risk attitudes. Dohman ¢t 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 1o take risks is negatively rclated to age and to being female, and
positively related to height and parentai cducation. However, using a mcthodology
from psychology, Benjamin, Choi and Strickland find that making gen(rcr identity
salient has no effect on intcrtemporal choices. In a sample of 660 customers of a
German car manufacturer, Gachter ct al. (2007) showed that older people are more
loss averse than younger people. Higher education decrcascs loss aversion, while
higher income and higher wealth are both positively correlated with loss aversion.
Using a Dutch sample of 1935 subjects, Booij ct al. (2009) found that older people
are more rnisk aversc in the gain domain, but other social, economic, and
demographic variables such as income, age, and education did not appear to bave a
significant effcct on their risk attitudes for nsks over gains as weli as over losses.

In a Chinese sample of 350 subjects, Zhong et al. (2009c) found male
subjects to be more risk tolerant toward longshot prospects than female subjects, but
not for longshot hazards. Older subjects tend 10 be significantly more risk averse
toward longshot hazards, but not for longshot prospects. In a study of Allais paradox
using a large sample of 1426 subjects, Huck and Miller (2009) found considerable
hetcrogeneity in the population and that vielation of expected utility tend to be
prevalent among subjects who had less cducation, poor, or uncmployed.

Moore and Eckel (2003) reported that in the gain domain women were more
risk averse and morc ambigmity averse than men. Schubert et al. (2004) reported
women to be morc ambiguity averse over gains while men are more ambiguity
aversc over losses. [n a recent experiment with 347 high school students, Borghans
et al. (2009) showed that women are more risk averse, while men arc-morc ambiguity
averse than women, and that this gender gap in ambiguity vanishes after conditioning

on risk aversion.

2.2 Dccision Making involving Time
The standard additively scparable modecl for time preference was first proposed by
Samuclson (1937), assuming a constant discount rate with a utility function tor

within-period consumption. There has been accumulating cvidence showing that the
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lack of descriptive validity of this cxponential discounting model.” In particular,
people tend to exhibit hypobelic 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-paramcter model to
account for this phenomenon.

Kirby ct al. (2002) colleccted ficld data from 154 Tsimane' Amenndians 10--
80 ycars of age and found that discount rates are positively correlated with age,
negatively correlated with education and income, but not with weaith. In a study of
Victnamese villagers, Tanaka et al. (2009) combined survey information with
cxperimentally clicited measures of preferences to study risk attitudes and time
preferences. Their [ound lower discount rates to be associatcd 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 ratcs predict inter-individual variation i field
behaviors including cxercise, body mass index, and smoking. While the correlation
between the discount rate and each ficld behavior is small, the discount rate has at
least as much predictive power as any other vanable such as gender, age, and
cducation. In a survey study, Ameriks ct al. (2007) reported that time-inconsistent
behavior comrclates with overconsumption and low wecalth. Benjamin, Choi and
Strickland (2010) find that, compared with white subjects, Asian-American subjccts
ar¢ morc likely to make more patient choice when their cthnic identity are made to be
salient. When racial identity arc made morc salient, non-tmmigrant blacks are more
likely to make more paticnt choice than immigrant blacks.

Another dimcension of decision making over time concems the timing of
consumption, specifically, the idea of anticipation and dread (Loewenstein, 1987). In
his experiment, subjects indicated how much thcy would pay to obtain (avoid)
outcomes that would occur either immediately or after onc of several delays. A
robust difference emerged in thc comparison of iming preferences for desirable and
aversive outcomes. For obtaining a kiss from the movice star of onc's choosing,
subjects considered it almost twice as valuable if it was set 1o occur in three days
rather than immediately; for receiving a non-lethal electric shock, subjects were

willing to pay almost twice as much to avoid it for ten years as they would pay to

¥ See, Frederick, Loewenstein, and O' Donoghue {2002) for a survey.
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avoid the same shock immediately. Loewenstein attributed this to the utility that
people expect to derive during the period of waiting: anticipating a plcasant outcome
versus dreading an unpleasant onc.

Timing of the resolution of uncertainty 1s another dimension of dccision
making over time. The timing of uncertainty resolution may matter for two reasons:
planning advantage of early resolution (Kreps and Porteus, 1978) and anticipatory
feclings such as hopefulness in case of late resolution (Chew and Epstein, 1989,
Chew and 1o, 1994). Chew and Ho conducted an cxperimental test, and found that
hopefulness, 1.c., a preference for late resolution of uncertainty, is morc prevalent
when there 1s a small probability of receiving a sizable gain; while anxiousness, a
preference for carly resolution, becomes more prevalent when there is there is good
chance of rcceiving the sizable gain. Similar results are reported subscquently in

L.ovallo and Kahneman (2000) and Hoptensitz, Krawczyk, and van Winden (2008).

3 Experimental Design Involving Adult Twins

The data sets that we 0sc in this study are combined from two sources. Onc 18
derived from the Chinese Adult Twin Survey (CATS) which was conducted in 2002.
The other is derived from the cxperiments 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 sociocconomic variables in our apalysis are derived from the CATS." It was
conducted by the Urban Survey Unit (USU) of the National Bureau of Statistics
(NBS) in Junc and July 2002 in five citics in China. They are Chengdu, Chonggin,
{arbin, 1fcfei, and Wuhan. Based on cxisting twin questionnaires from the United
States and clsewhere, CATS covers a wide range of demographic, social, and
cconomic information. The questionnaire was designed by one of the authors of this
essay in closce consultation with Mark Rosenzweig and Chincse experts at the NBS.
Adult twins aged between 18 and 65 were identified by the local statistical burcaus.

The questionnaires were completed through face-to-face personal interviews. One of

YL et al. (2007), Huang et al. (2009), Li, Rosenzweig and Zhang (2010), and L1 et al. (2010) gave 4
detatbed description of the CATS data.
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the authors made several site checks of the survey work and closcly monitored the
data input proccess. Thus, the survey was carefully conducted.

The CATS is the first sociocconomic 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-identical (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. We 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.

32 Deccision Making Experiments

The measures of preferences are derived from the cxperiments. In June and July
2008, onc of the authors conducted a sct of experiments on a subsample of twins in
the CATS."' The subjects of the experiments are from the CATS data. However, duc
to the budget constraint, we conducted the experiments only in two cities. They arc
llcfei and Wuhan, the capitals of Anhui and Hubei provinces, respectively. Some
twin individvals have changed their address and contact information during the
period of 2002-2008. Thesc individuals thus could not be reached. Furthermore,
bucausc participation in thc cxperiments was voluntary, some individuals in the
CATS rcfused to take part in thc experiments duc to time constraints or
unwillingness. Eventually, we recruited 70 pairs (140 individuals) of twins for our
experiments. '

The experiments were conducted in a hotel conference room at Wuhan, and a
classroom at lcfei. Each individual who took part in the cxperiment was paid
RMB60 as show-up fee." In addition, there werc various payoffs in cach experiment.
Most individuals finished the experiments within one hour. The maximum time spent

was almost one and a half hours. The moncy was paid in cash after participants

" We also hired several experiment assistants in conducting the experiments.

"2 There is a sample sclection problem because of migration and selective participation. 1 lowever, any
sumple selection bias arising from migration should not be a major issue because the inter-urban
migration rate was only 0.975% bused on the 2000 census (Li, Liu, and Zhang, 20i1). Regarding to
sample selection arising from voluntary participation, this is a general concem with all labor
cxperiments and some field experiments (List and Rasul, 2010). Thus, we exercise caution in
interpreting our empirical results.

* The exchange rate is US $1=RMB 6.8 in 2008.
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finished the cxperiment. On average, they earned RMBA42 in addition to the basic
reward. In these two cities, thc minimum wage per hour for a full time employce 1s
RMB6.5, and the average wage per hour 1s RMB9.5 (NBS, 2009). Thus, the amounts
carncd 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 are presented in Appendix L

Attitudes toward Fourfold Risk

There have been various ways to assess risk attitudes, and a simple cxperimental
elicitation procedure 18 known as the multiple price list design, which entails giving
the subject on an ordered array of binary choices.' The task is simple and rclatively
context free with the multiple price list design, relative to other experiment-based
studies of risk aversion.

In this study, we use a simplified version of this proccdure to asscss subjects’
risk attitudes. In asscssing risk attitudc toward moderate prospects (GAME ONE in
Appendix 1), subjects chose between an even-chance lottery between receiving
RMB40 and receiving zero, versus receiving the expected outcome of RMB20 for
surc. Subjects werc incentivized for their choice in this comparison. Based on their
decisions, subjects’ valuation of the gamble is categorized as follows: risk aversion if
certainty is chosen; risk seeking if lottery is chosen. Correspondingly, in asscssing
risk attitude toward modcrate hazards (GAME TWO in Appendix I), subjects begin
by choosing between a lottery which involves losing RMB10 and losing zero with
equal probability versus losing RMBS for sure. Subjects were incentivized, i.e.,
losscs were deducted 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 tolcrant over losscs if lottery is choscn.

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 S millions, (B) RMB2 lottery ticket which have small chancec of winning 0.1
million, and (C) RMB2 for surc. We paid subjects their most preferable choice as
incentive. Subjects are classified as cxhibiting 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 classificd as being disposed to insurc if they prefer

'* For a survey, sec, ¢.g., tarrison and Rutstrom {2008)
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losing RMB2 for surc than losing RMB2000 with 0.1% chance. We did not
incentivize GAME FOUR given the anticipated difficulty in collecting RMB2000

should this unlikely contingency occur.

Allais-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) dcsigned 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.c., non-parallclism, 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 RMB100 with a 80% chance and receiving an
intcrmediate outcome of $0 with 20% chance (Option A) versus receiving RMB100
with 90% chance and receiving a low outcome of losing RMB80 with 10% chance
(Option B). The L pair involves subjects’ choosing between losing RMB80 with 80%
chance and receiving $0 with 20% chance (Option A) versus losing RMB80 with
90% chance and recciving RMBI100 with 10% chance (Option B). We classify
subjects as cxpected utility type if they choose cither A or B in both pairs as implicd
by the independence axiom. Otherwise, we classify subjccts as being Allais type if
they cxhibit 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, ie.,
satisfics Machina’s (1982) Hypothesis . Given the significant loss amount involved,

this task was not incentivized.

Ambiguity Aversion and Familiarity Bias

Most experimental studics on the original Ellsberg paradox involve choosing
between betting on the urn with known probability distribution and betting on that
with unknown probability distribution. Betting correctly in either case would pay the
same. It is tb“und that people tend to bet on the urmn with known probability
distribution (see, e.g., Camerer and Weber, 1992). In order to generate a more even
split of individual difference between thosc preferring to bet on the "known" um
versus those preferming to bet on the "unknownd" um, we increase the payoff
associated with betting on the unknown urn. This calls for a judicious choice of a

threshold difference. In the ambiguity aversion task (GAME SIX in Appendix ),
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subjects choose 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 decck, a corrcet bet pays
RMBI0. For the unknown deck, a correct bet pays RMBI12 with an increase of
RMB2 as a result of pretests.

In the original experiment on familiarity bias in Fox and Tversky (1995), the
bet 1s on whether the temperature in San Francisco/lIstanbul 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 [). Our design induces
the same objective probability (Machina, 2004) of one half for odd versus even
regardless of the city chosen. To generate an cven split between those betting on
Beijing and those betting on Tokyo, betting correctly on Beijing temperature pays
RMBI!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 (see, e.g., Frederick, Loewenstein, and O' donoghue, 2002). Our
study makes use of a simple hypothetical choice task (GAME EIGHT in Appendix 1).
In Situation 1, subjects choose between getting RMB100 today (A) and getting
RMB120 seven days later (B). In Situation 2, subjects choose between getting
RMB100 91 days later (A) and getting RMBI120 98 days later (B). If subjects choose
A in the first case, they are impaticnt. If in addition they choose B in Situation 2,
they ecxhibit hyperbolic discounting bchavior. For thesc tasks, we usced a

questionnaire.

Anticipation and Dread

Wc adopt a similar design as in Locwenstein (1987) for timing-of-consumption
prefercnce with both desirable and aversive outcomes: having dinner with the movie
star of one's choice, and receiving a non-lcthal clectric shock (GAME NINE and
TEN in Appendix 1). Subjccts were asked whether they prefer to have the dinner

today or threc days later. If thcy choose 3 days later, we classify them as
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cxpericncing anticipation. Subjects were asked whether they prefer to receive a non-
lethal electric shock today or 6 months later. If they choosc today, we classify them

as cxhibiting drcad. For thesc tasks, we used a questionnaire.

Hopefulness and Anxiousness

We adopt a similar design as in Chew and Ho (1994) and Lovallo and Kahneman
(2000) for the timing of unccrtainty resolution {(GAME ELEVEN and TWELVE 1n
Appendix I). In onc task, subjects statec whether to delay the resolution of uncertainty
about the gender of the baby by paying RMB2 under the supposition that onc of
his/her relatives is pregnant. We classify the subjccts as experiencing hopefulness if
they prefer to pay 1o delay the resolution of unccrtainty. In another task, subjects
statc 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, we used a questionnaire.

3.3  Definitions of Variables and Summary Statistics

Appendix Il 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 1a and 1b. Table 1a first reports the individual's education levels
and other socioeconomic variables. The educational attainments are categorized into
five levels. The first three are gencral cducation. The next two are professional
education. We use education levels rather than years of education becausc education
years bctween high school and technical school are incomparable. In other words,
cducation ycar is not a cardinal variable in the Chincse 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,
she will get four ycars.of elementary profession education and then go to work. If the
student enters into higi} school, she will get three years of general cducation and then
take the college entrance examination. If she passcs the examination, then she goces to
college. Otherwise, she will go to work. '* Since the high school education is

cxamination oricnted, few technical school graduates will take the college entrance

"*Appendix 11 depicts the Chinese education system.
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cxamination. 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
percent. In contrast, the return to technical school cducation is bounded between
20.6-22.5 percent. Finally, we group the primary school and middle school together
and trcat them as a bascline group because there are very few individuals who have
only primary education.

We arc using a rclative old adult twin data sct because the mecan of age 1s 46.
The minimum age in this sample 1s 28. Thus, it is safc to use the cducation
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 males.'® In the OLS
regression, we also include parental cducation levels to check how the family
background affects individual's preferences. By comparing thc OLS cstimates
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 pre-birth
differcnces between the twins.'’ To detect the channcls by which education affects
preference, we include family annual income and health into the regression
cquation. '® It has concluded that education attainments increase incomes and
decmonstrated 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.

Table 1b reports the summary statistics for the experimental mcasures of
preferences. The last column of Table 1b gives the percentage of within-twin-pair
variation to the total variation for each prefcrence variable. We find that the within-
twin-pair variations account for about one third to onc 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.

"Recently, it is found that birth weight affects a series of short- and long-run individual outcomes,
including health, academic performance, education attainments and earnings (Behman and
Rosenzweig, 2004; Almend, Chay, and Lee, 2005).

"Iy CATS, the sclf-reported health status is rated into 5 levels, They are poor, fair, good, very good,
and excellent. We categorize health into a dummy vanable. {t 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

Qur cmpirical analysis focuses on the estimation of the following cquations that are
given as

w=a+E B+ Xy+Z 6+u+¢g,, (1)

Vo, —a+E, B+ Xy+Z,0+u +¢,, (2)
where y, (j =1,2) is the experimental measure of preference of the first and sccond
twin in family § P E ,(j=12)is a vector containing dummics of education levels
for twin j in family i; X, is the set of family background varnables that are
obscrvable and varying across families but not across twins; Z, (j=1,2) 1s a sct of
obscrved variables that vary across the twins. u, represents a set of unobservable

variables at the family tevel that may also affect preferences.
The OLS estimate of the educational cffect on preference in Equation (1) (or

Equation (2)), 8, is generally biased. The bias arises because normally we do not
have a perfect measure of ,, which is very likely to corrclated with £, and p,

simultancously. Thus, we apply a within-twin-pair fixed-effects estimator for twins

which is based on the first difference between (1) and (2),

v, =Yy =(E, -E)B+(Z2,~Z,)0 +¢,-¢€,, (3)
Both obscrved and unobscrved family effects, i.e., X, and y, are differenced out n
Equation (3). Becausc x4, has been removed, we can apply the OLS mecthod 1o
Equation (3) without worrying about bias being caused by the omitted variable of 4.

It is notable that the identification assumption of Equation (3) is that the
differences in within-twin-pairs cducational 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 omited
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-cffects estimator has been extensively examined and discussed in

" Since all experimentally measured preferences (dependent variables) are dummies, a logit model
would seem to be u natural choice. [However, a linear probability mode! facilitates our within-twin-pair
fixed-efTects estimation and the inlerpretation the estimated coeflicients.
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Ashenfelter and Rouse (1998). We will systematically examine the robustness of the
within-twin-pair fixed-estimates in Scction 6 below,

There is a2 concern about the small sample size of our adult Chinese twins.
The small samplc 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 ¢~ and
I statistics hinge on central limit theorems. These statistics are only asymptotically
valid. Micceri (1989) makes an extensive survey concluding that classic testing
slatistics may be unrcliable when the sample size 1s small. We address the potential
problem of small sample size using the permutation-based inference procedure which
15 valid in small samples (Freeman and Lane, 1983; Hcckman et al., 2010).
Specifically, the permutation tests are bascd on Monte Carlo simulations. Al
reported 1 — statistics below are computed using 3,000 draws under the random

pcrmutation procedure.

5 Education and Preferences
This section reports and discusses our estimation results. We present successively the
cstimated cffects 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 cducation and fourfold pattern of risk attitudes.. As discussed above, wc
catcgorize educational attainments into four groups. The group of middle-school-
and-below is the bascline group which is omitted from the regression equation. The
estimated coefficients on the threc cducationa! groups remaining in the regression
equation are rclative to the omitted group of middle-school-and-below, respectively.
Columns (1)-(3) report the estimation results with risk attitude toward moderate
prospects. From the OLS estimates in Column (1), we 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 cocfficients on technical school
and college level cxperience. In Columns (3) of the within-twin-pair fixed-effects
estimation, both observed and unobserved family characteristics arc swept out. In

this case, we find that the education level at colicge-and-above substantially
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increases risk tolerance toward moderate prospects, and the estimate is statistically
significant,

Column 2 of Tablc Al in Appendix IV shows that the effects of father's
cducation are opposite that of mother's education on nisk attitude toward modcrate
prospect. 2 Father's cducation incrcases risk tolerance while mother's cducation
decrcasces 1t. This finding may help rationalize a bargaining or a collective household
model rather than a unitary houschold model involving a dictator or a dominant
preference in the family.”’ From the magnitudes of the estimated cocfficients, the
ncgative cffect of mother's education scems to dominate the positive effect of father's
cducation on child's nsk attitude toward moderate prospects.. This result is echoing
Bchrman and Roscnzweig (2002) who found that mother's education is more
important in deternining the education of the sccond generation than father's
education. We find that mother's education seems to be more important in shaping
children's preference formation.

Columns (4)-(6) of Table 2 rcport the estimation results with nsk attitude
toward modcrate hazards. Similar to the results with moderate prospect, the within-
twin-pair fixed-effects cstimates in Column (6) indicate that the education level of
collcge-and-above significantly increascs subjects' nsk tolerance for moderate
hazards. It is noted that, in Columns (4)-(5) of Table Al in Appendix [V, the age
cffect on risk attitude toward moderate hazards seems nonlincar. Age increases risk
tolerance in the beginning, and then declines with old age. This nonlincar pattem of
age effect cxists also in the estimation of risk attitude toward moderate prospects
(Columns (1)-(2) of Table Al), although the cstimated coefficients arc only
marginally significant. The estimated nonlincar relationshtp between age and attitude
toward modcrate risks may help rcconcile a controversy in the litcrature. For
example, Harnison ct al. (2008) found that nsk aversion dccreases as age increases,
while Dohman ct al. (2009) observed that the willingness to take nisks 1s negative
related to age.

Columns (7)-(12) report the cstimates relating to attitudes toward longshot
prospects and longshot hazards. Similar to the effects on moderate prospects and

modcrate hazards, the fixed-effects estimation results in Column (9) show that the

* To save space, we have only reported the estimated coefficients on education levels in the paper,
while the estimated coefTicients on other variables are reponied in Appendices 1V and V.
" Kor a survey, see, €.g., Behrman (1997).



cducation level of college-and-above significantly increases risk tolerance for
longshot prospects. On the contrary, Column (12) does not show a significant cffect
of education on people's risk attitude toward longshot hazards.

Table 3 reports both the OLS and within-twin-pair fixed-effects estimates of
cducation and decision making anomalies under risk and uncertainty. We first look at
the cstimation results with Allais-type behavior in Columns (1)-(3). It is interesting
to find that more educated persons are more likely to cxhibit Allais-type behavior.
The within-twin-pair fixed-effects estimate is statistically significant for the group
with college-and-above education. Columns (4)-(9) present the estimated results with
ambiguity aversion and familiarity bias. Comparing with the baseline group with
middle-school-and-below cducation, the fixed-effects cstimates in Columns (6) and
(9) show that more educated people are consistently more ambiguity averse as well
as more biased toward familiarity. Intercestingly, the effect of education on ambiguity
averston and familiarity bias seems to be nonlinear. The group with high school
education is cstimated to exhibit the strongest ambiguity aversion and familiarity
aversion. 1t 1s noted that, in Column (17} of Table Al in Appendix IV, the cffect of
father's education on the child's familiarity bias is opposite to that of mother's
cducation. Father's education decreases the child's familianty bias, while mother's
cducation incrcases it. The finding further supports a bargaining or collective
houschold modec] rather than a unitary houschold modcl.

Summarizing Tables 2-3, we first conclude that education increascs subjccts’
risk tolerance toward moderate prospects, moderate hazards, and longshot prospcct.
Second, more cducated people are more likely to deviate from the prediction of the
cxpected utility theory, They are more likely to display Allais-type behavior,
ambiguity aversion, and familiarity bias, suggesting that pcople with higher levels of
cducation seem morc anomalous n nisk attitudes. Finally, thc big differences
between the OLS estimates and within-twin-pair fixed-cffects estimates for each
preference measure in Tables 2-3 confirm that 1t is important to control for the cross-
family heterogeneity.® The results suggest caution in interpreting the OLS cstimates

of education and decision making under risk and uncertainty as causal.

2 However, the small sample size limits our further effort to explore the statistical signiticance with
respect to the differences between OLS and fixed-effects estimates.
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52  Education and Decision Making Involving Time

The OLS and within-twin-pair fixed-cffects cstimates of education on decision
making involving time are shown in Table 4. From Column (3), we first find that
subjects with college-and-above cducation are significantly more patient than other
groups. In addition, Column (6) shows that the group with college-and-above
cducation s 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 Tabic A2 of Appendix V, that males arc more patient
and less disposed to exhibiting hyperbolic discounting than females. The estimated
cocfticients on gender (a male indicator) arc highly significant. On anticipation,
Column (9) in Table 4 shows that education does not have a statistically significant
cffect. By contrast, Columns (12) and (15) in Table 4 indicate that having more
education significantly dccreases both dread and hopefulness. Finally, subjects with
collcge-and-above educational attainments arc less likely to be anxious, though the
cstimates are statistically insignificant (Column (19)).

In summary (see Tabie 4), in terms of the signs of the estimated coefficients,
the within-twin-pair fixed-effects cstimatcs show that cducation decreases
impatience, hyperbolic discounting, drcad, and hopefulness, as well as anticipation,
with anxiousness being the only cxception. While education seems to increase
anticipation, its fixed-cffects estimate is statistically insignificant. In contrast to
decision making under risk and uncertainty, people with higher level of education
tend to cxhibit 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 dccision 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
mecasurement errors with educational attainments, we first conduct an instrumental
variable estimation. Second, to cxamine possible biases with our within-twin-pair
fixed-cflects estimates induced by omitted variables, we conduct the cstimation

controlling for pre-birth cndowment of birth weight and restricting our sample to MZ

# There are 95% of the subjects who exhibit time inconsistency are practicing hyperbolic discounting in
our experiment.
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twins. Third, we estimate the effects of cducational attainments on prefercnces
controlling for income and health. Fourth, we check the possibility of reversal
causality. Finally, we examine any remaining potential biascs of our within-twin-pair

fixed-clTects cstimates.

61 Measurement Errors

The measurement error problem i1s a pnimary concern with the within-twin-pair
lxed-effects estimator (Ashenfelter and Krueger, 1994). The classical measurement
crror in education lcads to a downward biased (in tcrms of absolute valuc) estimatc.
The fixed-cffects model cxacerbates such measurement error bias. This essay follows
Ashenfelter and Krucger (1994) to obtain good instrumental variables to deal with
possible measurement error problem. Specifically, in the CATS we asked each twin
to report both their own education and their co-iwin's cducation. if there is a risk of
measurement error in the sclf-reported cducation, the cross-reported education is
potentially a good instrument. The reason is that the cross-reported education should
be corrclated with the truc education of a twin but uncorrelated with any

measurement error that might be contained in the sclf-reported one.

The instrumental variable approach is applicd as follows. Denote £* for twin
k's report of twin j's education level. We can then use £} - £} to instrument
) E; in Lquation (3). This approach is valid in the presence of common family-
specific measurement error because family cftects are chiminated in the within-twin-
pair diffcrence. However, as Ashenfelier and Krucger (1994) demonstrated, the
Imcasurement crror term in £ - E! and that in £/ - £} may be corrclated. In this
case, the instrumental variable cstimate using £ - E! is also biased. This
considcration motives us 1o use £, - F) as thc regressor and £ - £] as the
imstrumental variable. This method is valid even tn the presence of correlated
measurement errors because the individual-specitic component of the measurement
crror in the estimation is swept out.

Before dircetly going to the [V estimates, we have compared the individual's
self-reported education with co-twin's reported. 1t is found that there are only six
individuals among the whole sample whose self-reported educations arc different

from those reported by co-twins. It means that the potential rate of misrcports of
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cducation is only 4.29%,, which is lower than the misreport rate in Ashenfelter and
Krucger (1994). Considering the low misreport rate, we expect that the IV estimates
will not be much different from the within-twin-pair tixed-cffects estimates reported
i the previous section. This prediction is confirmed by Table S, which reports the
mstrumental vanables within-twin-pair fixed-etfects estimates of education and
preferences. From this table, we find that the pattern of the cducation effects on
various preferences sull remains. In summary, our within-twin-pair fixed-eftects
estimates of the cducation cffects on preferences are robust to the measurement

crrors problem.

6.2 Omitted Vanables

Although twin siblings sharc similar family environment, there may still exist
unobservable heterogencity across them. For example, twin siblings may be ditferent
in womb nutrition intakes and thus there are different birth wetghts across them.
Recent studies find that birth weight affects a series of short- and long-run outcomes
such as hcalth, cducation, and income (Behrman and Rosenzweig, 2004). Therefore,
we include birth weight to controtl for pre-birth endowment as a robustness test, {t s
also interesting to examine the clfects of birth weight on preferences. Table 6 reports
the within-twin-pair fixed-cffects cstimates controlling for the variabie of birth
weight. It is found that the cstimated cffects of cducational attainments on
preferences are very similar to those in Tables 2-4, indicating that our results are
robust to the inclusion of birth weight as a control vanable. In Table 6, we also find
that birth weight does not have a statistically significant effect on preferences, which
may be due to the small sample size.

Beeause of the small sample size, we have included both the MZ and DZ
twins 1n our cstimation above. Although DZ twins share identical famity
environment, they only share half of the genetic ecndowments. Thus, it may be argued
that the within-twin-pair fixed-effects cstimation 1s not so clean. Table 7 reports the
within-twin-pair fixcd-ceffects cstimates when we restrict the estimation samplice to
MZ twins only. Although there are only thirty six pairs of MZ twins, the pattern of
the cffects of educational attainments on preferences in the basic cstimation remains
similar to that reported in the previous section. Despite the small sample size, the
cducation level at college-and-above significantly increases the risk tolerance toward

modcerate prospect and decreases impaticnee.
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6.3 Estimates Controlling for Income and Health Status

It has been argued that socioeconomic variables such as incomes and health affect
preferences. During the same time, education affects income and health. Thus, we
have also included income and health into the regression equation to check whether
the cffects of education on preferences are through income or health. Tables 8-9
report the within-twin-pair fixed-cffects estimates of cducational attainments on
preferences by controlling for income and health, respectively. We find that the
pattern of the estimates of cducation attainments has changed little after controlling

for these two variables.

6.4 Reversal Causality

Another potential problem with our within-twin-pair fixed-cffects estimates is
reversal causality bias. Although the unobscrvable family factors and individual
heterogeneity may have been well taken care of by using the within-twin-pair fixed-
cffects estimator, there may be a reversal causality problem running from preference
to 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 mcasured at, on the average, 45 ycars old, while
cducation was normally finished before age 22 for all subjects in our data set. On the
other hand, because twin siblings, in particular MZ twin siblings, share common
family background and genctic endowments, they may bc unlikely to have
differences in preferences in the early stage of their life that may have affected their
cducational attainments. The small sample size restricts our effort to further address

, . 24
the possible rcversal causality problem.

6.5 Potential Biascs of Within-Twin-Pair Fixed-Effects Estimates

Ashenfelter and Rouse (1998) emphasized that therc are no genetic differences
between identical twins cxcept measurement crrors. They argue that different
Hfs‘?hooling levels of identical twins arc due to random deviations that arc not related
to the determinants of schooling choices. 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-cffects estimator because
preference at the adult stage may affect the subject's re-schooling choice and education level. However,
we find that there are only 4 subjects in our sample (140 subjects) whe 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 scnsitive 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, - E,, . If cndogenous variation in cducation comprises as a large proportion of the
remaining within-twin-pair vanation as it docs of the cross-sectional variation, then
within-twin-pair estimation is subject to as large an endogeneity bias as cross-
scctional cstimation. The potential endogencity of schooling differences between
twins corresponding to remaining unobserved differences in ability or personality
may cxist in our fixed-effects estimates despite the common genetics or they may
result from with-MZ twins different expceriences. Thus, the major concern of the
within-twin-pair cstimate 1s whether 1t 1s less biased than the cross-scctional estimate,
and 1s thercfore a better 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 unobscrved ability that may

cov(E,, u, + &)

also affect earnings, that 1s,
var(E))

. Similarly, the ability bias of the fixed

cffects estimator depends on the fraction of within-twin-pair variance in education
that is accounted for by within-twin-pair variance in unobserved ability that also

COV(AE, Ay, + Ag))

affects carnings, that is,
var(AE,)

. If the cndogenous vanation within a

family is smaller than the cndogenous variation between families, the fixed effects
estimator is less biased than the cross-sectional cstimator. In that case, we can credit
that the within-twin-pair cstimates arc better than OLS cstimates.

Ashenfelter and Rousc (1998) suggested a corrclation analysis to examine
whether the within-twin-pair estimate is less biascd than the cross-sectional estimate.
Using the CATS data, Li et al. (2011) conducted a correlation analysis similar to that
of Ashenfelter and Rouse. They use the corrclations of average family cducation over
cach twin pair with the average family characteristics that may be correlated with
individual heterogencity to indicate the expected omitted bias in a cross-scctional
OLS regression. They then usc the corrclations of the within-twin-pair differences in
education with the within-twin-pair differences in these characteristics to indicate the
expected omitted bias in a within-twin-pair regression. If the corrclations in the

cross-sectional case arc larger than those in the within-twin-pair case, then the bias in
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the cross-scctional regression is likely to be larger than the bias in the within-twin-
pair regression. Li ct al. found that the between-family correlations are all larger in
magnitude than the within-twin-pair correlations, suggesting that the within-twin-pair
cstimation of the return to education may indeed be less affected by omitted
individual heterogeneity than the cross-scctional OLS cstimation.” 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 cssay utilizes both survey and cxperimental data and provides a systematic
cmpirical study of the effect of education on two dimensions of preference - risk and
time. To control for unobscrved {amily environment and to minimize individual
cndowment heterogeneity, we conduct a number of economic experiments on adult
twin pairs and usc within-twin-pair fixed-cffects estimators to carry out the
identification of the cffect of education on preferences. Our fixed-cffects estimates
indicate that people with higher level of education are less nsk averse toward
moderate prospects, moderate hazards, and longshot prospects. These findings are in
line with previous findings about risk attitude and cognitive ability {Dohmen et al.,
2010; Benjamin ct al., 2006; Burks et al., 2009) and extend thc findings to nlodcrate
hazards, and longshot prospects. In relation to decision making anomalies under risk
and unccrtainty, we find that more educated people tend to bc more disposed to
cxhibit Allais-typc behavior and longshot bias. The within-twin-pair fixed effects
cstimates of cducation and preference in decision making under nisk and uncertainty
may contribule to our undcrstanding of the rclationship between education and
sociocconomic wetl-being. Onc reason is that risk attitudes toward uncertainty
underpin a wide range of economic bchavior, such as portfolio choice and insurance
purchase, which have long-term economic consequences for individuals.

In terms of preference involving time, our findings suggest that people with
higher education will tend to be more patient and cxhibit less hyperbolic discounting.
Time preferences, in particular time consistency, arc cssential in dynamic cconomic
decision making. Our estimated cffects of educational attainments on time

prcferences bave important implications in economics. They can help cnhance our

** Table A3 in Appendix VI cites the between-families and within-twin-pair correlations of education
and other variables in Li et al. (2010).
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understanding of the relationship betwecn cducation and socioeconomic well-beings.
1t i 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
cstimaltcs of cducation 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 macroeconomic model strcssing time
consistency. Furthermore, these findings accord well with intuition which underpins
the so-called Save Morc Tomorrow prescriptive savings program (Thaler and
Benartzi, 2003) to increase the saving rate.

The contrast between the morc anomalous decision making bchavior under
risk and uncertainty and thc less anomalous decision making behavior over time
suggests that they may have distinct underlying mechanisms. If anomalics reflect the
limitation of cognitive ability, increased understanding of anomalies ought to
increase the frequency of the “truly” normative response (Savage, 1954), and
dccision making may even call for prescriptive policies to correct their own behavior.

We find substantial differences between the OLS cstimates and within-twin-
pair fixed-cffects estimates for cach preference in our study. The results suggest that
the OLS estimated corrclations between cducation and preferences arc far from
causal cffects. Although the relationships between demographic and socioeconomic
variables, cognitive and non-cognitive skills, and risk attitudes have been extensively
studicd in the literature,?® the issuc of causality has rarcly been addressed.

There remains a general question about determinants of preference: nature
versus nurturc. The cmergence of neurocconomics over the past decade has
contributcd to a further advance in bechavioral economics as well as in experimental
cconomics in going beyond psychological considerations in modcling and beyond
revealed choice in testing implications of different models (Camercr et al., 2005).
Recent twin studies suggest that genetics may contribute sigmficantly to economic
risk attitude (Cesarini et al,, 2009; Zhong ct 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 well-characterized functional genes and nsk attitude in

Carpenter et al. (2009), Crisan ct al. (2009), Dreber & Apicella (2009}, Kuhnen &

*Refer to Section 2 of the literature review.
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Chiao (2009), Roe 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 ¢t al., 2010). Our cssay revcals additional and
direct cvidence about an tmportant factor, namely education, in preference formation.
Naturally, it would be of interest to further explore the interaction between genetic
and education or the interplay betwcen nature and nurture in futurce studics. Given
our findings about the malleability of preferences by education, the individual's
preference may be trcated as a kind of human capital which couid be shaped by
vanious inputs through a production technology.

While this cssay scems to be, to our knowledge, the first study exploring the
causal cffect education on prefcrences, 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
cxperiment on adult twins, 140 subjccts scem 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 ficld experiments in the
future.

Finally, this cssay, as an cmpirical study, does not attempt to modcl the
mechanism through which education affects individuals' decision making under nisk
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 cducation and preference formation.
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Table 1a: Summary Statistics of Educational Attainments and other Variables

Variables # Obs. Mean S.D.

Education level

Primary school 140 0.06 0.25
Middic school 140 0.19 0.40
High school 140 035 0.48
Technical school 130 0.16 0.37
College-and-above 140 0.23 042

Parental education level

Father primary school 140 046 0.50
Father middle school 140 0.22 042
Father high school 140 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 0.07 026
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) 140 247 0.73
Family annual income (RMB1000) 140 22.51 18.04
Health indicator (good=1) 140 0.56 0.50
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Table 1b: Summary Statistics of Experimental Measures of Preferences

Variables # Obs. Mean S.D. Min Max i wlli}lr?-twm
variation
Decision Making under Risk and Uncertainty
Moderate prospect 140 0.64 0.48 0 ] 37.33%
Moderate hazard 140 0.73 045 ] ] 44.42%
Longshot prospect 140 0.57 0.50 0 1 40.83%
Longshot hazard 128 0.57 0.50 0 1 36.66%
Allais-type Behavior 122 0.18 0.38 0 | 44.37%
Ambiguity aversion 140 0.62 0.49 0 ] 44.02%
Familiarity bias 140 0.79 0.41 0 | 50.91%
Decision Making Involving Time
Impaticnce 140 0.54 0.50 0 ! 47.39%
llyperbolic discounting 140 0.23 0.42 0 1 52.65%
Anticipatton 130 0.43 0.50 0 ] 34.50%
Dread 136 0.73 0.45 0 I 42.69%
Hopefulness 128 041 049 0 i 35.62%
Anxiousness 140 0.76 0.43 0 [ 54.39%

Note: Appendix | and 11 give experimental instruction and variable construction. The last column
gives the percentage of within-twin-pair variation to the total vanation for each preference variable.
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Appendix for Essay One

Early 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

In the paper, we assumne 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:

8L = {0 + (L= v) (Be87; + B IA¥)9, (1)

05, = {2(65)% + (1~ ) (BebS, + B1IG)Y) S, (2)

f

where ¢ < 1, and it measures the complementarity or substitutability between 8% and 87 (1
in producing 0‘ 9, and between 9‘-{’1 and Bfl (Ifl"l) in producing 952. 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:

IH‘ = %”-WTF§¢"-H gﬂ £,1> (3)
I"cl“r = (;(; W t¢c gﬂ 1,1 (4)
where:
o = (1-7) [3991 + (B0)]; 1]"b
' vOC ¥ + (1 — ) [Be87, + (BT
o - (1) 80, + BIE)®

¥(BI)% + (1 — ) [BebC, + (BDIGY

and W and m; are defined as before. We 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
he interpreted as the importance of I{I in producing 6‘2, relative to 67, ‘)5 similarly, ¢ measures
the importance of IS ", in producing 052, relative to 9;‘,1- We notice that the signs of 8]’ /96

8¢¢ 108 are determined by 9. Heckian (2007) argues that 9?1 and 6‘- (and I, 1) are complements
in producing 9, 5, and 9 and 9 . {and I} 1) are complements in producing 6“%. In this case, ¢ < 0,

o¢f! /8804 < 0, and 84)?/ 98, > 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 immportance of health (¢) and cognitive skills (¢%), respectively. We also
notice that ()(b”/ab“ | = 0 and 8¢C/69‘ , = 0 (4 #1). This means that, although an increase in the
health stock of child 7 in the first period changes the share of resources allocated to child j through
W, it does not change the relative importance of health and cognitive skills in the production
function, i.e., (,a}” and c;&g" are unaffected. The new comparative static results for the effect of health

in the first period on the investment in health and cognitive skills in the second period are:

arite F51%% "y am; 8¢ _ Ba

- —tw W , 5
09{1 f (ae” aa,”l # aa{f, B %)
eI; ac (W o B g
Sl L ZC i b e Wl + W | 6
o6l = B \aem 9t ggm VUt e VT (6)

We notice that there are four channels through which 6/ affects I/5*. As discussed in the paper,
ow /a8 i1 is a wealth eﬁ'ect,. which is always positive, (‘37&/88{3 is a price effect, whose sign is
determined by parental inequality aversion, and —fp/0r is what we defined a technological effect;
the new term ('qu" / BG-H is instead a by-product of the CES specification of the production function
{Equations (1)-(2)). If parents weight efficiency more than equality (p > 0} and 6‘::'1 and 8 (and
I‘-' ) are complements (¥ < 0), then dm;/36F, is positive and ¢! 160 | is negative. Thus, the total
effect of 6/ on Ifi* is indetermined. In contrast, the total effect of 6f) on I7 is positive when
p > 0 and ¥ < 0. This is because both 8W/86%, 6x;/88) and d¢T /88]} are positive.

Then, the cross effects of child #’s health in the first period on investment in child j's (j # )

health and cognitive skills in the second period are:

oLy on (OW . O o
o = B \aam v T aEm Y | )
gy oW an; ,
J!l — JW C' . 8
067, B (aeH 45+ el ®

Recall that 87;/867, has the opposite sign as 8m;/86/], and that we assume 7; = m;, ¢/ = ¢f',

and d:? = ¢JC before the occurrence of the health shock.

g ‘
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Subtracting pairwise equations (5)-(}), we obtain:

. Hs 3
orll* o1l _ aH ( dmi  Om; ) wol + o¢f Wm] _ Be

- - huht 38 = 9
soll " 8% = B |\oof, 6%, 361 Bi )
oISy OIS} ac [ 8m; B g

a0~ BTt B |\ oo, ~aer | VO g T (10}

When cfliciency out-weights equality when parents make investment decisions (p > 0) and Bf."l
and 6',”, {and Il-_Hl) are complements (¢ < 0), 8!8‘/08‘-“‘{1 - aff,‘ /08F, is positive, while the sign
of 81} 190! - o1]ir /86} is undetermined. Since an early health shock negatively affects health
(08)% /0ef) < 0), the within-twin-pair fixed-effects estimate of the effect of an early health shock
on investment in cognitive skills is predicted to be negative, 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.
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2 Derivation of the First Order Conditions

Under the assumption of a binding budget constraint, from cquation (14} we have:
c C H H
Ij.l = I"*I‘.l ‘“I"‘! - Ij.l

Substituting the specific functional forms for the child quality function, the production technologies
and Ifl into Equation (17} in the paper, and taking the first-order derivative with respect to I,{{,,

we obtain:
-1

[}
2 »
an (1~ 7YBOOE ) 1808, + BrIF )1 (01, ne1 (95, )2cP Z(eﬁz)“ﬂp(eﬁa)“c”]
k=1
' L_
P

9 ' 1
ac(l ~ 7)B:(05)7(9665, + BIIE ) ~V(65,)cr= (g, )ane [Z(Gﬂz)“””(ﬁf,z)“"] :
k=1

This can be simplified to:

an (B85 + BIIGT |

aCT;

= [Be08 + BiI), ' (11)
-

where m; is defined as in Equation (24) in the paper. Similarly, the first order derivative with

respest to Ifl is:

Beb, + B1IC | mi
[ Ji1 J.l] = [Bﬂgsl + ﬂlI‘_C"ls] ) (12)

7
Summing up Equations {11}-(12) and using the fact that m; + m; = 1, we get:

(8085, + 81151

Qom;

where W is defined as in Equation (22) in the paper. Rearranging yields:

ac Be ¢
IS = =Ewr; - B2,
Mg g
By symmetry, rewriting:

If =1- 15 - I - I},
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and repeating the above steps, we obtain: |

1€ = LW, ~ Po oc

Along the same lines, we obtain:

e = @y Pogn
il ﬁj’ 1 ﬁf il
e . o, Baapy
IJ"1 = EW?TJ - B‘-gj,l.
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3 The Price Effect of an Early Health Shock

The first order derivative of m; with respect to 8 in Equation (24) is:
il

p—-—l OV F p~—l av. yil
o, N wkYi Vs oot Vi
a6 ~ P U '

<

where Vi = V(01,,65,) (k = 4,3) is defined in Equation (18). By simple manipulation, we obtain:

o (ViVy) (ewen v op)

o6k, 9{?’1 U2 '

where Ev, ol is the own elasticity of child quality with respect to health in period one, and Ey, oM is
the cross-elasticity of child quality with respect to health in period one. It is reasonable to assume
that £, 81~ Ev, 08, > 0.' In this case, the sign of the own price effect, dm; /89{";, is determined by
the parental inequality aversion parameter p. Since #; + m; = 1, the cross-price effect, o /69{3'1,

has the opposite sign as the own price effect.

This sssumption derives from the parental utility function: if parents have symmetric preference, L.e., U{V1,V3} =
U{V4, V1), then it is automatically satisfied. The assumption of symmatric 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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The Distribution of Early Health Shocks

Table 2: Distribution of Health Shocks at Ages 0-3

# Early Health Shocks Freq. Percent

0 2670  91.41
1 210 7.19
P 38 1.30
3 3 0.1
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6 The Determinants of Early Health Shocks
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7 OLS Estimation Results
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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 1.0564%%* 0.021 0.030 0.784
[0.153)  [0.056]  [0.086] [1.644]
Birth weight(kg): <2 0.440** -0.076 -0.079 0.004
(0.189]  [0.078]  [0.113] [1.694]
Birth weight(kg): 2-2.5 0.255* 0.054 -0.016 -1.860
(0.150]  [0.060]  (0.090] 1.315)
Birth weight {(kg): 2.5-3 0.199 -0.046 -0.052 -0.955
(0.143)  [0.059]  10.087] [1.243]
Gender (boy=1) 0.233** -0.036 -0.023 1.394*
(0.094] [0.038] 10.054] [0.833]
Age 0.037F  0.088%F%  (.040%+% . pp2%H
[0.021) [0.009) [0.014] [0.192]
Birth order 0.182 0.040 -0.045 -0.706
(0.264]  [0.096]  [0.118) [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*
{0.014]  [0.006]  {0.008] [0.127]
Mother’s education 0.081%**  (.026*** 0.016 0.874%**
(0.022)  [0.009)  [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] {0.079] [1.211]
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)

Henlth  Education Clothing Parents home
tutor
Early health shocks 0.861%** 0.032 -0.068 1.112
[0.209)  [0.075]  [0.147) (2.218]
Birth weight(kg): <X 0.214 -0.054 -0.022 -0.889
[0.253] [0.082] {0.138] [2.234]
Birth weight(kg): 2-2.5 0.420** 0.040 -0.010 -2.522
[0.185]  {0.065]  [0.118] [1.644)
Birth weight (kg): 2.5-3 0.337*  -0.054 0.033 -0.948
(0.173)  [0.063]  [0.112] [1.529]
Gender (boy=1) 0.208* -0.054 -0.032 1.252
(0.115]  [0.043]  [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] (0.124} [2.518]
# Siblings -0.563** -0.123 -0.060 -2.524
[0.263]  [0.104]  [0.110} [2.222]
Mother’s age -0.001 0.013%* -0.005 -0.115
10.017) (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) j0.246]
Own washing machine 0.119 0.105%*  0.184** 2.060
[0.145] [0.050} 10.081] {1.312]
Own refrigerator -0.253 0.107 0.153 4.624%*
[0.231]  [0.077)  {0.101] [2.079]
Own cell phone 0.048 0.261%**  (.312%** 3.344*
[0.183] [0.069] {0.088) {1.889]
Mother working in public sector  0.217 0.082 0.131 -0.510
(0.412]  [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: Tach 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 6: OLS Estimates of the Determinants of Family Investments (Urban Sample)

Health  Education Clothing Parents home

tutor
Early health shocks 1.163%** 0.013 0.123 0.784
[0.217]  [0.081]  [0.094] [2.359]
Birth weight(kg): <2 0.620**  -0.081 -0.137 1.096
(0.282]  [0.142]  {0.181] [2.600]
Birth weight(kg): 2-2.5 0.084 0.082 0.004 -0.875
[0.246]  [0.115]  [0.140] [2.152]
Birth weight (kg): 2.5-3 0.008 0024  -0.137 10.788
(0.239]  [0.115]  [0.139] 2.077]
Gender (boy=1) 0.258* -0.008 0.001 1,565
[0.148]  [0.064]  {0.089] [1.310}
Age -0.040 0.071%%* 0.037 -2,252%%*
[0.034)  [0.016]  [0.023] 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
(0.693] [0.167] [0.279) (5.937)
Mother's age 0.004 0.018*  -0.035%* -0.267
. (0.023]  [0.010]  [0.015] (0.203]
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]  [0.017] [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* .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
[0.284]  [0.100]  {0.129 (2.293]
Rural
# QObservations 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#iénts {Male Sample)

Health  Education Clothing Parents home
tutor
Early health shocks 0.838*%**  _0.051 -0.024 4.975*
(0.209]  {0.087]  [0.127) [2.612)
Birth weight(kg): <2 0468  -0.235*  -0.210 -2.006
0310  [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 0.004 -0.138* -0.051 -0.656
[0.218)  [0.078)  [0.146] [2.084)
Gender (boy=1)
Age -0.042 0.085%**  (.073%** -1.969***
(0.033]  [0.014]  [0.025] [0.342]
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*
[0.440]  [0.141]  {0.168] [3.332)
Mother’s age -0.004 0.019**  -0.037** -0.172
(0.022]  [0.009]  [0.019] [0.238]
Mother’s education 0.058*  0.036%** -0.009 1.019%**
- [0.035] [0.014] [0.024] [0.344])
Per capital family income 0.019 0.035**  0.078*%** -0.658**
[0.030j [0.017] 10.019) [0.286)
Own washing machine 0.413* 0.081 0.310** 2.735
(0.215)  [0.081]  [0.145] 1.933]
Own refrigerator 0.299 0.208** 0.226 -0.740
[0.247]  [0.102]  [0.152] [2.343)
Own cell phone -0.151 0.180** 0.192 2.708
[0.223]  [0.085]  [0.119] [2.167)
Mother working in public sector  -0.403  -0.309*** 0.209 -B.016**
[0.350) [0.118] [0.157] [3.373]
Rural 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 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 8: QLS Estimates of the Determinants of Family Investments (Fermnale Sample)

Health  Education Clothing Parents home

tutor
Early health shocks 1,337+ 0.139 0.018 -2.647
(0.296]  [0.102]  {0.136) [2.669]
Birth weight (kg): <2 0.358 0.039 -0.123 2.904
(0323  [0.126)  [0.179] (2.524]
Birth weight(kg): 2-2.5 0.343  0.188*  -0.024 0.393
[0.288)  [0.097]  1(0.163] [2.285)
Birth weight (kg): 2.5-3 0.217 0.044 -0.086 0.009
(0.270]  [0.106]  [0.153] [2.184]
Gender {hoy=1)
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
[0.384)  [0.161]  {0.184] |3.654)
# Siblings -0.403 -0.128 -0.099 -3.629
(0.335]  [0.146]  [0.161] [3.227]
Mother’s age -0.006 0.022%* -0.009 -0.347*
, [0.027]  [0.011)  [0.012) [0.207]
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*
[0.040] {0.016] [0.024] [0.382]
Own washing machine 0.118 0.097 0.253* 1.215
[0.215] [0.105) {0.149] [1.746]
Own refrigerator 0.185 0.081 0.068 2.391
(0.249)  [0.112)  [0.150] [2.013)
QOwn cell phone 0.019 0.378***  0.577*** 2.914*
[0.216] [0.089] "\ [0.131] [1.736]
Mother working in public sector  -0.367  0.300***  .0.077 1.864
[0.381]  {0.110]  [0.169) [2.746)
Rural 0.221 -(1.119 0.135 -4,160**
[0.231} {0.085] [0.143] [1.889]
# Observations 1120 1120 1120 1112
R-squared 0.105 0.333 0.225 0.269

Source: CCTS. Notes: Each columnn 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 0.128 -1.857
[0.375]  [0.120]  {0.210] [3.281]
Birth weight(kg): <2 0.485 0.070 0.267 -0.480
[0.373] [0.158] 10.184] [3.954]
Birth weight(kg): 2-2.5 0.192 0.137 0.117 -2.782
[0.261] [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 (boy=1) 0.088 -0.026 -0.022 0.165
[0.096]  [0.024]  [0.021] [0.811]
Age -0.052 0.095***  (.082*** -2.073%**
[0.046]  [0.022)  [0.026] [0.389]
Birth order -0.044 -0.004 0.052 -4.484
[0.658] - [0.173} [0.270] [6.031]
# Siblings -0.289 -0.003 -0.282 -2.719
[0.605)  [0.161]  [0.205] [5.399)
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***  (.081*** -0.380
10.046] {0.025] [0.021] [0.346)
Own 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) [0.171] [2.501]
Mother working in public sector  -0.460 0.185 0.468** 7.498
{0.654) [0.271) [0.233] (4.822)
Rural 0.396 -0.205* -0.044 -1.189
[0.278]  [0.115)  [0.152] 2.254]
# Qbservations 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 10: OLS Estimates of the Determinants of Health {Whole Sample)

Height Weight BMI Health Hospital
(z-score) {z-score)  (z-score) Status Visits
Early health shocks -0.132 -0.206** -0.142  -0.297**  0.196*%**
0.115) [0.090]  [0.107] 0.063] [0.041}
Birth weight(kg): <2 -0.453%%*  .0.393***  -0.271**  .0.148%** 0.063
[0.113] (0,088} [0.109j [0.057] [0.038]
Birth weight(kg): 2-2.5 -0.221**  -0.178** -0.062 -0.104** 0.042
[0.094] [0.073] {0.085] [0.044] [0.0304
Birth 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 (boy=1) -0.030 0.099*%*%  (.158%** -0.027 0.015
[0.060] [0.048] 10.058} [0.028] [0.020}
Age 0.005 -0.035%** _0.073***  0.015**  -0.010%*
(0.014] [0.011) [0.013) [0.006) [0.005]
Birth order 0.182 0.286* 0.076 -0.044 0.018
{0.214) {0.151] [0.174] [0.089] {0.053]
‘7 Siblings -0.441**  -0.272** 0.121 0.036 -0.123*%**
[0:-189] (0.135] [0.146) [0.080} [0.047]
Mother’s age 0.032%%* 0.007 -0.010 -0.002 0.001
[0.009} {0.006) [0.009] (0.0G4] [0.003]
Mother's education 0.053***  0.028*** -0.001 -0.003 0.019***
[0.013] [0.010] {0.013) {0.006] |0.005}
Per capital family income 0.039***  Q.027*** -0.004 0.020%**  -0.010**
{0.011] [0.008} [0.011] [0.005] [0.004]
Own washing machine 0.205%* 0.054 -0.082 -0.011 0.024
[0.088) 10.067) {0.080} [0.038] jo.027]
Own refrigerator 0.130 0.021 -0.063 0.006 0.081%**
[0.087] (0.070] [0.084] [0.043] [0.031]
Own cell phone 0.082 0.044 -0.070 0.026 -0.013
{0.082} {0.065] (0.080] (0.040) {0.028]
Motiher working in public sector  -0.038 -0.042 -0.077 0.051 0.008
[0.128] [0.100] [0.123] [0.063] [0.049]
Rural -0.431%**  .0.204%**  (0.128* 0.003 0.060**
[0.082) {0.066) [0.078] [0.038] {0.028]
# Observations 2846 2870 2822 2010 2902
R-squared 0.173 0.073 0.079 0.040 0.063

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors,
clustered st the household level, are in brackets; * significant at 10%; ** significant at 5%; ***
significant at 1%.
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Table 11: OLS Estimates of the Determinants of Health (Rural Sample)

Height Weight BMI Health  Houpital

(z-score} ({z-score} (z-score)  Status Visits
Early health shocks -0.081 -0.217* -0.082 -00.202%* 0.078
[0.173)  [0.123]  [0.145]  [0.083]  [0.060}
Birth weight(kg): <2 0.457%*  0.271** 0115 -0.167**  0.069
[0.158,  [0.126]  {0.155]  [0.079]  [0.055)
Birth weight(kg): 2-2.5 0.415%*  _0.179* 0093  -0.103*  0.057
0.123]  [0.102)  [0.115)  [0.057]  [0.039]
Birth weight (kg): 2.5-3 0.261%*  .0.008  0.108 0016  0.022
0.114)  [0.093]  {0.106]  [0.053]  [0.035)
Gender {boy—1) 0.028 0.170**  0.220***  -0.034  0.061**
(0.084]  [0.068]  [0.082]  [0.036]  (0.027]
Agce 0.051%** -0.010  -0.087***  0.014* -0.009
{0.019)  [0.015]  [0.018]  [0.008]  {0.006]
Birth order 0.303 0.276 -0.087 -0.065 -0.027
[0.243)  [0.168]  [0.186]  [0.104]  [0.063)
# Siblings -0.644*** -0,319** 0.245 0.009 -0.099*
(0.215]  [0.152)  [0.152]  [0.093)  [0.056]
Mother's age 0.030** 0.012 0.003 0.005 0.001
[0.013] [0.009) [0.012) {0.006) 10.004]
Mother's education 0.032 0.017 -0.009 -0.004  0.018%**
[0.021]  [0.017]  [0.018]  [0.009]  [0.007)
Per capital family income 0.046**  0.041** 0.006  0.026***  -0.008
[0.019)  [0.016)  [0.017}  [0.009)  [0.007)
Own washing machine 0.243** 0.087 -0.048 -0.030 -0.008
[0.111] [0.082] {0.098] [0.045] [0.034]
Own refrigerator 0.175 -0.069 -0.151 0.000 0.075
(0.137]  [0.116]  [0.133]  [0.067)  [0.054]
Own cell phone 0.300** 0.113 -0.142 0.111* -0.021
(0.126]  [0.108]  [0.130]  {0.065]  [0.044)
Mother working in public sector 0.367 0.283 0.118 -0.114 -0.028
[0.304  [0.253]  [0.249]  {0.104]  [0.119]
Rural
4t 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 scparate regression. Robust standard errors,
clusiered at the household level, are in brackets; * significant at 10%; ** significant at 5%; ***
significant at 1%. '
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Table 12: OLS Estimates of the Determinants of Health (Urban Sample)

Height Weight BM1 Health Hospital

{z-score) ({z-score) (z-score) Status Visits
Early health shocks -0.191 -0.212* -0.202  -0.382¥%*  (.302%**
[0.141]  [0.123]  [0.155]  [0.091)  {0.051|
Birth weight(kg): <2 0.333%*%  _0.476%** -0.452%%*  -0.112 0.066
{0.164)  [0.124]  [0.151]  [(0.082]  [0.055]
Birth weight(kg): 2-2.5 0.082 0137 -0.256**  -0.086 0.031
[0.145]  [0.104)  [0.124]  [0.068]  [0.047]
Birth weight (kg): 2.5-3 0.10T -0.018 -0.132 -0.047 0.062
[0.137}  [0.092)  j0.111]  (0.064]  [0.046]
Gender (boy=1) -0.071 0.033 0.086 -0.016 -0.034
[0.084]  [0.066] [0.082]  [0.042]  [0.030)
Age -0.036*  -0.055%** .0.053*** 0.017** -0.010
10.020) [0.015] {0.020] {0.008] [0.008]
Birth order -0.252 0.349 0.654 -0.086 0.262***
- (0.415]  {0.403]  [0.452]  [0.136]_  (0.076)
# Siblings 0.421 -0.099 -0.386 0.224%*  .0.313%**
[0.340)  [0.351]  (0.386]  [0.114]  [0.045]
Mother’'s age 0.033** 0.001 -0.024* -0.010* ©.001
[0.014] (0.009] [0.013] [0.008] [0.004)
Mother's education 0.062%**  0.032** 0.005 -0.002 0.021%**
10.016} {0.013} [0.017) [0.009] (0.006]
Per capital family income 0.040***  (0.021* -0.009  0.019*** .0.012**
[0.014] [0.011] [0.014] 10.007) {0.005)
Own washing machine 0.052 -0.032 -0.120 -0.004 0.108**
(0.147]  [0.124]  [0.143)  [0.071}  [0.046]
Own refrigerator 0.110 0.081 -0.001 0.033 0.062
(0.108] [0.087) {0.110] {0.057) {0.039]
Own cell phone -00.098 -0.018 -0.010 -0.048 -0.002
{0.106] {0.082] f0.102] (0.052] [0.037]
Mother working in public sector  -0.080 -0.084 -0.131 0.097 0.005
(0.138] {0.110] [0.141] [0.074) [0.056]
Rural
# 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 Weight BMI Health  Hospital
{z-score)  {z-score) {z-score) Status Visits
Early health shocks J0.181  -0.304%*%  .0.353%*  -0.290***  0.125**
(0.169]  [0.133]  [0.172]  [0.091}  {0.058)
Birth weight(kg): <2 0.381%%  0.500***  _0.366**  -0.131 0.103
(0.194]  [0.150]  [0.185]  (0.097]  [0.068|
Birth weight(kg): 2-2.5 -0.162 -0.348***  -0.263* -0.168** 0.051
[0.148)  [0.113]  [0.134)  [0.070]  [0.051]
Birth weight {(kg): 2.5-3 -0.085 -0.021 -0.031 -0.081 0.013
(0.141} (0099}  f0.119]  [0.068)  [0.049)
Gender {boy=1)
Age -0.035 -0.055%**  -0.084*** 0.008 -0.011
[0.023] [0.020] [0.024] [0.011) {0.008]
Birth order -0.361 -0.233 -0.269 -0.207 0.049
[0.353} [0.271] [0.268)  {0.136] [0.099]
# Siblings -0.043 0.073 0.446** 0.196 -0.125
(0.315] [0.243] [0.218) [0.127] - [0.088]
Mother's age 0.076*%**  0.026** -0.014 0.002 -0.005
[0.016]  [0.013]  [0.016]  [0.008}  [0.005]
Mother’s education 0.055*%* 0.030* -0.009 -0.009 0.012
(0.021]  [0.017]  [0.022)  [(0.011]  [0.008]
Per capital family income 0.055***  0.046*** 0.003 0.022%%*  -0.002
(0.017] [0.015) [0.018] 10.008} [0.007}
Own washing machine 0.067 0.017 -0.036 -0.007 0.022
(0.150)  [0.113]  [0.134]  [0.067]  [0.047]
Own refrigerator -0.021 -0.120 0.003 0.101 0.146%**
[0.149)  [0.117]  [0.136]  [0.073)  [0.052)
Own cell phone 0.181 0.036 -0.123 -0.008 0.023
(0.144)  {0.114]  [0.3141]  [0.069]  (0.048)
Mother working in public sector 0.058 0.092 -0.031 0.091 0.007
[0.196] [0.160] [0.200} (0.094] |0.082)
Rural -0.379%**  -0.129 0.185 0.057 0.135***
[0.139]  [0.114]  [0.132]  [0.064)  [0.048]
# Observations 1048 1054 1638 1076 1070
R-squared 0.196 0.101 0.107 0.052 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 BMI Health  Hospital
{z-score} {z-score) (z-score)  Status Visits
Early health shocks -0.122 -0.170 -0.027 -0.251%%  0.254%**
(0.224]  [0.149]  [0.190]  [0.123}  [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 weight(kg): 2-2.5 -0.049 0.007 0.063 -0.069 0.080*
[0.164]  [0.121}  [0.147]  [0.079]  [0.048)
Birth weight (kg)i 2.5-3 0.000 0.075 0.072 -0.046 0.098**
(0.155)  [0.113]  [0.140]  [0.070]  [0.045]
Gender (boy=1) .
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)  10.205]  [0.257]  [0.113)  [0.066]
Mother's age -0.003 0.002 0.007 -0.006 0.005
[0.016} [6.011] [0.016] [0.007)  {0.005}
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
f0.021) [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] {0.063] (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 -{3.168 -0.104 0.014 0.067
{0.209] [0.148) [0.181] [0.104] [0.075}
Rural -0.520%%*  (.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%.

122

&k



—

Table 15: OLS Estimates of the Determinants of Health (Mixed-Gender Sample}

Height Weight BMI Health Hospital
(z-score} (z-score} (z-score}  Status Visits

Early health shocks -0.008 0.017 0.025  -0.374*** 0.283***
(0.199]  [0.191]  [0.189}  [(0.123)  [0.088]
Birth weight(kg): <2 .0.431%* 0185  -0.138  -0.202*  -0.095
[0.204) (0.201)  [0.248]  [0.107]  {0.077]
Birth weight(kg): 2-2.5 -0.435%* -0.063 0.159 -0.067 0.001
[0.179]  [0.144]  [0.160) 10.081] [0.056}
Birth weight (kg): 2.5-3 0252 -0074  0.042 0.021 -0.014
[0.158)  [0.136)  [0.148] [0.073] [0.049]
Gender (boy=1) 0.025 0.070 0.039 -0.036 0.039*
[0.054]  [0.044)  {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] [0.274] {0.286]  [0.236]  [0.124)
# Siblings -0.607* -0.432* -0.049 0.129 -0.021
(0.364] [0.228] [0.208] (0.210] [0.120]
Mother’s age 0.020 -0.006 -.023 0.001 0.002
[0.015} (0.011] {0.015] [0.007] [0.005)

Mother’s education 0.020 0.012 -0.011 -0.013  0.027***
[0.024] 10.019] [0.024} [0.011j [©.009}

Per capital family income 0.050*** 0,034***  0.006 0.035***  -0.025%**
[0.017} [0.012) {0.014] [0.010) 10.006]
Own washing machine 0.470%**  (0.271** 0.075 -0.004 0.048
[0.167]  [0.119]  [0.145]  [0.068]  [0.051]
Own refrigerator 0.234 0.050 -0.165 -0.102 0.100*
' [0.172] [0.135} 10.159] {0.084] [0.060]
Own cell phone -0.005 0.079 0.012 0.082 -0.064
0.165)  [0.122]  [0.144]  [0.077)  [0.054]

Mother working in public sector  -0.063 -0.118 -0.052 0.076 -0.168 -
[0.253)  [(0.260) {0.294]  [0.137]  [0.116]
Rural -0.393**  -0.113 0.220 -0.127* 0.056
{0.155] 10.131] (0.145} [0.072] [0.053)

# Ohservations 702 710 696 718 716

R-squared 0.169 0.074 0.075 0.091 0.117

Source: COTS. 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 16: OLS Estimates of the Determinants of Academic Performance (Whole

Sample)
Literature Mathematics Literature Mathematics
(self-reported) (self-reported) (exam record) (exam record)
Early health shocks -0.201%** -0.268*** -2.319** -3.071%*
[0.065] 10.067) [1.093] [1.299]
Birth welght({kg): <2 -0.127* -0.177%* -1.328 -0.831
[0.069] [0.070] 1.074] (1.318]
Birth weight(kg): 2-2.5 -0.093* -0.125%* -1.171 -0.540
10.053] [0.057) (0.823] [0.995]
Birth weight (kg): 2.5-3 -0.059 -0.055 -1.128 -0.264
[0.051] [0.055] [0.786] {0.934}
Gender (hoy=1) <. 183*%* -0.009 -1.931%** 0.533
0.035] [0.038) [0.534] [0.658]
Age -0.037*** -0.063*** -1.595%** -1.914%**
[0.007 [0.008} [0.127] [0.156]
Birth order -0.188* -0.186 -1.097 -0.979
[0.108] 0.115) (1.938) [2.162]
# Siblings 0.121 0.116 0.770 1.070
[0.099] [0.105] [1.741] [1.955]
Mother's age 0.000 . 0.064 0.072 -0.018
{0.005] [0.005] (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] [0.098) [0.129]
Own washing machine -0.030 -0.107** 1.970%** 1.325
[0.047} [0.049] [0.762] [0.904]
Own refrigerator 0.109** 0.059 1.345* 0.892
- [0.053] [0.056] [0.774] [1.001]
Own cell phone -0.018 0.099* 1.045 2.062**
[0.047) [0.051] [0.710] {0.901]
Mother working in public sector 0.145* 0.242*** 0.452 3.339%+
10.075] [0.084] (0.918] [1.173]
Rural -0.001 0.096* -3.409%%* -2.065**
(0.048] 0.051] [0.705] [0.903)
4t Observations 2862 2850 2724 2686
R-squared 0.078 0.091 0.202 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 §%; ***
significant at 1%.

124



Table 17: OLS Estimates of the Determinants of Academic Performance (Rural

Sample)
Literature Mathematics Literature Mathematics
(sclf-reported)  (self-reported) (exam record) (exam record)
Farly health sheeks -0.222%* -0.231%* -4.180** -3.635*
[0.090] [0.090] [1.914} [1.966)
Birth weight(kg): <2 -0.104 -0.228%* -1.579 -1.161
0.093] [0.096] [1.605) [1.789)
Birth weight(kg}: 2-2.5 -(.091 -0.104 -1.265 -1.208
[0.068] [0.073] (1.142] {1.314]
Birth weight (kg): 2.5-3 -0.024 0.004 -1.222 -1.290
(0.067) [0.072) [1.001) [1.255]
Gender (boy=1} -0.172%** -0.076 -2.422%%* -00.444
0.048] 0.050] {0.803] [0.916]
Age -0.025** _0.035%** 1.273%%* -1.315%**
[0.010] [0.011) (0.196) [0.229)
Birth order -0.203* -(.166 -1.497 -0.633
[0.121} [0.129] [2.119] [2.305]
# Siblings 0.148 0.115 0.688 0.876
0.112] 0.119] (1.879) [2.055]
Mother's age -0.006 -0.004 0.126 -0.105
[0.006] [0.007} [0.124} [0.134]
Mother’s education ' 0.019 0.014 0.428** 0.352
[0.012} [0.012] {0.204] [0.225)
Per capital family income 0.011 0.016 0.131 0.249
(0.011] [0.013§ (0.208) [0.223]
Own waghing machine 0.014 -0.095 3.357TF** 2.692%*
[0.067} {0.059] [1.001] (1.123)
Own refrigerator 0.032 -0.014 2.061 1.173
[0.090] (0.089] (1.263] {1.465]
Own cell phone 0.004 0.154%* 2.078* 4.009%*%*
[0.071] [0.075] [1.203) (1.297]
Mother working in public sector 0.308* 0.450** -0.822 1.870
[0.167) [0.204) [2.705] 3.932]
Rural
## Observations 1518 1514 1422 1410
R-squared 0.043 0.048 0.108 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 18: OLS Estimates of the Determinants of Academic Performance (Urban

Sample)
Literature Mathematics Literature Mathematics
(self-reported) (self-reported) (exam record) (exam record)
Early health shocks -0.367*** -0.321%** -0.704 -2.502
(0.094] [0.096) (1177 [1.627)
Birth weight(kg): <2 -0.154 0.127 -0.989 -0.070
[0.106) (0.104) 11.422) [1.903]
Birth weight(kg): 2-2.5 -0.105 -0.149* -1.010 0.298
[0.084] [0.089] (1.183) [1.500}
Birth weight (kg): 2.5-3 -0.111 -0.133 -0.850 1.028
[0.081] [0.086] [1.129] [1.389)
Gender (boy=1) -(0.192%** 0.072 -1.245* 1.885%*
(0.053] [0.057] (0.675] (0.932]
Age -0.049%** -0.093%** -1.861%** ~2.4TAFHR
0.011) 0.012) [0.165] [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] [5.023]
Mother’s age 0.007 0.017** 0.027 0.088
' [0.007] [0.008] [0.120] [0.158}
Mother’s education 0.034%** 0.051+** 0.552%** 0.418*
0.011) [0,011] [0.147) [0.219]
Per capital family income 0.021** 0.017 0.137 0.314**
‘ [0.010) [0.011] [0.099) [0.154]
Own washing machine -0.075 -0.055 -1.564 -2.161
[0.089] (0.094) (1.137] [1.509)
Own refrigerator 0.133* 0.060 1.346 0.886
[0.089) (0.074] {0.979] [1.351)
Own cell phone -0.020 0.077 0.238 0.681
[0.062] [0.068] [0.864] [1.200]
Mother working in public sector 0.095 0.174* 1.381 4.318%**
[0.086] [0.093] [0.949) {1.240]
Rural
# Observations 1344 1336 1302 1276
R-squared 0.110 0.154 0.263 0.261

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 19: OLS Estimates of the Determinants of Academic Performance (Male

Sample)
Literature Mathematics Literature Mathematics
(self-reported) (self-reported) (exam record) (exam record)
Early health shocks -0.393%** -0.250** -3.814** -3.771*
[0.105) (0.107] [1.842] (1.951)
Birth weight(kg): <2 -0.047 -0.284%* 0.393 -2.499
[0.132) 0.125] (1.573] (1.999]
Birth weight(kg): 2-2.5 -0.164* -0.216** -1.376 -2.035
[0.087) [0.090] (1.220] (1.469]
Birth weight (kg): 2.5-3 -0.096 -0.105 -0.962 11765
[0.085] [0.090] (1.123] (1.356]
Gender (boy=1)
Age -0.038*** -0.054%** .. JL4Ex* -1.087%**
(0.013] [0.014] [0.191] [0.232]
Birth order -0.415%* -0.093 -0.856 -2.059
[0.183] [0.180] [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
[0.009] [0.009] [0.124] [0.149)
Mother’s education 0.022 0.031** 0.565%** 0.349
[0.014] [0.015] [0.210] {0.257]
Per capital family income 0.023* ... . 0.032** 0.006 0.140
[0.013) [0.015] [0.152] [0.173]
Own washing machine -0.093 -0.171* 0.828 0.742
[0.085) [0.087} [1.208] (1.389]
Own refrigerator 0.202** 0.154 1.781 0.840
(0.093] [0.096} [1.308] {1.527]
Own cell phone -0.067 0.004 0.505 -0.261
[0.081] [0.088] (1.193) [1.378)
Mother working in public sector 0.077 0.219 -0.746 4.094**
[0.126) [0.150) [1.635] (2.032]
Rural 0.040 0.063 -4,419%** -4.030%**
[0.081] [0.091] [1.165] {1.332]
# Observations 1054 s 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 20: OLS Estimates of tire Determinants of Academic Performance (Female

Sample)
Literature Mathematics Literature Mathematics
(sclf-reported) (self-reported) (exam record) ({exam record)
Early health shocks -0.292%** -0.366%** -0.140 -2.800
[0.104] [0.111} [1.617] [2.534]
Birth weight(kg): <2 -0.146 -0.153 -3.160* 0.087
[0.111} [0.115] [1.801} [2.284]
Birth weight(kg): 2-2.5 -0.069 -0.158 -2.467* -0.651
[0.098] (0.104] [1.456] [1.896]
Birth weight (kg): 2.5-3 -0.048 -0.108 -2.402* -1.012
[0.096] [0.101} (1.427] (1.812]
Gender (boy=1)
Age -0.050*** -0.07TH** -1.588* %+ -2.240%**
(0.011} [0.013] 10.195] [0.249)
Birth 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
10.157] [0.174] [2.844] (3.005]
Mother’s age ° 0.006 0.007 0.076 0.140
[0.008] [0.009] [0.140] {0.161]
Mother’s education 0.022* 0.041*** 0.295 0.363
[0.012] [0.014} [0.196] 0.201]
Per capital family income 0.028** 0.025** 0.413** 0.676%**
[0.012] [0.012] [0.166] [0.242]
Own washing machine -0.049 -0.120 2.576** 0.847
[0.077) [0.084] 1.293) 1.633]
Own refrigerator ©0.114 -0.022 1.593 0.900
[0.086] [0.094] [1.213] {1.833]
Own cell phone 0.031 0.155* 0.406 3.504**
[0.073] [0.082] [1.116] [1.580]
Mother working in public sector 0.171 0.166 1.878 1.974
(0.115) [0.117] (1.327) {1.767]
Rural 0.037 0.147* -2.168* 0.650
(0.082) [0.086] [1.154] [1.687]
# QObservations 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 Mathematics Literature Mathematics
(self-reported) (self-reported) (exam record) (exam record)
Early health shocks -0.075 -0.200* -1.472 -2.125
(0.122] [0.121] {1.954] (2.392]
Birth weight(kg): <2 -0.193 -0.153 -1.635 -1.480
[0.143] [0.158] [2.529]) [3.127]
Birth weight(kg): 2-2.5 -0.053 0.047 -0.582 0.856
[0.097] [0.110] [1.724] [1.922]
Birth weight (kg): 2.5-3 -0.062 0.049 -1.004 2.308
0.093] [0.106] [1.651] (1.841]
Gender {(boy=1) -0.185%** 0.009 -2.700%** -0.631
{0.048] [0.055] [0.729] |0.860]
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
(0.205} (0.208] [3.423] (5.273)
# Siblings 0.061 0.334* 1.367 -3.822
{0.177] |0.186] [3.198] {4.899]
Mother’s age -0.002 0.002 -0.055 -0.163
[0.008] [0.009} {0.179] [0.200}
Mother’s education 0.042*** 0.032** 0.643*** 0.343
(0.015) [0.015] [0.243} [0.270]
Per capital family income 0.001 -0.006 -0.036 0.050
{0.015] (0.015] [0.186) {0.288]
Own washing machine 0.052 0.012 2.706* 2.675
[0.082] {0.085] (1.503] [1.718)
Qwn refrigerator -0.042 0.047 0.392 '1.037
[0.100] [0.104] [1.645) [1.877)
Own cell phone -0.010 0.166* 2.691* 3.365*
(0.094] [0.080] [1.533] (1.744]
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 -3.101%* -2.602
(0.090] [0.094] [1.391) (1.652]
# Obsgervations 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%.
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Table 22: OLS Estimates of the Determinants of Schooling Performance (Whole

Sampie)
Good Student Awards in Grade Parents Minor actions
Awards Contests  repetition interviewed in class
Early health shocks -0.034 -0.037*+* 0.042%* 0.091+** 0.099*
(0.030) [0.016) [0.020) [0.032) [0.058]
Birth weight{kg): <2 -0.077** -0.020 0.048** 0.028 0.092
[0.034) 0.019] [0.021] (0.028) [0.062]
Birth weight(kg): 2-2.5 -0.036 -0.008 0.006 0.001 0.061
[0.027) [0.016) [0.012) [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) [0.020} 0.049)
Gender (boy=1) -0.078*** -0.015 0.009 0.098%** 0.297***
[0.017] 0.010] [0.009] [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
[0.057] [0.016] [0.025) [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
10.004] {0.002] [0.00g] [0.003) [0.007]
Per capital family income 0.007* 0.007%** -0.001 -0.003 -0.001
[0.004] [0.003] 10.002] 10.003] [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] {0.015] [0.014] [0.021} [0.048)
Own cell phone 0.045* 0.019 0.007 0.004 -0.012
10.025] [0.014] [0.012] [0.019] (0.043}
Mother working in public sector 0.089** 0.084** 0.000 -0.029 -0.090
[0.043] [0.036) {0.018] [0.034] [0.065}
Rural -0.059** -0.033 %%+ 0.020 -0.092%** 0.057
[0.024] [0.012] [0.013) [0.020} [0.043]
# Observations 2922 2922 2922 2918 2890
R-squared 0.112 0.096 0.035 0.052 0.053

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 23: OLS Estimates of the Determinants of Schooling Performance (Rural

Sample)
Good Student Awards in Grade Parents Minor actions
Awards Contests  repetition  interviewed in class
Early health shocks -0.024 -0.018 0.058* 0.036 0.212%%
[0.035] [0.012] [0.034) [0.041] [0.085}
Birth weight(kg): <2 -0.083** -0.007 0.062* 0.029 0.107
[0.042) 10.019] 10.032] [0.034) {0.081]
Birth weight(kg): 2-2.5 -(.038 -0.015 0.014 0.003 0.094
[0.033] [0.015] 10.018] [0.023] [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) [0.062]
Gender (boy=1) -0.095*** -0.019%* 0.003 0.075%** 0.321%%*
(0.021] (0.009) 0.014] (0.016) 0.045]
Age 0.026*** 0.006***  0.015*** 0.001 -0.024**
[0.005] [0.002] (0.003] [0.004] [0.010]
Birth order -0.036 0.016 0.038 0.034 0.071
{0.057) [0.012] [0.027} (0.026} {0.099]
## Siblings 0.011 -0.016 -0.024 -0.063** -0.173%*
[0.052} (0.012} [0.022] [0.026} {0.085]
Mother’s age 0.000 0.001 0.001 -0.002 0.003
[0.003] 0.001} [0.002) [0.002] [0.006)
Mother’s education 0.006 0.000 -0.002 0.004 0.003
[0.005) 0.002] [0.003] [0.003] 0.011)
Per capital family income 0.001 0.005 -0.002 -0.007** -0.006
10.006] (0.003] (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} (0.053]
Own refrigerator -0.029 0.021 0.019 0.004 0.033
[0.041] (0.019] [0.026] {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) [0.065]
Mother working in public sector 0.259%** 0.077 -0.051 0.024 -0.256*
' [0.094} [0.074] [0.042] [0.084] [0.131}
Rural
# Observations 1546 1546 1546 s 1542 1532
R-squared 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 housebold level, are in brackets; * significant at 10%; ** significant at 5%; bt
significant at 1%.
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Table 24: OLS Estimates of the Determinants of Schooling Performance (Urban

Sample)
Good Student Awardsin  Grade ~ Parents  Minor actions
Awards Contests  repetition interviewed in class
Early health shocks -0.053 -0.054* 0.031 0.138%** -0.006
| [0.046] [0.029] 0.021) " [0.048] (0.080]
Birth weight(kg): <2 -0.070 -0.028 0.0356 0.019 0.065
|0.053} [0.034] [0.026) {0.048] [0.098]
Birth weight(kg): 2-2.5 -0.028 -0.003 -0.001 0.004 0.0i6
0.045] [0.030) [0.016] (0.039] [0.084]
Birth weight (kg): 2.5-3 -0.018 0.024 -0.001 0.023 0.041
[0.045) 0.031) (0.016] (0.037) [0.081)
Gender (boy=1) -0.063** -0.013 0.018%  0.123*** 0.271%**
(0.028] [0.020} [0.010) [0.024] [0.048)
Age 0.038*** 0.011%** 0.005** 0.001 -0.008
[0.006) [0.004]  [0.002] [0.005) [0.010)
Birth order -0.255 -0.002 0.024 -0.433F** -0.019
[0.172] [0.069)  [0.067) [0.145] (0.275]
4 Siblings 0.248 -0.012 0.006 0.320%* 0.046
{0.160] [0.063] 0.058} [0.136] [0.243)
Mother's age -0.001 0.004* 0.000 -0.002 -0.004
[0.004 0002  40.002) (0.003] [0.007]
Mother's education 0.015%** 0.010***  .0.005** -0.003 -0.017*
[0.005] [0.003] {0.002] {0.005) [0.010}
Per capital family income 0.012%* 0.000** 0.001 0.000 0.003
{0.006} [0.004] [0.002) [0.004] {0.008]
Own 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
(0.034] [0.022] [0.016) (0.032] (0.063]
Own cell phone -0.002 0.021 -0.011 -0.008 -0.011
(0.033) 0.021) 0.013] [0.028] (0.057)
Mother working in public sector 0.055 0.064 0.018 -0.024 -0.043
[0.049] [0.042] 10.019) [0.038] [0.074]
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%; ***
significant at 1%.
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Table 25: OLS 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 -0.016 -0.042 0.045 0.175%** 0.152*
[0.044} [0.026] {0.032] {0.057) [0.084}
Birth weight(kg): <2 -0.168*** -0.035 0.019 -0.030 0.109
{0.051] (0.034] (0.039] [0.052} [0.106]
Birth weight(kg): 2-2.5 -0.040 -0.001 -0.018 0.043 0.136
[0.041] [0.026] [0.023] [0.039] [0.084}
Birth weight (kg): 2.5-3 -0.049 0.008 -0.003 0.032 0.123
{0.040] [0.025] (0.025] (0.0386) [0.081]
Gender (boy=1)
Age 0.031*** 0.013***  0.010*** 0.003 -0.016
(0.006] (0.004] (0.003] (0.008] [0.013]
Birth order -0.057 0.032 0.071** 0.012 0.054
[0.098] 10.022] 10.030] [0.061] (0.192]
# Siblings 0.059 -0.026 -0.068%** -0.058 -0.046
(0.090] (0.017] [0.016] [0.055] {0.171]
Mother’s age 0.001 0.002 0.000 0.002 -0.004
[0.004} {0.002] 10.002] {0.004] [0.008)
Mother's education -0.001 0.003 -0.007** -0.002 -0.012
- (0.005] [0.004) [0.004) [0.006) [0.013]
Per capital family income 0.013** 0.006 0.000 -0.006 0.006
[0.006] [0.004] (0.003] (0.005] 10.010}
'Own washing machine -0.004 0.008 -0.014 -0.039 0.146*
[0.034] [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] [0.040] [0.088]
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] (0.041] [0.071] (0.108]
Rural -0.130%%* -0.043** 0.011 -0.119%%* 0.051
[0.039) [0.018} (0.024} [0.037 [0.077]
# Observations 1082 1082 1082 1082 1064
R-squared 0.119 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%.
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Table 26: OLS Estimates of the Determinants of Schooling Performance (Female

Sample)
Good Student Awards in Grade Parents Minor actions
Awards Contests  repetition interviewed in class
" Early health shocks -0.035 -0.017 0.054 0.017 0.043
10.056] [0.033] (0.035) [0.045] (0.109]
Birth weight{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 0010 . -0.006 0.111
[0.053] 0.032) 0.021] [0.030] [0.085]
Birth weight (kg): 2.5-3 0.021 0.014 «(.003 -0.023 0.148*
0.051) [0.033] (0.020} [0.027] (0.086)
Gender (boy=1)
Age 0.02g*** 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 ¢.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
10.004} (0.003) [0.002] (0.002] [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*
[6.008] (0.006] [0.003} [0.005) [0.011]
Own washing machine -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
[0.043] [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 public sector 0.113 0.106* -0.010 -0.058* -0.044
(0.069] [0.057) [0.015] 10.031) [0.097)
Rural -0.021 -0.021 0.047** -0.107*** 0.076
[0.041) [0.022] {0.020) [0.029] {0.068]
# QObservations 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
.~ - -~ (Mixed-Gender Sample)

!

! Good Student Awards in Grade Parents Minor actions
Awards Contests  repetition interviewed in class
Farly health shocks -0.060 -0.046*** 0.020 0.016 0.056
[0.058] [0.016) [0.030] (0.055] [0.115)
Birth weight(kg): <2 -0.093 -0.028 0.051 0.024 -0.018
(0.068) [0.030] (0.044) [0.062] (0.130]
Birth weight(kg): 2-2.5 -0.089* -0.011 0.038* -0.055 -0.080
[0.052) (0.023] {0.021) [0.038] 0.091]
Birth weight (kg): 2.5-3 -0.041 -0.010 0.016 0.000 0.003
[0.050] (0.023) [0.016) (0.036) [0h8s)
Gender (hoy=1) L0.089*** -0.034** 0.007 0.084%** 0.206***
(0.027] [0.014] (0.015] [0.022) [0.046]
Age 0.036*** 0.009%* 0.011%** -0.009 -0.012
0.007) [0.004] 10.003] [0.0086) (0.013]
Birth 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
[0.003)] [0.002) (0.002] {0.003)] (0.007]
Mother’s education 0.015%* 0.002 -(.002 0.006 -0.012
[0.007] [0.004] [0.004) [0.005) 0.014]
Per capital family income -0.002 0.007 -0.001 0.001 0.006
[0.007] [0.005] [0.002} (0.004] {0.013]
Ovwn washing’machine 0.018 0.005 -0.025 0.008 -0.055
[0.037) [0.019) [0.019) [0.033) [0.078)
Own refrigerator 0.014 0.055** -0.018 0.044 -0.043
[0.052] [0.028] [0.024] (0.039] [0.090]
Ovm cell phone 0.055 -0.014 -0.017 -0.004 -0.031
[0.048] [0.025] [0.019] [0.039) (0.076]
Mother working in public sector 0.080 0.015 -0.002 -0.026 -0.198
[0.106] [0.085} [0.036) [0.083] (0.154]
Rural -0.009 -0.032 -0.013 -0.052 0.045
[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  Expenditure Work  Expenditure
Early health shock (only one child)  -0.044 -140.393* 0.046* -4.554
0.078] [79.028] [0.027)  [65.095|
Early health shock (both children) -0.008 -28.158 -0.052** -56.055
[0.025] (98.141} 10.024] {75.3601
Age -0.003 -17.651%* -0.001 -13.791**
[0.003] [6.981) [0.002] (6.915]
Mother's education -0.007%%  31.667*** -0.004 41.077*%*
[0.004] [9.263] [0.004] [11.259]
Per capital family income 0.001 108.823*** -0.003 B8.422%**
[0.004] {19.523] [0.004] [17.171]
Rural 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 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 35: OLS Estimates of the Early Health Shocks on Parental Labor Supply and
Expenditure {Rural Sample)

Father Mother
Work Expenditure Work Expenditure
Farly health shock (only one child) 0.004 -133.164* 0.006 -12.947
[0.050 [70.516} {0.040} [46.779]
Early health shock (both children)  -0.028 -75.429 -0.040 -82.095
[0.041] (81.705] {0.036] [69.365)
Age -0.004 -6.158 -0.001 -18.439
[0.004] (8.727] [0.003] (16.410}
Mother’s education -0.005  43.075***  -0.001 46.589*
(0.005]  [14.811]  [0.004]  [24.519]
Per capital family income 0.003  97.484*** 0.003 = 79.979**
[0.004] [27.488] {0.004] |33.518]
Rural
# Observations 646 757 608 763
R-squared 0.004 0.206 0.002 0.109

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 36: OLS Estimates of the Early Health Shocks on Parental Labor Supply and
Expenditure (Urban Sample)

Father Mother
Work Expenditure  Work  Expenditure
Early health shock {only one child) -0.089 -140.071 0.087*** -5.265
[0.146)  [128.382)  [(0.033]  (109.298]

Early health shock (both children)  0.013 12.607 -0.059* -33.029
[0.020)] [173.687)  [0.033]  [123.667]
Age -0.003 -28.756%** -{.001 -9.698
0.004]  110.921] (0.004] (6.043]
Mother’s education -0.009* 21.804* -0.007 37.745%*%*
[0.005]  [11.882]  [0.006] [9.074]
Per capital family income 0.001  115.218%** -0.005 93.231%**
0.005]  [26.280]  {0.005]  [19.620]
Rural
# 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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Table 37: OLS Estimates of the Early Health Shocks on Parental Labor Supply and
Expenditure (Male Sample)

Father Mother
Work Expenditure Work Expenditure
Early health shock (only one child)  0.005 33.393 0.072* 74.990
(0.045]  [134.580]  [0.039]  [116.180]
Early health shock (both children) -0.027 -112.350 -0.035 37.919
|0.041] [106.573) 10.030} [119.717)
Age -0.006  -25.475%** 0.001 -9.872
[0.006] [9.320] (0.005) [6.252}
Mother's education -0.002 14.344 -0.004 27.496%*
{0.007] [11.816] [0.008} (11.486]
Per capital family income 0.000  112.468*** -0.007  86.125***
[0.008] [32.602} [0.007) {28.153]
Rural 0.061 -138.062** 0.059  -93.551***
|0.043] {57.227 {0.044] [27.363]
# Observations 417 524 386 536
R-squared 0.017 0.218 0.051 0.332

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%. Parcnts 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  Expenditure  Work  Expenditure
Early health shock (only oune child) -0.122  -379.628***  .0.011 -106.805

(0.217)  [99.651]  [0.048]  [101.787)
Early health shock (both children)  -0.010 18.052 -0.113*%*%  -184.288***

[0.055)  (184.022]  [0.056]  [61.327]
Age -0.003 -14.235 -0.002 -22.942

0.004)  [12.585]  [0.003]  [15.588)
Mother's edueation -0.009*  42.860*** -0.006 56.842%**

. (0.005]  {15.952)  [0.005]  [20.803)

Per eapital family income 0.005 109.204***  0.006*  122.770***

0004  [31.324]  [0.004)  [37.732]
Rural 0.057** -59.049 0.040* 131.364

(0.023]  [104.305]  [0.024]  [158.482|
# Observations 452 545 405 553
R-squared 0.033 0.187 0.025 (:.182

Source: CCTS. Notes: Each cohunn comes from a separate regression. Robust standard errors,
clustered at the houschold level, are in brackets; * significant at 10%; ** significant at 5%; ***
significant at 1%. Parents home tutor is ineasured 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 Expenditure Work Expenditure
“Early health shock (only one child) -0.024  -104.099 0.072 -12.351
0.095]  [161.995]  (0.046]  {58.623)
Early health shock (both children)  0.042 173.699 -0.022 50.398
[0.050] (281.145] [0.054] (119.871]
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***
(0.004)  [36.301]  [0.005]  [12.474]
Rural -0.017  -295.028***  0.027 -163.858***
[0.038] (79.320] [0.031] (33.161]
# Observations 294 354 257 363
R-squared 0.013 0.232 0.018 0.350

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors,
clustered at the houschold 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 46: Within-Twin-Pair FE Estimates of the Determinants of Family
Investments (Whole Sample)

Health Education Clothing Parents home

_ tuter

Early health shocks 1.351*%* (. 204*** -0.058 -1.493
[0.314] (0.073] [0.042} [1.263}

Birth weight(kg): <2 0.521** -0.015 0.006 0.255
10.210) [0.047] [0.036] [1.411]

Birth weight(kg): 2-2.5  0.468%** 0.016 0.027 0.257
[0.163] {0.026] [0.030] [1.194]

Birth weight (kg): 2.5-3 0.421*%** -0.013 -0.004 -0.319
{0.149} [0.023] (0.020] {0.993]

Gender (boy=1} 0.086 -0.024 -0.028 0.235
10.093] [0.021} [0.017] [0.779)

# 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  Education Clothing Parents home

tutor
Early health shocks 1.523%*+ -0.058 -0.120 -2.041
[0.538]  [0.069]  [0.092] (1.966)
Birth weight(kg): <2 0.483* 0.076 0.015 -0.753
[0.272)  [0.048)  [0.040] [1.976]

Birth weight(kg): 2-2.5  0.572%** 0.028 0.004 0.364
[0.196]  [0.020]  [0.040] [1.478]
Birth weight (kg): 2.5-3 0.488*** -0.004 -0.024 -0.225
(0.170,  [0.008]  [0.023] [1.090]

Gender (boy=1) 0.139 -0.008 -0.018 0.113
0.122)  [0.013]  [0.011) [0.863)

# Observations 773 773 773 764
R-squared 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 48: Within-Twin-Pair FE Estimates of the Determinants of Family
Investments (Urban Sample)

Health Education Clothing Parents home

tutor
Early health shocks 1.149%**  _0.328***  -0.018 -0.962
[0.374] [0.116] [0.021] [1.678]

Birth weight{kg): <2 0.548 -0.107 0.008 1.155
(0.342] 10.086] [0.062) [2.153]

Birth weight{kg): 2-2.5 0.344 0.001 0.060 0.100
[0.286] [0.057) [0.045] 12.030]
Birth weight (kg): 2.5-3  0.339 -0.025 0.030 -0.473
[0.271] [0.057] 10.034) [1.838]

Gender (boy=1) -0.006 -0.046 -0.042 0.392
[0.145] [0.049] [0.039] [1.434]

#£ 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 Education Clothing Parents home

tutor
Farly health shocks 1.085**  -0.171** -0.108 -2.393
[0.426] (0.074) [0.091} (2.565]
Birth weight(kg): <2 0.561 0.059 0.002 0.455
(0.348] (0.066) [0.046] [2.712)
Birth weight(kg): 2-2.5 0.269 0.011 0.008 1.115
(0.240] [0.029] (0.054) [2.332]
Birth weight (kg): 2.5-3  0.094  -0.020  -0.044 0.548
[0.226)  [0.013]  [0.037) [1.905)
Gender (boy=1)
# Observations 541 541 541 539
R-squared 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 ¥amily
Investments {Female Sample)

Health Education Clothing Parents home

tutor
Early health shocks 2.080%**  -0.410** -0.028 0.868
[0.708] [0.188} [0.030] [0.628)
Birth weight(kg): <2 0.277 0.019 0.019 1.018
[0.374] [0.097] [0.079] [1.954]
Birth weight(kg}: 2-2.5 0.291 0.114* 0.056 2117
[0.319] (0.060] [0.059] [1.535]
Birth weight (kg); 2.5-3 0.393 0.053 0.031 2.172*
{0.293] [0.057} [0.045] {1.161]
Gender (boy=1)
# Observations 560 260 860 556
[R-squared 0.045 0.051 0.004 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%. 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  Education Clothing Parents home

tutor
Early health shocks 0.824** -0.006 -0.024 -2.695
[0.332] [0.053] [0.032] {2.333]
Birth weight{kg): <2 0.664* -0.076* 0.012 1.120
[0.391] (0.046) [0.033] [2.455)
Birth weight(kg): 2-2.5 0.834%** -0.066 0.024 -2.232
[0.311] [0.042] j0.025) {2.081]
Birth weight (kg): 2.5-3 0.768%** -0.064 0.000 -3.675%*
[0.264] [0.043] [0.016] [1.809}
Gender (boy=1) 0.111 -0.032 -0.029 0.184
(0.091] (0.022] [0.018] (0.784]
# Obsecrvations 360 360 360 356
R-squared 0.038 0.009 0.010 0.019

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard crrors 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 52: Within-Twin-Pair FE Estimates of the Determinants of Health (Whole
Sample)

Height Weight BMI Health Hospital

{z-score}  (z-score) (z-score) Status Visits

Early health shocks -0.005 -0.270** -0.204%  -0.449***  (.163***
0.102) 0115 [0.121] {0111 {0.051)
Birth weight(kg): <2 -0.380%**  _(.524%*%* .0 367H** -0.078 0.030
0.087,  [0.080}  [0.095]  [0.055]  [0.041]

Birth weight(kg): 2-2.5 -0.320%** -0.323***  -0.141*  -0.081*  0.080**
10.074] [0.065} 10.081) |0.044) [0.036]

Birth weight (kg): 2.5-3 -0.228%** .0.207***  -0.054 -0.037 0.046
[0.065]  [0.054]  [0.068]  [0.037]  [0.032]
Gender (boy=1) 0.027 0.058 0.031 0.032  0.047**
[0.052]  (0.041]  [0.052]  [0.026]  [0.020]
# Observations 1423 1435 1411 1455 1451
R-squared 0.021 0.048 0.021 0.047 0.019

Source: CCTS. Notes: Each columnn comes from a separate regression. Robust standard 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 Weight BMI Health  Hospital
(z-score)  (z-score)  (z-score) Status Visits
Early health shocks -0.114  -0.494%%*  .(.418%** -0.522%**  0.085
0.165]  [0.154]  [0.121]  [0.164]  [0.060]
Birth weight(kg): <2 -0.393%%*  _0.433***  -0.226* -0.141* 0.028
0.133)  [0.108)  [0.126]  [0.084]  [0.050]

Birth weight(kg): 2-2.5 -0.379%** -0.228*** 0.043 -0.105*  Q.107***
(0.108] {0.089] {0.105} [0.060} [0.037]
Birth weight (kg): 2.5-3 -0.219**  -0,158** 0.048 -0.024 0.060*
[0083]  {0.066]  [0.086]  [0.046]  (0.033]
Gender (boy=1) 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 0.0565 0.020

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 54: Within-Twin-Pair FE Estimates of the Determinants of Health {Urban

Sample)
Height Weight BMI Health Hospital
(2-score)  (z-score}  (z-score) Status Visits
Early health shocks 0.079 -0.091 -0.040  -0.409%F*F  0.221%**
[0.127] [0.158] [0.184] [0.151] [0.076]

Birth weight(kg): <2 -0.383%%*F  _0.640%** -0.548***  -0.015 0.024
0,107 [0.121]  [0.143]  [0.071]  [0.073]

Birth weight(kg): 2-2.56  -0.282***% .0.445%** -0.368%** -0.059 0.043
[0.094] (0.108} [0.124] [0.067) 10.068]

Birth weight (kg): 2.5-3  -0.232%**  -0.273%**  -0.188* -0.048 0.026 «
0.084)  [0.092]  [0.106]  [0.061]  [0.062]

Gendier {(bouy=-1) -0.002 0.023 -0.057 -0.032 0.058*
|0.075] [0.084] [0.087] (0.033] [0.033]

# Observations 683 680 666 682 G680

R-syuared 0.019 0.058 0.032 0.016 0.023

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are
in brackets; * gignificant. at 10%; ** significant at 5%; *** significant at 1%.

Table 55: Within-Twin-Pair FE Estimates of the Determinants of Health (Male
Sample)

Height Weight BMI Health  Hospital
(z-score)  (z-score) (z-score)  Status Visits

Early health shocks 0.038 -0.073 0.102 - -0.441*%* 0.205**
[.100]  {0.186]  [0.157]  [0.186]  {0.084)
Birth weight(kg): <2 -0.449***  .0.473%**  -0.256* -0.042 0.045
0114  [0127)  [0.152]  [0.083]  [0.078]
Birth weight(kg): 2-2.5 -0.332%%* .0.360*** _0.168  -0.034  0.056

[0.103] [0.119] 10.141] [0.068] [0.063]
Birth weight (kg): 2.5-3  -0.210**  -0.143* -0.019 0.013 0.034
[0.087] |0.080} 10.111] 10.050] 10.058]
Gender (boy=1)
# Observations 524 527 519 538 535
R-squared 0.039 0.048 0.015 0.057 0.018

Source: CCTS. Notes: BEach 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 56: Within-Twin-Pair FE Estimates of the Determinants of Health (Female

Sample)
h Height  Weight BMI Health Hospital
(z-score) (z-score)  (z-score)  Status Visits
“Early health shocks 0.107  -0.251%%  -0.355** .0.327* 0.115
10.154] [0.122] 10.159] [0.191]  {0.081]
Birth weight(kg): <2 -0.071  -0.525%**  .0.571***  .0.085 0.049
(0.098] {0.110] |0.127] |0.078]  [0.065]
Birth weight{kg): 2-2.5 -0.065  -0.297*** .0.304*** -0.072  0.099*
{0.073) (0.086] [0.101] [0.059]  ]0.059}
Birth weight (kg): 2.5-3  -0.066  -0.226*** -0.200** -0.031 0.054
(0.056) 10.077) [0.087] [0.047]  [0.051]
Gender (boy=1)
# Observations 548 553 544 968 558
R-squared 0.002 0.056 0.054 0.027 0.014

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard crrors 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 BMI Health  Hospital

(z-score)  (z-score) (z-score)  Status Visits
Early health shocks -0.303 -0.641*+* -0.497  -0.641*** 0.152
{0.315]  (0.262]  [0.312)  [0.172]  [0.104]
Birth weight(kg): <2  -0.689*** .0.613*** .0.310  -0.110  -0.015

[0.230)  [0.179]  [0.215]  ([0.122]  [0.072]
Birth weight(kg): 2-2.5 -0.617*** -0.344** 0027  -0.161*  0.080
(0.180]  [0.134]  [0.166]  [0.097)  [0.065]

Birth weight (kg): 2.5-3  -0.376*%*  -0.254** 0.037 -0.094 0.055
[0.156) [0.111] [0.137] (0.085) [0.055}
Gender (boy=1) 0.019 0.061 0.040 -0.031 0.046**
(0.053) [0.041] 10.052] {0.026) [0.020]
# Ohservations 361 355 348 359 358
R-squared 0.047 0.064 0.024 0.068 0.032

Source: CCTS. Notes: Each column comes from a separate regression. Robust standard errors are
in brackets; * significant at 10%; ** significaut at 5%; *** significant at 1%.
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Table 58: Within-Twin-Pair FE Estimates of the Determinants of Academic
Performance (Whole Sample)

Literature Mathematics Literature Mathermatics
{self-reported) (self-reported) {(exam record) {¢xam record)
Early health shocks -0.345** -(.529*** -5.158%** -5.384**
|0.150] [0.147} (1.659) (2.659]
Birth weight(kg): <2 -0.184* -0.182 -2.335% -2.454
(0.102) [0.114] [1.380] [1.653]
Birth weight(kyg): 2-2.5 -0.081 -0.038 -1.281 -0.395
[0.075) 10.090] [1.142} [1.329]
Birth weight (kg): 2.5-3 -0.050 0.011 -1.155 -0.151
[0.065) |0.075] [0.961] [1.136)
Gender (hoy=1) -0.179*** 0.014 -2.659%** -0.633
[0.047] (0.054] (0.713] [0.843)
# Observations 1431 1425 1362 1343
R-squared 0.022 0.017 0.022 0.009

Source: CCTS. Notes: Each column comes from a scparate regression. Robust standard errors are
in brackets; * significant at 10%,; ** significant at 5%; *** significant at 1%.

Table 59: Within-Twin-Pair FE Estimates of the Determinants of Academic
Performance (Rural Sample)

Literature Mathematics Literature Mathematics

(sclf-reported) (self-reported) (exam record} (exam record)
Early health shocks -0.186 -0.598*%+* -5.441%* -2.604
10.160] |0.168] [2.572] {2.666}
Birth weight(kg): <2 -0.107 -0.255 -3.175 -2.489
[0.148) [0.157] [2.041] [2.247]
Birth weight(kg): 2-2.5 -0.012 -0.012 -2.361 -0.543
[0.090] [0.112) [1.626] {1.865]
Birth weight (kg): 2.5-3 0.023 0.120 -2.244 -1.317
(0.068) [0.082] [1.385] [1.597]
Gender (boy=1) -0.178*** -0.096 -3.231%** -2.027*
{0.062] [0.066} [1.039} {1.161}

# Observations 759 757 711 705

R-squared 0.017 0.034 0.027 0.009

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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Tuble 60: Within-Twin-Pair FE Estimates of the Determinants of Academic
Performance (Urban Sample)

Literature Mathematics Literature Mathematics

(self-reported) (self-reported) (exam record) (exam record)
Early health shocks -0.511%* -0.510%* -4.632%* -7.330%
[0.236] [0.227) [2.214] |4.279]
Rirth weight{kg): <2 -0.289* -0.166 -1.123 ) -2,135
10.152] [0.172] 1.797) [2.384]
Birth weight(kg): 2-2.5 -0.181 -0.116 0.221 0.127
[0.134] [0.151] (1.511) (1.822]
Birth weight (kg): 2.5-3 -0.154 -0.151 0.291 1.250
0.125] [0.140} [1.235] [1.540)
Gender {(hoy=1) -0.180** 0.173%* -1.893** 1.203
0.074) {0.088) (0.914) 11.213]

# Observations 672 668 631 638

R-squared 0.036 0.022 0.018 0.024

Source: CCTS. Notes: Each columnn comes from a separate regression, Robust standard errors are
in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%.

Table 61: Within-Twin-Pair FE Estirnates of the Determinants of Academic
Performance (Male Sample)

Literature Mathematics Literature Mathematics
(self-reported) (sclf-reported) {exam record) (exam record)
Eurly health shocks -0.401* -0.653%** -5.630** -6.272%
(0.242] [0.229) (2.527) 3.718)
Birth weight(kg): <2 -0.163 -0.069 0.985 -3.225
[0-181] 0.191] 2.342] |2.431]
Birth weight(kg): 2-2.5 -0.201* -0.096 -1.438 -2.844
10.118] [0.145] |1.736) (1.916]
Birth weight (kg): 2.5-3  -0.194% -0.079 -1.846 -3.046**
111 4 (0.128] 1.292] (1.336]
Gender (boy=1}
4 Ohservations 527 523 507 500
R-squared 0.018 0.022 0.019 0.015

Source: COTS. Notes: Each column comes from a separate regression. Robust standard errors are
in brackets; * significant at 10%; ** significant at 5%; *** significant at 1%.

162



Table 62: Within-Twin-Pair FE Estimates of the Determinants of Academic
Performance (Female Sample)

Literature Mathematics Literature Mathematics
(self-reported) (self-reported) {exam record) (cxam record)
Early health shocks -0.461% -0.457* -2.020 -3.776
(0.241] [0.270] (1.940} [5.815)
Birth weight{kg): <2 -0.213 -0.014 -4.843* -0.483
[0.147) (0.169] 2.531] (2.988]
Birth weight{kg): 2-2.5 -0.085 0.068 -2.808 0.156
(0.108) [0.134] [2.351] (2.542|
Birth weight (kg): 2.5-3 -0.097 0.064 -2.142 -0.948
[0.090) 0.114] (2.194] [2.331)
Gender (boy=1)
## 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 Mathematics Literature Mathematics

(sclf-reported) (self-reported) (exam record) (exam record)
Early health shocks -0.133 -0.470* -8.104** -6.843
{0.292] (0.247] [3.773] (4.354]
Birth weight(kg): <2 -0.204 -0.586** -3.897 -5.630*
[0.206] (0.230) |2.411] [3.041]
Birth weight(kg): 2-2.5 0.061 -0.071 0.448 1.866
[0.163) [0.189] 2.007] [2.524]
Birth weight (kg): 2.5-3 0.136 0.067 0.340 3.632*
[0.126] [0.144) (1.476) [2.150]
Gender (boy=1) -0.180%** .00 -2.632%** -0.632
[0.047) {0.055] [0.723] (0.843}

# Observations 353 353 336 332

R-squared 0.055 0.046 0.067 0.048

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 64: Within-Twin-Pair FE Estimates of the Determinants of Schooling
Performance (Whole Sample)

Good Student Awards in Grade Parents Minor actions
Awards Contests  repetition interviewed in class
Early health shocks -0.185%** -0.087*F  0.108*** 0.100* 0.279**
[0.069] 10.039] (0.042] [0.061} |0.131}
Birth weight(kg): <2 -0.070 0.017 -0.010 0.033 -0.002
[0.050} [0.029} [0.026) [0.040] [0.087]
Birth weight(kg): 2-2.5 -0.034 0.018 -0.014 0.030 -0.079
(0.041] [0.027] (0.022] 10.030] [0.067]
Birth weight (kg): 2.5-3 -0.016 0.011 -0.008 0.035 0.040
[0.037] (0.024] [0.019] [0.027] [0.056]
Gender (boy=1) -0.08¢*** -0.031*%* 0.003 0.083*%** 0.293***
(0.027] [0.014] (0.014] [0.021] 10.045]
# Observations 1461 1461 1461 1459 1445
R-squared 0.019 0.010 0.010 0.019 0.050

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 65: Within-Twin-Pair FE Estimates of the Determinants of Schooling
Performance (Rural Sample)

Good Student Awards in Grade Parcnts Minor actions
Awards Contests  repetition interviewed in class
Early health shocks -0.096 0.006 0.083 -0.039 0.396*
[0.086) [0.006] [0.055) [0.042) [0.233]
Birth weight(kg): <2 -0.131** 0.003 -0.024 -0.003 0.015
{0.060) [0.028] 0.043) [0.042] [0.123]
Birth weight(kg): 2-2.5 -0.099** 0.006 -0.014 0.032 -0.054
[0.046] (0.022) (0.034] (0.032) [0.086)
Birth weight (kg): 2.5-3 -0.082%* 0.006 0.004 0.050*%* 0.084
[0.037) [0.022] [0.029] {0.025) [0.067}
Gender (boy=1) 0.110%** 0.028** 0.002 0.041* 0.377***
(0.033] [0.013) j0.021] [0.024] (0.061]
4 Observations 773 773 773 771 766
R-squarad 0.028 0.007 0.006 0.011 0.084

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 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
Early health shocks -0.236** -0.163** 0.125%** 0.197%* 0.169
[0.105] [0.068] [0.062] (0.100} [0.143]
Birth weight{kg): <2 0.016 0.037 0.000 0.057 -0.021
[0.086] [0.058] [0.026] [0.072] 10.127]
Birth weight(kg): 2-2.5 0.059 0.036 -0.019 0.018 -0.112
[0.075] [0.055} (0.022] {0.058) (0.108]
Birth weight (kg): 2.5-3 0.071 0.019 -0.025 0.011 -0.010
_ [0.071] 0.049) 0.020) (0.055} (0.095]
Gender (boy=:1) -0.054 -0.036 0.004 0.144*** 0.174%**
[0.045] [0.028] [0.018] {0.037) 10.066}
# Observations 688 688 688 688 679
R-squared 0.019 0.017 0.023 0.047 0.021

Source: COTS. 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 Cantests  repetition interviewed in class
Early health shocks -0.252%* -0.131* 0.127* 0.045 0.203
|0.103] (0.068) [0.068] [0.108] [0.182}
Birth weight{kg): <2 -0.179** 0.043 -0.040 0.082 0.060
{0.081] (0.047) (0.049) {0.061] (0.145)
Birth weight(kg): 2-2.5 -0.118* 0.042 -0.019 0.082 -0.098
[0.061) 0.043] (0.037) [0.052] [0.093]
Birth weight (kg): 2.5-3 -0.123** 0.013 -0.014 0.074 0.033
(0.060] [0.038] [0.039) [0.047) (0.072)
Gender (boy=1)
# 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 Student  Awards in Grade Parents Minor actions
Awards Contests  repetition interviewed in class
Early health shocks -(0.223* -0.054 0.109 0.111 0.282
(0.129] [0.056) [0.074] (0.075] (0.207)
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 weight(kg): 2-2.5 0.055 -0.007 -0.044 -0.001 -0.103
[0.064} [0.046] (0.044] [0.043] [0.107]
Rirth weight {kg): 2.5-3 0.035 -0.001 -0.038 0.004 0.024
[0.055] |0.038] (0.039] 10.039] [0.082]
Gender (boy=1})
# Observations 560 560 560 559 554
R-squared 0.012 0.002 0.016 0.006 0.013

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 69: Within-Twin-Pair FE Estimates of the Determinants of Schooling
Performance (Mixed-Gender Sample)

Good Student Awardsin  Grade Parents Minor actions
Awards Coutests repetition interviewed in class
Farly health shocks -0.052 -0.055 0.074 0.181 0.437
[0.124) [0.075] [0.075) (0.119] 18:333)
Birth weight(kg): <2 -0.034 0.010 0.022 -0.002 0.063
[0.114} (0.060] (0.055} [0.091] [0.182)
Birth weight(kg): 2-2.5 -0.037 0.022 0.018 0.012 -0.005
[0.086] [0.050] (0.035] (0.061} [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] (0.126]
Gender (boy=1) -0.086*** -0.031** 0.005 0.080*** 0.291%*+*
[0.028] - [0.014] [0.015) (0.022] (0.046]
# Observations 360 360 360 359 359
R-squared 0.035 0.018 0.004 0.049 0.118

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%.

166



%1 Ve JURIGIUDLS ., 134G I8 JTCIGIUBS

e ‘40T T2 JTROQTESIS , ‘S19YOeIq U] 3l SIOLID PIEpUR]S ISNQOY 'UOIsse13a1 jeredss € TIOIj SAUI00 MUIN0O GUBY :S3I0N ‘LD :30TMOg

9200 ¢100 Zz00 £200 2€0°0 8100 porenbs-y
CCHT 19%1 T9%T 1991 1991 19%1 suonealasqQ #
(800°0] [910°0] [€10°0] [0z00] l9100]  {cT10°0]
0100 900°0- 1200 +x4P20'0 4446800 0000 (1=40q) 12pu=n
£10°0) [zz00) [ST10°0) (820°0] [ezo0o] {61070}
1100 110°0- L10°0 cz0'0- 000°0 6000  £-9Z :(39) 1Bem qung
ie10°0} [2z0°0] [810°0} [e£0°0] [2200]  igzo0]
6000 2000 9200 £20°0- £00°0~ £10°0 ¢'z-2 (31)Bea qing
(2100} [se0°0] {12070} [8£0°0; [egool  [ogo0l
0200 110°0- 6200 900°0" ee00- 2000 z> :(34)1q3rea g
(1S0°0} (870°0] 1£S0°0} [cg00! [ct0'0i  [29070]
110 aPPT0 wus@PT0  4anIST0  4asIT0  #44S9T°0 s}o0ys qiesy A[req
Lmmqeisut  peuaigdiyg paloensIp Ajpuo]

[euorjoury Apseq ssafare)) Anseq snobory IE2E|

(erdureg Sjoyay) SDIS 2ABIUSOOUON] JO SITLUIELIBIB(] Y3 JO SoennlIsy HJ Ired-WML-UGHM 0L 2[qeL

167



‘9T 38 JWBIPTUSIS L., ‘24 € JTEOHUlIs
o “%0T 1€ EdgIuSIs | (s)eORIQ Ul 31 SIOLS PIEpUE)S ISNQOY UOISSSISal vjeredss € WOY SIMOO TWN[O0 [PRH :SANON "SI1)D 82mo§

Z10°0 SI0°0 Z€£00 9z0°0 1200 L80°0 parenbs-y
69. g2 gLL €LL gL gL SuOlIeAIdSq() #
{2000l i¥20°0; [610°0] l9z00] [zzo0]  l610°0]
0100 900°0- 100 «xxE80°0  4+4a9200 000 (1=40q) Iepuay)
[010°0) logo0; loto00]  [zeoo0l [veo0]  {ozoo]
€100 0£0°0- 1100 v000 Zz00 g000  £-6Z :(8%) wWSem qang
[z10°0} 16£0°0] i810°0} [6£0°0] zvoo] {2200}
8000 110°0- Lz200 0000 Zz0°0 1000 €72 :(84)1q3em qang
{810°0} [eco0} (8200} [rco0] f1so0]  [¥p00]
0100 ¥80°0- 7#0°0 8200 9100 v10°0- z> :(37)y3m g
2070} (26070 {cL0°0} (120°0] focool  [680°0)
500 2600 +£59T°0  £8VT°0 1200  ++2ESC°0 SHo0Ys y3reay L[req
Aqeisat  peudiqdig pajoex)sIp Apuo]

reuorjoury Anisey ssajare)) Anseq SNOIXTY 1391

(edureg [einyy) TS aatiuSoduoy jo syueuTmLIaIR( Y3 JO sojemiysy FJ Jed-UiML-TIGIM 1L 2198L

168



%1 8 jmeogIudts , ., ‘%G e Jreoyuats
ex ‘2407 12 WROYTURIS | ‘S18DRIq Ul aJe $10119 pIepuels 1Snqoy ‘u01ssa1891 9reredss B WO S8WI0O UUMICO PRY :SAI0N "SI P2IN0g

6£0°0 8£0°0 8100 ¥20°0 1300 6000 parenbs-y
989 889 889 889 889 889 SUOIIBATISQ() #
i210°0| [810°0) lzeool  [eg00] fezoo]  [9z00]
0100 800 0~ 1€0°0 «P900 442900  200°0- (1=Aoq) 1epuay)
620°0] [ce0°0} {ze0°0] (15070} [szo0]  [8€00]
600°0 6100 ¥20°0 990°0- 1€00- €100 €£-¢¢ :(3%) 1g3em qung
iz€0°0] [2e0°0) ioggo'0] 9600} [8z00]  {ev00]
800°0 ¥£0°0 820°0 8200~ 6800~ 0800 §2Z-T :(3%)yBam qing
€0°0| [£50°0] (26070} {860°0] [2e80]  lov070]
6200 +120°0 g10°0 £S0°0-  «#xL600- 2200 Z> «(3)mBm ping
[690°0] i£20°0] (#2070} [z80ro] [8g00]  [¥800]
8010 £sxIBT0 G210 +F81°0 +09T0 6600 syooys Iresy Ljreg
Aupqeism  pau L] Pa310RIISTp Apuo]

uonoury  Apseg  ssepre)  Aqseg  snon@y  [33d

(aydwreg weqin)) S[IBIS 2A1US0dUON JO SymeunuIala(] oY) Jo sejemnsy A Hed-UML-WYHM TL 2L

e’

169



%1 ¥e IWeyIudIs ., 1%¢ I8 Jueoyrudis
s "%0T 18 JTEdGIUSS , 1S19}OBIQ UI Ore SIOLI PIEpUe)s JSNQoY "uolsssIdal dteredes € mWoL SAWI0OD TUMOD [P -SAION "SLID PO

1000 £20°0 Z100 £00°0 £100 6000 perenbs-y
6£< ¥ 1829 1829 1%¢ 1§24 suolyealasq() #
(1=4oq) 19puan)
£00°0. €700 [¥30°0) f170 0} [ogo0]  [2£0°0]
c00°0 180°0- 820°0 £20°0 8000- 2100 €< :(3) wgdea quug
1100, 16¥0°0, [scool  iosool  leso0]  [e¥00)
€000 zg0°0- +x220°0 1£0°0 £60°0- 9800 €T (3y)qFem mung
{0200} [ogo 0} (z00} (0900} [Pco0] [260°0]
020°0- 2¥0°0- #0800 6500 290°0- €20°0- 2> (3y)w3ea ying
$L070] 120°0] foLo 0] 10L0°0] [2¢00] [260°0]
Y00 L1170 SE0°0 9€0°0 €600  0V00 poys gieay Aprey
{mqeism pausyq3ug paIdRIsSIp L[puoj

reucnowy Aisey ssajare) Lpseg snolxuy 1894

(sjdureg afepy) S|IPIS @A13uSodUOY JO syTeUTIIRIR(] oY) JO soremnsy HJ Jred-UIML-UITIM :£2 398l

170



%1 ¥e Jmeogradis ., '%G 1 JUedgIuds

«x ‘%01 18 1me0gIudis , i$)940RIQ Wl AIR SIOLI3 PIRPUEIS ISNQOY -UOIsssiSal ajeredes © WION SOWOD HWIN(OD YoeT :$AI0N "SI @92Mog

0600 £S0°0 1700 1€0°0 9¢0°0 P10 parenbs-y
JA4Y 09¢ 09¢ 09S 098 09¢ suoljealasq() #

(1=40q) 1puan

[1£0°0] 620°0; leeoo;  ‘egor0l  iggool  [vzoO)
9Z0°0 £r0°0 b20°0 «890°0- L1000~ LS00  £-GZ :(3y) wBa qing
[920°0] {+£0°0] [2£0°0] [9%0°0] [ke00]  [eco0]
G100 1800 6200 0800~  £200- P00 92T :(3)igdam qing
(2£0°0! F0°0! [z¥0°0] %500 [o¥00]  12£0°0]
€200 100 6¥00 4010~  2C0°0- 6%0°0 2> () mBaa qung
i€0T 0] 1901°0; 18600 'e01'0! (6600  IEIT0]
#38500 4usl820 «xB1T°0 44aBLT0 548200  444P6E0 sypoys yireay Apre
Aljlqeasul  pauangsug paldensip Aauo]

remonowry  {iseg  sSo@pIe)  Apisey  snoxUyY @934

(ordureg ofewog) S{IPIS AnuUI0OUON JO sjueUIULIAIO( Y3 JO sejewlySy A Ired-UIML-UIYHAM b 3qEL

171



‘%1 ¥2 JURdgIuSIs ,,, ‘%G I8 JawoyTuIs

e+ ‘%01 I8 JuRdyUdis , $19RIQ UY 2Ie SIOLIR PIepuels 1ISNqoYy 'UoissaIdal ajeredas e WIOK SOUIOD UWMGO oey :SAION 'SLDD #omog

0£0°0 2000 9g00 9600 1800  ¥00°0 parenbs-y
6S¢ 092 09¢ 09¢ 09¢ 09¢ suonjeArssq( #
(800°0] {910°0] i£10°0] [120°0] (91070} [g1070]
Z10°0 c00'0- LI00 2492000 2448200 100°0- (1=40q) 1epuan)
[vzool {6£0°0] [610°0] [290°0; freo0] [gg0°0) ‘
¥00°0 0z0°0- £00°0- 8£0°0- 9z00  1£0°0- ¢£-¢'Z (39) 1gSea Qang
[sz0-0; 155070} [eco0]  [890°0] [€g00] %070l
e100 $10°0 $00°0- 9€0°0- €000  ¥E£0°0- SZ-¢ (3M)igSea png
{1%0°0] (260°0] 63070} [e800] 62001  [9200]
L90°0 £50°0- 610°0- 8500 9100  0£0°0- 2> {(3%)fan qung
(02070} (2100} (8110} Fot1°0] [9z0:0] [920°0]
£L0°0 9000 +812°0 «681°0 6700 0400 syR0gs qifesy Apreq
Auiqeisur  pauRigdiLg paixellsip Arauof
rpuopowry ~ iuiseg  ssepprey  Anseg  SnOXUY 334

(s1dureg tepusn-paxi) SIIPIS 2A1NUS0OIUON JO SIURUTULIBIRQ 293 JO SajewnISH HJ Jred-UIML-UIYHM L IGRL

172



12 Wwedymudis

BAR: yredyrusis ., (%e
%01 1e uedyudis , S1aNIeIq Ul AIT SIOLI3 PIEPUEIS 1SNQOY ‘uo1ssa13a1 21eredas B WO SIW0d WUIN[0d GorF SION SI1DD -MOS

1000 1000 1000 8000 6000 9z0°0 3100 9z0°0 parenbs-y

cchl oct1 (331 6SHT Haal 3921 1EF1 Az SUOLIRAIISq() #

00, £¥0°0] 1200 6¥0°0] LLP00) [r10°0] 910°0) FAL )

«=160°0 Z20'0- Z000- «e=FCT0 «280°0 «+180°0 €z0°0- «=860 0 (1=40q) npUa)

{19070} '090°0] i+90°0] 169070 {19070} [810°0] '£20°0! 1900,

200 cz00 1700 Z000 ¢R0°0- 100°0- LE0°0- FS00- g-¢'7 -(34) wsam yig

[690°0] 120°0] (9100, {180°0] 1690°0] fozo0] 9200} '890°0]

8210 L8070 190°0- 1900 £00°0 $00°0 0£0°0- Tro0- G z-T :(3§)Baw g e
$80°0] 160°0} le600] 66070 1980°0] '€20°0] €200} 280°0] -
9¢0'0 300 Ze00 20°0 1800 Z10°0- 2200~ £20°0- Z> :(3%)1Bna uuy

'180°0] ZI10) 10, 'ge10] 1ol | 0200} (eco 0] 9r1°0]

¥O1 0 180°0- 9£0'0 600 0" zero | << 1F10- e LV O wxx 1680 sx¥o0ys Yl ARy
1a1a301 12130 Uil nod 1weym  3jij [0OYdS anssl | digsuonie[al [2A3] aBaf[od  [9A3] mONEINPY

AL yrey soured feid wayl (2L wayl [(2], ue ssnIS|(] UaIp[Iud-S1uaIe paidadxyg porsadxy
uotidaoted sppiu) " uondaozad sjuared
(a1dures sjoypy) diysuone@y pPirYD-IuaTed 34} Jo SUCUIULIdIA(] oY) JO SIS FJ Jred WM L-uHuMm ‘9L 2IqBL

TS



1% Joeayrudis

=%

%1 1e wedgiudis ., %C

*3%01 18 weoyiuBis , '$13}oRIQ Ul ATe SI01II pIepURIS 1SNQoY -Uoissaidar seredas e WO SIWOD CWIN{OD goed SAON §1DD 92Mmog

0100 F00 0 v00'0 0100 9100 | 0Z0°0 £100 ¢100 parenbs-y
7] 99. 692 ziL 92 1L 89 %9 suoteAIasqQ) #
lveo 0] LF0°0. 2900, 290°0] 190°0} 8100} £20°0] 260°0]
£20°0 £10°0- 8000 2100 «=1Z1°0 «=1P0°0- £LF00- «=621°0- (1=40q) 1apuag
+20°0] '120°0] 1800, €60°0] '990°0; €200} 6200, £80°0}
9800 6100- PO 0- 9900~ 90 0- 0200 «=00070- 0010~ £-¢'Z (89) wBam qing
2800, 680°0] ico1 0] o1tn] zso0l | '£20°0! [eg00] 60°0]
« 1210 120 0- or1°0- 1100 1800 | ¥E£00 8£0°0- £90°0- ¢g-¢ (39)1gBem qing
'801°0, 61170} 9€1°0; 2510 o) i620°0] 6F0°0] fcer o)
9800 c£00 980 0- £30°0 6910 F100 620°0- ce00- Z> :(3¥9)qBea qung
L01°0] 6610, L61°0] l9erol BOTO] | (8800 0900} 651°0]
FPLO- 99z 0- 900 0- Z91°0- 100 | 9€0°0- £00°0 eV 0" syjoous Meay Ajrey
1ay1a801 2113801 Uiyl nos wygm 241 jooyss ansst diysuotyear [9a9] a33[j02>  [aAd] UOIlEONPD
AL yoteyy sowred sepg way} [[2L waf} [[2]  U® SSNOSY] | UAIP[IYI-Syuared  poydadxy padadxyg

uondadiad spriy)

unondaoiad sjuared

(ardureg reinyy) digsuone[ay PlIYD-juaIed aY3 JO SIURUIISIS(] 3Y} jJo sajewIsy HJ red-UlmL-UI AL L. 3[qeL

174



12 1Ieduss

%01 12 weoytudis

%1 e weoquudis ., t%E6

'8184JBIQ Ul I8 SIOL3 PIEpUeIs 1SNGOY ‘UoIssai3al ajeredas e WOI S9UIOD UWN{OD GIBF :SANON "SI)) :22Inog

€000 Z000 1000 6100 8000 £20°0 9¢0'0 0900 parenbs-y
29 9 Z89 189 129 789 629 6.9 suotieAtasq() #
€200 080°0] 180°0] '020°0] iez00; £z00] Zzoo] {190°0;
Z010 1£0°0 6000 «==192°0 z£00 610°0- £00°0- 600" (1=40q} 1apuan
01°0; 1201°0] T60°0] ‘3600 fe1170] (0£0°0! '980°0] igg00]
600 0- 1600 Te0°0- FRO0 SI1°0- ££0°0- 6000 €000 £¢¢ :{3y) 1Bex puug
€10 Q110 11440) 211°0] izer o) iee00] lot0°0] i260°0!
€900 eIno 1100 800 ¢60°0- P00~ 100 100°0- cz-¢ (3y)w3e qung
2380 f3240) erol 110} rto) i2€00] '£40°0! ‘o11°0]
900 0 001°0 120°0- 6200 1200 90°0- L80°0- C60°0- z> (3%) g3 ying
‘et o 611°0] o12°0] i2€Z°0) 261°0] 6110} [Z80°0] - 922 0]
080°0- 1200 V00 RET0 $9Z°0 ~9ET 0" ++<892 0" «+x00L 0" S}0Us yifeay Ajieg
1311230 1ay1adoy juig: noi jegm 3| [00YIS ansst digsuonefal [2a9] adaf[oo  [aaa] TonlEONpPD
AL ey sewed Aeld wayl 3L wayl [[3] we SSNJSJ | UsIP[IYd-Siuared paadxyg pa10adxy

uoridaoaiad spiiy))

uonidaoiad simared

(ejdureg weqan)) diysuonedy PlIYD-1uaIed 243 JO SHURUIULINA( 2Y) Jo sojewysy FJ ed-Ulm L-Urqiiay 8L 2[qeL

175



1e weoymudis

%1 e yreogrusis ., %6

“%,01 18 Juedyiudis , '$1a¥Jelq Ul are SI01IJ pIepuels 1SNqoy -uoissaiSal ajeredss e WIOY SIWOD WUWIN[OD YoeF ‘SAION "SLDD "dInog

+00°0 +00°0 900°0 r00°0 1000 ££0°0 cH00 2€0°0 parenbs-y
e [€C 8€C 1FC Lec 8€¢ 186 1€ suoljeAlssqQ #
{1=40q) 1apuas)
160°0; 16900} o11°0i 8600 19200] {o£0°0] '6£0°0] [160°0]
¥90°0 7€0°0 6600- Z100 LV00- Z100- $20°0- 6500 £¢Z (8y) wBam ying
fot10] 600 wTro 611°0] le60°0] [1£0°0] [£r0°0] fro1°0j .
FET0 0Z0°0 £000 8600 £10°0- 610°0- L100- £60°0- ¢z (3B qing
o Fiag)) SFI°0] Zero] '8e1°0] [1€0°0] 1650°0! [o¥1 0]
$C0°0 1200 0000 6010 6100 010°0- 0100 Z80°0- Z> (3y)wyea ying
£z1°0) 8110} 961°0] £e20] (6810 fezt 0] [680°0] [+0Z°0]
LE10- FET O 6£2 0" PET 0" £20°0 FI1°0- +x2VCT 0" =24£28°0 S¥20Ys yifeay sprey
13Y193m Iaylado Nuigl noA jeys  IYIj jooyas anssi digsuoreja: [2a9] a83[j0>  [aA9] UOIIEINP3
AL goieyy  soured feld way: 3L WAy} [[3] We sSnOsi(] | waIp[ip-siuared  parvadxyg pa1edxy

uotdaniad spiig)

uonidadiad syuared

(adureg afejy) diysuorje[sy piiyD-1usied oY) Jo SIURUIULIdIA(] Y3} JO sajewlIsy FJ Jred-UMML-Ulyim 6L 2198L

176



%1 ye jwedyrudis . 194G

1e Jweoyudis ., %01 1€ Wwedyudis , 'S1940elq Ul are SIOLID PIepuR]s 1SNQOY -uolssarfal sjeredas v wol) SSWIOD UUWIN[Od Yded :SNON ‘SLDD @Mmog

6000 1000 z00'0 £00°0 ¢10°0 900 P10°0 ££0°0 parenbs-y
gee gce cee gce £ec 8¢ 399 £ce suoleasasqQ #
(1=40q) sapuan
£21°0] [s11°0] l601°0] [e¥1°0] [ogT°0] 1900°0] [620°0] [201°0]
8S1°0 1100 £00°0- 6100 €000 £00°0- 0000 1000 £¢Z :(31) wBwm qing
[6£1°0] [zeT0] jogto] [191°0] [1F1°0] loto 0} [eg00] [etro}
1020 €00 090°0- cz0°0 £200 | £10°0 600°0 ¢80°0 ¢'g-¢ :(34)Brea qung
‘et 0] [oet 0] Zo1°0] ie61°0] erol | {2100} (2¥00] foet o]
1900 cL00 Z100 0£0°0 €010 | £00°0 ez0°0- £20°0 z> :(34)1q3ex qing
[161°0j FATAl) 11g0) [zog 0] [zoz0] | [0z1°0} [620°0} frez 0]
6£0°0- 0100 FZ1 0 L1 0 «61€0 | 1L1°0- 6I1°0 «=209°0- sypoys yifeay Apreg
Iayladm 1312801 yuiyl nof 1Bym 3] [0OYIS ansst M diysuoije[al {2a9] 38s[j0>  [2a3] UOlIEINPI
AL ey seured dejg watl {21 wayj [[3], e ssnosi(] | uaIpiyo-sjuared — pavadxyg patdadxy

uonidaoiad sppiy)

uotjdaoiad syuareg

ajdureg arewayj) diysuoije[ay pPlIYD-1uaied ay) Jo SIUBUIULIII(] Y3 JO sajeun}sy H Ired-Ulm [ -UIgIipy 08 2[qEL
I S afeway

177



‘941 18 Juedyludis . fUC

1e queoyusis . ‘%01 18 Wweoyrudis , S1930R1q Ul A€ SIOLIA PIEpUERIS ISNGOY "UOISSaIal ajeledas € WOL SSW0D TWNOd YorF :SANON "SIDD 92mog

2200 £00°0 6000 8200 9200 €z00 8100 0200 parenbs-y
9cg 9cg sce 09€ 6S¢ 8ee 188 188 suonealasqQ) #
'er0°0] [er0°0] [zco0] i6+0°0] i2¥0°0) ie10°0] (21070} [zvool
+680°0 9z0°0- 010°0- «+xPC10 =800 ««x£20°0- +0£0°0- «x901°0- (1=40q) 1apusn)
[680°0] feero] vot-ol izeno] fzo1°0] [£r0°0] [2r00] 61170}
€200~ ¥H00 c10°0- e100 +F02°0- 1200 +8L0°0- ¥60°0- £-¢Z :(39) 1y3am g
fot1°0} fzrrol 28170 (181°0] lzz10l {120°0] [eeo 0] [2e170]
1200 8200 ¥ero- G200 1£00 £20°0 0L0°0- 760°0- ¢zZ :(84)wBa yng
ler1°0] fo11°0} [egT 0] [erro] joet 0} {290°0] (820°0] [eF1°0]
6210 e100 L01°0- 0110 9110 820°0- +801°0- 9z1°0- z> {3y)iq8ra ying
bz10| [8¥1°0] {zog0] [r0z 0] a2t} (¢20°0] [eo10} loze 0]
1600~ FAR 190 POT°0 S00°0- LF00- 11070 gR1°0- s¥0ys yieay Ajreg
21230 SENBEY. (0)] yuig2 nod jeysm 31 [00YdS anssi diysuonejaz [9a9f 83a3[j0>  [aAa] uoIlEINPD
AL ey soured feid way3 [[BL Wyl [[3],  Ue sSnosi(] | UaIppp-sjuered  pajsedxyg pa1sadxy
uonidsaied sp[ig) uonydaoiad syumared
(srdureg

1apuan-paxijy) diysuonje[ay PlIUD-IusIed 3Y) JO SURUIWIDIO( 3Y3 JO sojewlysy H4 Ired-UlML-UIyIMm 18 dqeL

178



9 Summary Statistics of Parent-Child Relationship

179



95z 8SC 6v'C 69°¢ 09¢ sygared mof qiwm AT goIeM
Fee 1Le 8¢E S6'¢ R9E symared mof qym sured Aeg
ITe AN 61°¢ ig¢e cte Hutgl nod jeym sjymared mod (|31,
A LLe 9¢'¢ LLE 197 ajI] jooyos mof syuared Mok 3],
8Z'¢ 6eE e 09°¢ JANE S syuared mod [ira ansst Te SSNIs(]
Lep A13a9 G ‘sfem[e  § SOWPWIOS ¢ 'UIOPJAS :Z '13AJU ] SB PIIMSEI]Y
P ayy Aq paproday
Zre 90t €I'E g0t 80t (IUaqedxd iy ‘pood :g ‘aderaae :7 ‘peq :[) Pl Ay pue nod ueaniaq dmsuone|dy
8S'0 £¢0 €L0 B8E0 ¢o (Luramp) a3ajj00 weyy 2GSy [PA3] mONIRINDS 3533y paydadxy
65¢ gre 61 % PRT A (10300p :/ ‘[oOTRS B[PPIW ) P2 3} JO [3A3] UORLINPS 153Ny paydadxyy
syuasnd yyoq Ag paptoday
digsuornje(aa pygo-juared

sewdj ofeN Ueql) f[eIny S[OHM

digsuone[ay priq)-Teuared jo sosnergs Aremwumg :Zg I[qeL

180



References

BenrMmAN, J., R. PoLLAK, avp P. TauBMaN (1982} “Parental preferences and provision for

progeny,” The Journal of Politicul Economy, 90(1), 52-73.

FAMILY PraNNING COMMISSION OF YUNNAN PROVINCE (2003): “Regulations on Population and

Family Planning in Yunnan Province,” China Population Press.

eckmax, J. J. (2007): “The Economics, Technology and Neuroscicnce of Human Capability

Formation,” Proceedings of the National Academy of Sciences, 104(3}, 13250 -13255.

181



Appendix for Essay Two

Education and Preferences:
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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.

e 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 “:J” your choice. Tick only one. You will be paid based on your decision.

1) Guess: Red ~ Black
You will receive RMB40 if your guess is correct; and nothing if your

guess is wrong.

- 2) Receive RMB20

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 RMB10 if your guess is wrong;
and nothing if your guess is correct.

e Lose a sure amount of money if you do not wish to guess.

Tick “¥" your choice. Tick only one. You will be paid based on your decision.

1) Guess: Red __ Black ____
You will lose RMBI10 if your guess is wrong; and nothing if your guess is
correct.

2)) Lose RMB5S ____

™

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 Three (Longshot Prospect)

You have the following three options:

“Pick 7 out of 36  The market price for this lottery ticket 1s 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

“RMRB 2 for sure”

Tick “v” your choice. You will be paid based on your decision.

1.) *One in 1007
2) “One in 107
3) “RMB?2 for sure”

Other than your first choice, tick “v* your choice from the two remaining. You will not

be paid 1n this decision.

1) “One in 1007
2.} “One in 107
3) “RMB?2 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 furn preferred to 3.
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"
Game Four (Longshot Hazard)

You have the folloing two options:

e Losc RMB2 for sure.

e 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 | each time, you lose RMB2000 and

nothing if you do not get the card with number 1 each time.

Tick “¥” 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.
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Game Five (Allais-Type Behavior)

For either 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.

I. Which would you prefer? Tick “V" your choice

A. Recetving RMBI10O if #1 to #8 is drawn. Receiving 0 if #9 or #10 is drawn.
B. Receiving RMB100 if #1 to #9 is drawn. Paying RMB80 if #10 is drawn,

2. Which would you prefer? Tick “v" your choice

A. Receiving 0 if #1 or #2 is drawn. Paying RMB80 if #3 to #10 is drawn.
B. Receiving RMB100 if #1 is drawn. Paying RMBB80 if #2 to #10 is drawn

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.
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Game Six (Ambiguity Aversion)

Y ou 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 RMB10 if your guess is correct; and nothing if

YOUur guess is wrong.

T2:  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 RMBI12 if your

guess is correct; and nothing if your guess is wrong,.

Tick *“¥"" your choice. Tick only one. You will be paid based on your decision.

Participate in T Participate in T2

Red Black __ Red Black _

Note: This is on ambiguity aversion. If subjects bet on T1, they are ambiguity averse.
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Game Seven (Familiarity Bias)

You have the following two options:

T1:  Guess whether the high temperature recorded in Beijing on 2008 was odd
or even. You will receive RMBI11 if your guess is correct; and nothing if your
guess is wrong.

T2:  Guess whether the high temperature recorded in Tokyo on 2008 was odd or
cven. You will receive RMB13 if your guess is correct; and nothing if your guess

is wrong.

Tick “V” 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 T1, they are familiarity biased.
(Betjing 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)
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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. Plcase answer the following questions supposed you need to make

decisions facing such situations.

I. Suppose that you can get RMB100 tomorrow, or you can get RMB 120 eight days
later. Which one do you prefer:
{1) Get RMB 100 tomorrow;
{2) Get RMB120 eight days later.

2. Suppose that you can get RMB100 91 days later, or you can get RMB120 98 days
later. Which one do you prefer:
(1) Get RMB100 91 days later;
(2) Get RMB120 98 days Iater.

Note. This is on time discounting. If subjects choose RMB100 today in the first case,
they are impatient. If they prefer RMB100 today over getting RMB120 seven days, and
prefer getting RMB120 98 days later over getting RMB100 91 days later, they exhibit

hyperbolic discounting behavior.
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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.
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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 born.

*

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 RMB1000. The uncertainty is supposed to
resolve today. Something happens, so it is delayed until 2 weeks later. If you pay RMB2,
you ¢ould resolve the uncertainty immediately. Would you pay RMB2?

(1) Yes;

(2) No.

Note. This is on anxiousness. If subjects choose to pay, they have preference of

_ anxiousness.
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Appendix I1I: The Education System in China

Techmical
school Go 1o work Postgrad

{age 15) {age 19} (oge 22]

4 yeus

University
fyears _ Iyears lage 18}
- -
Prirnary Middle
srhoot whool
Tage o) lage 12

Go to work
(age 18}

Note: (a) the entrance age for primary schoo! is not fixed at 6. Most of children enter at primary school at age 5-7. (b)
Beforc 1986, the primary education was 5 years in most areas; after 1986, the country began to promote a 6-years
primary cducation system. In the early 1990s, almost all areas adopted the 6-year primary education system, {c)There
are some high school graduates enter into technical school. In our sample, 36% of the technical school graduates
have studied high schoo! before entering technical school. The remaining 64% technical school gradustes only
studied middle school before entering technical school.
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Appendix I'V: OLS and Within-Twin-Pair Fixed-Effects Estimates of
Education and Decision Making under Risk and Uncertainty

Table Al: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Decision Making under Risk and

Uncertainty
Dependent variables
Moderate prospect Moderate hazard
QLS FE OLS FE
(1) @) ) @ ) ©)
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)
Collcgc 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)
Age-squarced -0.041 -0.066* -0.081%* -0.09]1+*
(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 -£.193*
(0.10) {1.68)
Father high school 0.159 0.098
(0.79) (©.51)
Father technical school 0.143 -0.282
(0.60) (1.26)
Father college or above 0.302* -0.029
{1.83) {0.19)
Mother middle school -0.194 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-squared 0.11 0.19 0.08 0.11 0.17 0.09

Note: Abzolute values of f-statistics computed bazed 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; 2 city dummy is included in each OLS estimation.
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Tablc 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
QLS FE QLS FE
0! (8) 9 (10) (1) {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)
College and above 0.06] 0.158 0.482** -0.085 -0.064 -0.061
(0.50) (1.10) (2.06) (0.69) (0.44) (0.26)
Age 0.031 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)
Malc -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** g.321*
(2.01) {1.86)
Mother middle school -0.05% -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) (113
Mother college or above 0.296 -0.406*
> (1.19) (1.67)
Obscrvations 140 140 140 128 128 128
Twin pairs 70 64
R-squared 0.14 0.21 0.03 0.14 0.25 0.05

Note: Absolute velues 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 cducationa! group for
the individual is middle school and below, and the omitted educational group for parcnta) education is primary
school; a city dummy is included in each OLS estimation.

198



Table Al: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Decision Making under Decision
Making under Risk and Uncertainty (Cont.}

Dependent variables

Allais-type behavior Ambiguity aversion
QLS FE OLS FE
(13) (14) (13) (16) (17 (18)
High school 0.092 0.094 0.295 0176 ¢.077 0372+
0.97) (0.96) (1.64) (1.56) (0.67) (1.72)
Technical school 0.064 0.056 0.274 0.36G%** 0.240* 0.242
(0.59) (0.47) (1.33) 2.713) (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.t1) (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
(0.38) (0.46)
Father college 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 technicat school 0.145 -0.353*
{0.90) (1.75)
Mother coilege or above -0.098 -0.083
0.50) (0.33)
Observations 122 122 122 140 140 140
Twin pairs 61 70
R-squared 0.15 0.21 0.08 0.07 0.17 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
schaol; a city dummy is included in cach OLS cstimation.
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Table Al: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Decision Making under Risk and
Uncertainty (Cont.)

Dependent variables
Familiarity bias

OLS FE
(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) ©.30 {0.48)
Male 0.0176 0.0845
(0.24) (1.19)
Father middle school -0.081
{0.79)
Father high schoo! 0.047
(0.28)
Father technical school -0.139
. (0.69)
Father college or above -0.380***
2.73)
Mother middle school 0.050
_ {0.43)
Mother high schoot 0.264*
{1.76)
Mother technical school 0.287*
{1.73)
Mother coliege or above 0.115
(0.56)
Observations 140 140 140
Twin pairs 70
R-squared 0.10 0.2] 0.06

Note: Absolute values of f-statistics computed based on the permutation procedure (Freedmen 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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Appendix V: OLS and Within-Twin-Pair Fixed-Effects Estimates of
Education and Decision Making Involving Time

Table A2: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Preferences Involving Time

Dependent variables

Impatience Hyperbolic discounting
QLS FE QLS FE
(1) (2) (3) 4 (3 (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 0177 -0.413 0.010 -0.004 -0.057
(1.00) (1.19) (1.56) (0.088) (0.032) (0.24)
Lollege 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) .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) 217
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 collcge or above 0.044 0.099
(0.25) (0.65)
Mother middle school 0.003 0.050
(0.020) (0.39)
Mother high school 0210 0.073
' (1.11) (0.44)
Mother technical school -0.028 0.187
0.19) (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-squared 0.13 0.16 0.10 0.07 0.10 0.07

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 oinitted cducational 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 A2: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Preferences Involving Time (Cont.)

Dependent variables
Anticipation Dread
FE QLS FE
) (8) %) (10) (1) (12)
High school 0.068 0.058 0.048 ~.30] *** -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%*
(0.98) {0.41) (0.56) {1.70) (1.65) (2.22)
Cullege 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 £.042 0.021 0.002 -0.000
(1/100) (L1 {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 college or above 0.252 0.135
(1.43) (0.82)
Mother middle school 0.014 0.018
(0.11) 0.14)
Mother high school 0.350* 0.054
(2.03) 0.31)
Mother technical school -0.139 0.057
(0.72) (0.30)
Moather college or above -0.009 0.068
{0.037) (0.29)
Observations 130 130 130 136 136 136
Twin pairs 63 68
R-squared 0.23 0.31 0.02 0.08 0.1] 0.07

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 cducational group for
the individual is middle school and below, and the omitted cducaticnal group for parental education is primary

school; a city dummy is included in cach QLS estimation.
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Table A2: OLS and Within-Twin-Pair Fixed-Effects Estimates of Education and Preferences Involving Time (Cont.)

Dependent variables

Hopefulness Anxiousncss
QLS FE OLS FE
(13) {14) (15) {16) (17 (18)
High school -0,201* -0.186 -0.225 -0.062 -0.069 -0.130
{1L.7D) (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)
Collepe and above -0.069 -0.145 -0.478%* 0.079 0.044 -0.085
(0.56) (0.99) (214 (0.74) (0.34) (0.35)
Age -0.003 0.014 -0.010 -0.017
(0.08) {0.32) (0.34) {0.48)
Age-squarcd 0.000 -0.018 0.021 0.028
(1/100) {0.00) (0.39) (0.65) (0.75)
Male 0.252%%* 0.19}* -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)
Maother high school -0.179 -0.169
{0.97) (1.03)
Mother technical school -0.052 0.012
0.25) (0.064)
Mother collcge or above -0.153 0.172
(0.61) 0.77)
Observations 128 128 128 140 140 140
Twin pairs 64 70
R-squared 0.14 0.19 0.07 0.11 0.14 0.01

Note: Absolute values of [f-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; & 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 Vanables

Between-family cormrelations Within-twin-pair correlations
Education AEducation
Married -0.1445%%* AMarried -0.0173
(<0.01) (0.70)
Spousal cducation 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* AWorking in foreign firm dummy 0.0214
(0.06) {0.66)
Tenure -(.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 are the correlations between the within-twin-pair
differences in education and the within-twin-pair differcnces in other characteristics,

Source: Li, H.; Liu, P. and Zhang, J. "Estimating Retumns to Education Using Twins in Urban China." 2010, Journal
of Development Economics, forthcoming.
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