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sSummary

Although it has been argued that undernutrition and its consequences for child development
are irreversible after the age of 2, the evidence in support of these hypotheses is
inconclusive. This working paper investigates the impact of nutrition at different periods from
conception to middle childhood on cognitive achievement in early adolescence using data
from Ethiopia, India, Peru, and Vietnam. In order to address estimation problems the paper
develops a conceptual framework that delineates the channels through which child health
impacts cognitive development and uses exogenous variation in nutritional status arising
from weather shocks.

Results suggest that child growth both before and after the first 1,000 days is responsive to
weather shocks and impacts cognitive achievement in early adolescence. The paper also
finds that part of the effect of early growth on later cognitive achievement manifests through
growth in interim periods. Another novel result is that parental investment responses to a
change in child health depend on the timing of this change.

These findings have important policy implications. On the one hand, results indicate that
nutrition early in life is important for physical growth and cognitive development in
subsequent stages of childhood, but on the other hand they suggest that nutrition-promoting
investments after infancy and early childhood can act as a remedy for early nutrition and
cognitive deficits and protect from nutritional insults in later stages that may also lead to
developmental setbacks. Overall, the evidence suggests that nutrition-promoting
interventions that start early in life and continue to subsequent stages of childhood, combined
with support in other areas such as cognitive stimulation and parental involvement, may hold
the most promise for the promotion of child development.
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1. Introduction

The literature on human development in economics, psychology, and other disciplines
(Cunha and Heckman 2007; Heckman 2007; Grantham-McGregor et al. 2007) highlights the
existence of critical and sensitive periods, when investments and environments are
particularly effective in fostering the acquisition of capabilities. The identification of these
periods for the development of different types of capabilities is therefore crucial for the design
of effective interventions that mitigate harm and promote human development. Nevertheless,
relatively little is still known on how resilient individuals are to adversity and the extent to
which compensation at a later stage of life can remedy earlier deficits (Rutter 2004; Cunha et
al. 2006; Almond and Currie 2011).

In low- and middle-income countries, where child undernutrition is endemic and has
deleterious implications for child survival, health, and development (Black et al. 2008, 2013),
interventions focus on the first 1,000 days of life, the period from conception to the age of 24
months, because this is highlighted as a critical period during which physical growth and
cognitive development are particularly susceptible to nutritional insults (Pollitt et al. 1996;
Glewwe et al. 2001; Black et al. 2008, 2013). In particular, it has been suggested that growth
retardation and cognitive deficits resulting from undernutrition during this period can hardly
be reversed in later periods (Martorell et al. 1994; Glewwe et al.,2001; Victora et al. 2010).
The evidence, however, does not seem to provide unequivocal support to these hypotheses,
as several studies find evidence consistent with reversal of undernutrition and associated
developmental setbacks through changes in the environment and interventions occurring
after the age of 2 (Golden 1994; Alderman et al. 2006; Grantham-McGregor and Baker-
Henningham 2010; Prentice et al. 2013). Although this evidence may refute the
“irreversibility” claim, it has been suggested that a primary focus of nutrition- and growth-
promoting interventions on the first 1,000 days is still justified on the basis that the effect of
undernutrition during this period on child health and development is larger compared to that
of undernutrition in later periods (Black et al. 2013). Nevertheless, this is viewed by many as
an assertion, as the evidence on the relative impact of nutrition at different periods of early
life on cognitive development remains scarce (Glewwe and King 2001; Maluccio et al. 2009).
The few existing studies investigating how the timing of undernutrition affects subsequent
cognitive achievement are mainly experimental studies based on interventions (McKay et al.
1978; Maluccio et al. 2009; Barham et al. 2013) in children of different ages and studies from
the biomedical literature investigating the association between nutrition trajectories, as
measured by growth at different periods, with cognitive achievement using observational data
(Gandhi et al. 2011; Crookston et al. 2013; Georgiadis et al. 2016). These studies have
advantages but also several limitations. Experimental studies provide estimates of the impact
of interventions on cognitive achievement that may not only manifest through nutrition
improvements and produce mixed evidence that may partly reflect that results are context-
and period-specific, and thus have limited external validity. Furthermore, the few studies from
the biomedical literature examining the relationship between growth trajectories and cognition
produce evidence of correlations that is difficult to interpret.

To our knowledge, the only study to date that directly investigates the impact of the timing of
undernutrition on cognitive achievement is by Glewwe and King (2001). Glewwe and King
(2001) examine the effect of growth at different periods from conception to age 8 on cognitive
development at age 8, using data from the Cebu longitudinal health and nutrition survey and
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instrumental variables (1V) estimation that enables them to address the endogeneity of child
growth. Their key finding is that only growth during the second year of life has a positive and
significant effect on cognitive achievement at age 8. Nevertheless, one reason why the
authors do not find a significant effect of growth after the ages of 2 on cognitive achievement
may be that they consider growth over a long period, between age 2 and 8, and this may
dilute the significant effect of growth in any sub-period during these years. Furthermore, one
limitation of this study, that also plagues other studies examining the relationship between
nutrition trajectories and human capital outcomes (Martorell et al. 2010), stems from the
inclusion in the same specification of nutrition measures at different periods that are strongly
correlated. Despite the use of IV estimation, estimates of the effect of growth at a given period
on cognitive achievement at a later period are expected to be biased and inconsistent when
one conditions for growth in interim periods, as this approach does not take into account the
effect of early growth on later cognition manifesting through growth in interim periods.

Another limitation of existing studies purporting to identify critical periods for the impact of
nutrition on cognitive development is that their results may reflect, at least in part,
behavioural responses by parents, who may increase or decrease investments in the face of
changes in child nutritional status (Glewwe and Jacoby 1995; Alderman et al. 2001).
Therefore, because these studies do not produce evidence of the direction of these
responses, it is very difficult to infer from their results the magnitude of direct biological
effects running from nutrition in each period to cognitive development that is needed for the
identification of critical periods (Almond and Currie 2011). The question of how parents
respond to changes in child health, however, is little investigated and the existing evidence is
rather mixed (Pitt et al. 1990; Behrman et al. 1994). Moreover, we know very little on whether
and how parental investment responses depend on the timing of changes in child health.

This paper investigates the impact of child nutrition, as measured by growth, at different
periods from conception through middle childhood on cognitive achievement in early
adolescence, using data from the Young Lives cohort study in Ethiopia, India, Peru, and
Vietnam. Several features of my analysis allow me to address some of the key estimation
problems plaguing previous studies. As discussed above, one estimation problem arises
from serial correlation of growth that makes it difficult to isolate the total effect of growth in
each period on cognition. In order to address this problem, | develop a conceptual framework
of the determination of child health and cognitive skills over different periods of childhood that
delineates the channels through which health in each period impacts cognitive skills, and
allows health at a given period to impact cognitive skills at a later period also through health
in interim periods. The framework is used to distinguish between two demand relationships
for cognitive skills conditional on child health; one that accounts for all channels through
which child health impacts cognitive skills, and one that does not account for the effect of
child health manifesting through health in subsequent periods. Estimation of both
relationships allows one to identify the total effect of health on cognitive skills in each period
and to assess the importance of the causal pathway linking early health with later cognition
manifesting through health in interim periods. One key implication of the framework is that
early health insults lead to cognitive deficits that are expected to accumulate over the life
course, and this process could be counteracted through compensatory investments in child
health and cognitive skills in later periods.

Another problem in estimation emanates from endogeneity of child nutrition in different
periods due to the simultaneous determination of child health and cognitive skills through
parental investments and to various sources of measurement error in nutrition measures. |
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overcome this problem employing IV estimation using as instruments for child growth in each
period community weather shocks realised before each growth measurement that are
expected to impact child growth and nutritional status through affecting the prevalence of
infectious diseases (Skoufias and Vinha 2012). Finally, by using data from a unique
international cohort study in low- and middle-income countries, | produce international
evidence of higher external validity than those of studies focusing on a single context.

My key finding is that undernutrition in utero and through infancy and its impact on cognitive
achievement in childhood can be reversed through investments in nutrition and cognitive
skills in later periods of childhood. This is supported by evidence that child growth is
responsive to weather shocks occurring after the age of 2 and has a large effect on cognitive
achievement in early adolescence across countries, but also that a significant share of the
impact of nutritional status from conception through infancy on later cognitive achievement
manifests through nutrition in childhood. | also find evidence suggestive of a direct effect of
nutrition both before and after infancy on cognitive achievement at age 8, and that the effect
of nutrition in each period on cognitive achievement can be partly explained by changes in
parental nutrition and cognitive skills investments in middle childhood.

Another novel finding is that parental investment responses to a change in child health are
heterogeneous across multiple dimensions. In particular, | find that: (a) parents may
compensate in cognitive skills investments and reinforce health investments after a change in
child health at a given period; (b) different inputs to the production of a dimension of human
capital, e.g. cognitive skills, may respond in opposite directions after a change in child health;
(c) investments may respond differently to changes in child health at different periods; and
(d) there are unobserved parental investment responses to a change in child health at a
given period. These results may explain the mixed evidence and the current lack of
consensus in the literature on whether parents compensate or reinforce the impact of child
health insults in early life and highlight that, under heterogeneous and partially observed
parental investment responses to child health, it is very difficult to infer whether reduced form
estimates provide lower or upper bounds of biological effects of health on cognitive skills.

The remainder of the paper is organised as follows. Section 2 presents a conceptual
framework of the relationship between child health and cognitive skills over different periods
of childhood, and Section 3 sets out the specification of the econometric model and the
identification strategy adopted. Section 4 discusses the data, presents descriptive statistics,
and explains the instrumental variables strategy adopted, Section 5 presents the estimation
results, and Section 6 concludes.

Conceptual framework

This section presents a framework of the determination of child health and cognitive skills over
different stages of childhood and adolescence. The relationship of interest is the conditional
demand for cognitive skills or the demand for cognitive skills conditional on child health that
allows one to express the utility maximising level of child cognitive skills as a function of the
utility maximising level of child health and a subset of exogenous variables that excludes
variables that impact cognitive skills through child health (Pollak 1969; Glewwe and Miguel
2008). Conditional demands can be used to assess the total effect of a change in child health
on the demand for cognitive skills that includes both direct (biological) effects manifesting
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through the cognitive skills production function, and indirect (behavioural) effects manifesting
through responses of parental demands for cognitive skills inputs to changes in child health.

The framework here deviates from other frameworks, such as that by Glewwe and Miguel
(2008) in one important respect. It considers an additional channel through which a change in
child health in one period may impact child cognitive skills in a later period to those
accounted by Glewwe and Miguel (2008) that manifests through child health in interim
periods. This takes into account that a change in child health in one period may impact child
health in subsequent periods both directly, through the health production function, and
indirectly through changes in the demands for child health inputs in subsequent periods.
Accounting for this channel highlights the potential for mitigating cognitive deficits arising
from early health insults through health investments later in life.

| consider an optimisation programme, similar to that of Glewwe and Miguel (2008), based on
which parents make choices to maximise utility over the first T periods of the child’s life
during which the child is a dependent, subject to technological constraints, such as the child
health and cognitive skills production functions in each period, time constraints in each
period, and an intertemporal budget constraint. Under this setting reduced form demand
functions of health inputs at period ¢, with t = 1,...T, are as follows:

* t — -
Nt = Nt,D ({pC,T’ pN,T' pl,‘r' W’L” D‘L” S‘r' e‘r' A‘n l’l‘l." }‘r:l' 6' HOI AO' a,r, E’ W, )\, {u.[ -f—:%, {v‘[}‘izi

t=1,.T (1)

where health inputs, N, in each period are assumed to include also parental time spent in the
production of child health, p., py, p; are prices of consumption goods, health inputs, and
cognitive skills inputs respectively, w is the wage, D is the disease environment, that is
assumed to be outside parents’ control, S stands for the school environment, including
preschool in early stages of life, that is also assumed not to be subject to parental choice.
Moreover, § captures parental time preferences, H, is child’s health endowment at
conception, A, denotes household’s assets at conception, « is child’s innate ability, r is the
interest rate, £ and &, denote fixed and time-variant taste shifters respectively, u, and u are
time-variant and fixed cognitive skills productivity shifters respectively, 1, and 1 are time-
variant and fixed child health productivity shifters respectively, u and v denote health and
cognitive skills productivity shocks respectively.! Furthermore, {K,}:_, for K = p¢, py.

p;,w, D, S, &, u, u, vdenotes a sequence including the values of K from period 1 to period t,
with {K.};2, =K, =K, if t;=t,and {K,};2, = @ if t;>t,. | assume that optimal choices are
made under uncertainty about the level of exogenous variables in future periods and that in
each period optimal choices in the same and all future periods are updated in the face of
realisation of the levels of exogenous variables in that period. | also assume that child health
inputs at any given period are updated and implemented prior to the realisation of shocks in
the same period and cannot be adjusted after the shocks are realised. This is why equation
(1) does not include shocks in the same period among the determinants of health inputs. This
assumption is needed for the derivation of conditional demands that condition on child health
that require that child health cannot be adjusted instantaneously to the long-run equilibrium in

1 The key distinction between shifters and shocks that is implied throughout this section is that the former are systematic factors
determining the functional form of preferences and technology, whereas the latter are idiosyncratic. Another assumption
imposed throughout is that shifters are determined either exogenously or prior to the first period. Parental total time
endowment is normalised to 1 and this is why it is not included among the exogenous variables in the reduced form demands.
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the face of an exogenous change in child health (Pollak 1969). Moreover, the reduced form
demand for child health in period t is expressed by the following equation:

* t —
Ht = Ht,D ({p(l,‘n pN,’L” pl,‘r' W‘n D‘n Srl g‘r' lr' .u'n u‘r}.[=1' 6' HO' AO' a,rT, Et 1, }\, {vr}sz%) t=
1,..T (2)

Equation (2) is derived by substituting optimal health input demands from (1) into the child
health production function that is as follows:

H, = Hp[H;_4,N;; Dy, Ay, u] = Hep[H, 1, N ] t = 1,...T (3)

where H,_, is child health one period before period t. As in Glewwe and Miguel (2008),
equation (3) assumes that child health at a given point in time is a sufficient statistic for the
history of investments in child health up to that point. Equation (3) is also based on the
assumption that the productivity of investments at any given period is determined by the level
of D, 4, and u in that period. Based on equations (1), (2), and (3), contemporaneous child
health productivity shocks at a given period are assumed to affect optimal child health in this
period directly through the child health production function but not indirectly through health
inputs demands.

Under the assumption that demands for all endogenous variables other than child health
inputs are determined after the realisation of health and cognitive skills productivity shocks
and thus after the determination of child health input demands, the reduced form demand for
child cognitive skills inputs and child cognitive skills in period t can be expressed by the
following equations:

« t
Mt = Mt,D ({pC,‘n PN ProWo D‘n S‘n f‘r' /11" Uy Ug, vT}r:l' g, HO' AOI ar, E' K, }\)
t=1,..T and M =1,CS (4)

where I stands for cognitive skills inputs, including parental time devoted to child cognitive
skills production, and CS denotes child cognitive skills. The reduced form demand for child
cognitive skills in period t is derived by substituting the reduced form demands of all direct
determinants of cognitive skills in the cognitive skills production function that is as follows:

C'St = CSP [{HT‘ I‘[}‘f’=1; a, |, {S‘n Uz, v’r}‘i=1] = CSt,P [{H‘r' Ir}‘f':l] t= 1' T (5)

where also allows for direct effects of child health on cognitive skills at a given period by
including child health in the same and all prior periods among the determinants of cognitive
skills.2 | also assume that the productivity of cognitive skills inputs at any given period is
determined by the fixed level of @ and p, the level of S, and the levels of time-variant shifters
and shocks p and v respectively in the same and all prior periods.

Following Pollak (1969) and Glewwe and Miguel (2008), under the assumption that in each
period t, parents update optimal choices taking child health prior to that point as fixed at the
utility maximising level, the reduced form demand for child health inputs in (1) can be
expressed as follows:

N{ = Neep ({H:}i;%'pN,t' Dy, A {wemr, Afy, 16, {v}521) t=1,..T (6)

where W = {pC,T' pl,‘r' Wz, f‘n ﬂrﬂs‘r}’ K= {6: ar, E' IJ}7 and Az—1=A0 - Z‘i;i pNT,N‘: are assets at
conception excluding expenditure on child health (I refer to this as household non-child health

2 Equation (3) assumes that H, summarises child health over period t and this is why it excludes H,, that is child health at the
beginning of period 1 from the determinants of child cognitive skills in each period, as this is captured by H,.
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expenditure henceforth) in prior periods. Equation (6) is the conditional demand for child
health inputs in period t that expresses the optimal level of child health inputs in that period as
a function of the utility maximising level of child health in all periods prior to period ¢,
household non-child health expenditure in prior periods, and exogenous variables

excluding {py ., D1, s, ut};i 2, and H, that impact the utility maximising level of health inputs
through optimal child health in periods 1 to t — 1.3 Substituting (6) in the child health
production function one can derive the demand for child health in period t, conditional on child
health in prior periods as follows:

Hf = H;p [H{_1, N¢] = Hicp ({H;}i;%, Pn,e Des A Uy, {a)r}‘izll Ai1 K, {Vr}g;i
t=1,..T (7)

The conditional demand for cognitive skills inputs in period ¢t can be derived from (4) in a
similar fashion and can be expressed as follows:

I{ = Iep({Hz, wr, vi}emr, A £ =1,..T (8)

where A;=A4, — Y:_; py.N; and equation (8) takes into account that at the time child cognitive
skills investments in that period are determined, optimal child health in the same period has
been set and thus it is considered as fixed at the utility maximising level. Using (7) and (8) to
substitute for the conditional demand for child health and cognitive skills inputs in in the
cognitive skills production function in (5), one can derive the conditional demand for cognitive
skills in period t as follows:

€St = CSupllH: I}een] = CSyop({HE, @ vp Yomy, ALi) = 1,.T (9)

Using (9) and the fact that cognitive skills inputs demands, I*, in each period, are expected to
respond to an exogenous change in child health in the same or previous periods, by (8), and
that child health in each period responds to a change in child health in prior periods, by (7),
one can express the total effect of an exogenous change in the contemporaneous and one
period prior utility maximising level of child health on the demand for cognitive skills at any
given period t as follows:

dCS; 9CS.p 0CS.p(0H,p OH,pdN.cp\ 0CSip l_1cp N
dH;_, 0H;_, 0H; \@H;_, ON; dH; ,) adl;_, 0H;_,

9CStp |0lecp | Olpcp (OHpp  OHppONcp 0l cp 0A¢cp
ol |0H;_, O0H; \OH;, 0N/ 0H;_, 0A; 0H;_,

] (10a)

dCS; 9CS,p 9CSip dl,cp
dH; ~ 0H; al;  0H;

(10b)

Equations (10a) and (10b) delineate all the channels through which an exogenous change in
child health in period t — 1 and t respectively impacts child cognitive skills in period ¢t. In
particular, equation (10b) suggests that the total effect of a contemporaneous change in child
health on cognitive skills includes a direct effect, 6;22;" , operating through the cognitive skills
production function in (5) and indirect effects expressed by the second term in (10b) that
manifest through responses of cognitive skills inputs demands in period t to a change in

3 This uses the result of Pollak (1969) that when the quantity of some of the goods are fixed in the short run due to constraints
that prevent instantaneous adjustment to the long-run equilibrium, standard demand functions are equivalent to conditional
demand functions that express the utility maximising level of non-fixed goods as functions of the prices of non-fixed goods, the
utility maximising quantity of fixed goods, and expenditure on the non-fixed goods (see also Glewwe and Miguel (2008) for
details of this derivation in the case of demand functions conditional on child health).

11
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optimal child health in the same period. The direction of the total effect is ambiguous, as,
although the direct effect is positive, by assumption, the indirect effects may be positive,
negative, or zero, depending on whether parents reinforce, compensate, or neither
respectively for the impact of a change in child health by increasing or decreasing
respectively cognitive skills investments. The situation is more complicated in the case of the
total effect of a change in child health in period ¢t — 1 on cognitive skills in period t, as this
includes a larger set of indirect effects, as suggested by equation (10a).4 In particular, the
total effect of Hf_; on CS; includes the following effects:

Zzs,f"’, operating through the child cognitive skills production
t-1

(i) the direct effect of H,_,on CS,,

function in (5),

dCStp OHtp
OH{ OH{_,

(i) an indirect and purely biological effect, , operating through H, that is directly

affected by a change in H,_,, through the health production function in (3), and in turns has a
direct effect on CS, through the cognitive skills production function in (5),

9CSt,p OHyp ON¢cD
0H{ ON{ 0H{_;
child health inputs demands in period t, N/, holding A; constant, that affect the level of H{,
that in turns impacts CS, directly through (5),

(iii) an indirect effect, given by the term

, manifesting through responses of

(iv) an indirect effect, expressed by % a;;#, that operates through cognitive skills inputs
t—-1 t—-1

demands in period t — 1 responses to a change in H;_;,

T acs al
(v) an indirect effect, as expressed by Tﬁ'" aHt'fD
t t—-1

cognitive skills inputs demands in period t to a change in H;_,, holding H; and A} constant,

, that operates through responses of

(vi) an indirect effect, as expressed by the terms ag% %;’;—f”, that operates through
t t t—1

responses of cognitive skills inputs demands in period t to a change in H; arising as a direct
result of the change in H/_; by (3),

9CSt,p 0ltcp OHep ONtcD
oIy  0H{ ON{ OH{_

(vii) an indirect effect, as expressed by the term , that operates through

cognitive skills inputs demands responses in period t to a change in H; resulting from a
change in child health inputs in period ¢, N/, that in turns respond to the change in H;_,,
holding A; constant, and

(viii) an indirect effect, as expressed by the term a;% {”;%22‘#, that operates through
t t t—-1

cognitive skills inputs demands responses to a change in A; resulting from change in H;_,,
holding H{ constant.5

The direction of effects (i) and (ii) is positive, by assumption, and the same holds for (viii)
under certain assumptions,® and provided that at least one of the child health inputs in period t

4 The key reason why | consider the impact of a change in child health in period t — 1 on cognitive skills in period t is that is
allows for the identification of the type of different channels via which the impact of child health at a given period on cognitive
skills at a future period manifests with minimum complexity, as the channels via which this impact manifests increase the
further apart are the two periods.

5 Effects in (viii) can be viewed as an income effect of a change in child health in period t — 1 on cognitive skills in period t
(Pollak 1969), holding child health in period t constant. Intuitively, a change in H;_; will impact H; directly through the health
production function in (3) and thus for H{ to decrease to the same level as before the increase in H;_;, some health inputs
should decrease. The change in the demand for health inputs will lead to a change in child health expenditure in period t and
thus in resources available for all other goods, 4;, that in turns is going to lead to a change in the demand for cognitive skills
inputs in period t and through that to child cognitive skills.
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responds to a change in child health in period t — 1, at least one of the effects in (iii) is
expected to be positive.” The rest of the indirect effects of H;_, on CS; are expected to have
an ambiguous sign, that depends on the direction of health and cognitive skills input demands
responses to a change in child health in period t — 1 that, as discussed above is ambiguous
that further implies that the total effect of a change in H;_, on CS; is also ambiguous.

The key implication of equation (10a) is that, under certain conditions, cognitive deficits
resulting from health insults in early life will tend to accumulate over the life course8 and this
process can be attenuated by compensatory (remedial) investments in child health and
cognitive skills in later periods.

The rate of accumulation of cognitive deficits over the life course and the extent to which
remedial investments can counteract this process depend partly on the nature of health and
cognitive skills production technology.® One key aspect of these production technologies is
related to the existence of critical and sensitive periods for investments (Cunha and
Heckman 2007). For example, in the case of child nutrition, it has been suggested that the
period from conception to 2 years old is a critical period for investments in nutrition
(Hoddinott and Kinsey 2001; Glewwe et al. 2001). Based on Cunha and Heckman (2007),
assuming that H stands for child nutritional status, under the framework here, the hypothesis

that period t — 1 is a critical period for investments in child nutrition implies that :gf” =1,

t—-1
Wup _ 242D — g gng 2562 = .10 If this hypothesis holds, then equations (10a) and (10b)
aN; ~ oH;_, aH;

become as follows:

dcS;  9CS,p 90CS,p ly_ycp 0CSip (lrcp Ol cp
* = * - * - *‘ + *' '* + - * (11a)
dH;_,  0H;_, I, 0H;_, aI; \dH;_, = 0H;
des; _ 0 (11h)1
dH; (11b)

6 The assumptions required for this effect to be positive are that the health production function is homothetic and cognitive skills
inputs are normal goods. The homotheticity assumption implies that after an increase in H;_, that increases H; directly, for Hf
to decrease at the initial level, all child health inputs in period t will decrease (i.€. it is not possible to achieve a reduction in H;
by increasing some inputs and decrease others), and this will lead to an unambiguous decrease in child health expenditure
and thus an increase in income available to be spent on goods other than child health inputs. The assumption that child
cognitive skills inputs are normal goods implies that the increase in income available for other goods will lead to an increase in
the demand for cognitive skills inputs and thus in child cognitive skills.

7 Although N{ is treated as a scalar for simplicity, it is used to denote a set in health inputs such as the quantity and quality of
diet, parental time and effort devoted to child care, etc. Effects in (iii) and (vii) that manifest through adjustments of child health
inputs in period t, N/, to a change in H;_,, holding A; constant, involve a change in child health inputs resulting from a
reallocation of a given level of child health expenditure across health inputs (Pollak 1969). This implies that not all inputs are
expected to respond in the same direction, as for the demand of a given input to increase as a result of an increase in child
health in period t — 1 and for expenditure in child health to remain unchanged, the demand for another child health input
should necessarily decrease.

8 This means that the total effect of a change in H;_; on cognitive skills in period t — 1 is smaller than the effect of a change in
H;_, on cognitive skills in period t manifesting through channels (i), (ii), (iv), and (viii). Based on (9) and (10a), this implies that

dCSt_y _ 0CS¢_ap | 9CS¢_1p 0le_acp _0CSep | 9CSep Ole—1cp | 9CSep OHep | 9CSep dlrcp Arcp

dH{_, OH{_, al;_, OH{_, O9H;_, dl;_, OH{_, OH; OH{_, a1, 9A; OH{_,

9 They are also expected to depend on the nature of parental preferences.

OHyp
an;

10 Condition
OHep
OH[_,
period, whereas condition

9A¢cp

OH{_y

there will be no expenditure on child nutrition in period t, i.e. py (N¢ = 0 and thus A; = A;_;, and A;_,, by assumption, is set

prior to the change in H;_; and does not respond to a change in H;_;.

= 0 expresses that nutrition investments outside the critical period have no impact on nutrition, condition

= 1 suggests that the nutritional status in periods following the critical period will be equal to that at the end of the critical

9CSep
I

ry T 0 suggests that nutrition outside the critical period has no direct impact on cognitive skills.
t

Condition = 0 expresses that, given that nutrition investments in period t-1 have no impact on child nutritional status,

13
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Therefore, the key implication of this hypothesis is that there is scope for remediation in later
periods of cognitive deficits arising from early undernutrition through cognitive skills
investments, but not through nutrition investments. The implications are the same, if period

t — 1 is not critical in terms of the impact of nutritional investments on cognitive skills, but the
negative effect of early undernutrition on later cognitive skills will be larger.12 This further
implies that, in this case, there is a larger tendency for cognitive deficits arising from early
undernutrition to accumulate over the life course and more scope for nutritional investments
during the critical period, compared to the previous case. If period t — 1 is only a critical
period for the impact of nutrition on cognitive skills, then the total effect of a change in H;_;
and H; on CS; will be as given by (10a) and (10b) respectively, with the difference that the
second term in (10a) and the first term in (10b) will be equal to zero. Under this scenario, there
is scope for remediation of developmental setbacks resulting from early undernutrition through
nutrition investments in later periods, but the impact of these investments on cognitive skills is
expected to manifest only through behavioural channels related to parental responses to a
change in child health in later periods.13 Finally, when period t — 1 is not a critical period for
investments in nutrition either in terms of their impact on child nutritional status or on cognitive
skills, there is more scope compared to the other cases for remediation of cognitive deficits
arising from early undernutrition through nutrition investments in later periods, as in this case,
nutrition investments are expected to have also a positive direct impact on cognitive skills.

Equations (10a) and (10b) can be alternatively expressed in terms of the effect of child health
in each period on the conditional demand for cognitive skills in period ¢, in (9), as follows:

dC.SLf — aCSt,CD aCSIE,P 6Ht,CD aCSt,P aIt,CD aI_It,CD alt,CD aAL‘,CD (12(1)

dH;_, 0H[_; 0H; 0H[_, a1} 0H; O0H;_, 0A; 0H;_,

dcs; 09CS;cp

=——7=(12b

dH{ 0H{ (12b)

where ac;%“’ for k =t — 1,t, is the effect of a change in child health in period k on cognitive
k
skills in period t, holding other arguments of the conditional demand for cognitive skills
expressed by equation (9) constant and ‘?;:1;;“’ is the effect of a change in child health in
t-1

period t — 1 on the demand of child health in period t using the second equality in (7). This
derivation shows, that, although equation (9) can be used to assess the total effect of a
contemporaneous change in child health on cognitive skills, the same does not hold for the
case of a change in the level of health in a period prior to that cognitive skills are assessed,
as the effect identified by equation (9) does not capture the impact of early health on later
cognitive skills manifesting through child health and household non-child health expenditure
in interim periods. In general, the relationship that can be used to assess the total effect of a
change in child health in period T on cognitive skills in period ¢, with T < t can be derived by

dcs;
dH;

11 This is because, , expresses the effect of an exogenous change in nutrition in period ¢, arising from a change in factors

outside the control of parents, such as the disease environment, D, or a health productivity shock, u,, in that period that are
assumed to have no effect on H;. This implies that the result in (11b) holds more generally for the effect of changes in child

4 _ o, withj = 1,..,t — 2,¢.
dH;}

health in all periods outside the critical period, i.e.

dcs;

T will include, in addition to all effects in (11a), the effect operating through channel ii), that
t-1

12 Under these assumptions,

aaCZ”"" , that is positive by assumption.

t

under maintained assumptions becomes

13 As discussed above, an improvement in child nutrition arising from a nutrition-promoting intervention in period 2 may lead to
an improvement in child cognitive skills in this period, through a behavioural channel operating through the reallocation of
resources spent on child health towards cognitive skills investments.
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using (7) to substitute for child health in the periods from t + 1 to t in (9) and (6) and the
relationship A=A, — Xt_1 py.N;, with t = 1,...T to express household non-child health
expenditure in the periods from 7 + 1 to t in (9) in terms of child health in all periods prior to
7+ 1 as follows:

* T * t t
CSL‘,CD|H; = CS’:F.CD ({Hp}pzl' A‘n {pN,p’ Dp: /1pi up}p=,[+1' {a)pl vp}pzl' K)
t=1,..T ,t=1,..T,andt <t (13)

equations (13) are demand functions of cognitive skills in period t conditional on child health
in period 7,14 with T < t, as they include also equation (9) as a special case where t = 1. As
in the case of equation (9), it can be shown that for any given period t' witht' < t <'t,
equations (13) can be used to assess the effect of a change in child health in that period on
cognitive skills in period t, that does not include effects manifesting through child health and
household non-child health expenditure in the periods from t’ 4+ 1 to 7. This further suggests
that a comparison of the effect of H;, on CS; from (13) with t' = 7 with that from (13) with

t' < 7 allows one to assess the importance of the effect of H;; on CS; manifesting through
child health and household non-child health expenditure in periods from t’ + 1 to .

Econometric model specification
and identification strategy

The aim of the empirical analysis is to identify the independent impact of child nutrition in
each of three periods of childhood from conception to middle childhood (8 years old) on
cognitive skills in early adolescence (12 years old). In particular, | consider three linear
empirical analogues of (13)!5 for t = 4 and 7 = 1,2,3, where period 1 is from conception to
age 2, period 2 is from ages 2 to 5, period 3 from 5 to 8 years old, and period 4 is from 8 to
12 years old, as follows:

CS}, =ag+ a Hjy + ayH)5 + azHj3 + ayCHy_y + agLO;q_4 + &4 (E. 1)
CSiy = Bo + BiHiy + BoHi + B3CHY 4y + B4LOFy 4 + 1y (E.2)
CSiy = Vo +viHi + V2CHE 4 + V4LO _4 + ¢y (E.3)

where CS;, stands for a cognitive achievement test score of child i in period 4 and H{;, Hj,
and Hj; denotes child i's height-for-age'¢ in period 1, 2, and 3 respectively, that is a common
indicator of a child’s nutritional status and summarises nutritional history from conception up to
the point of measurement (Glewwe et al. 2001). Moreover, CH;_,, CH,_,, CH?%_, are

14 Given the nature of the child health production function, conditioning on child health in period 7 is equivalent to conditioning on
child health in all periods from 1 to 7.

15 Linear empirical analogues of conditional demands can be viewed as linear approximations of the corresponding theoretical
relationships or can be derived as a solution of the optimisation programme under the assumption that the utility function is
quadratic and additively separable in its arguments and child health and cognitive skills production function are linear
functions of their arguments.

16 Height-for-age is the difference between a child’s height from the median height of a reference distribution of healthy growing
children of the same monthly age and gender provided by WHO (WHO 2006; de Onis et al. 2007). It is usually expressed in
terms of standard deviations of the reference distribution.
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vectors of child, parental, and household fixed and time-variant characteristics that aim to
control for household non-child health expenditure and factors associated with heterogeneity
in parental preferences, child cognitive skills technology, and child health technology, whereas
L0 _4, LO% _,, LO% _, are vectors of locality characteristics aiming to control for the local
economic, school, and disease environment.17 Provided that observed characteristics provide
adequate measures for the theoretical variables they purport to control, the error term, ¢, in
(E.1) includes unobserved child cognitive ability, a, and cognitive skills productivity shocks in
all three periods, {v,}f.,, whereas the error term in (E.2), ,,, includes factors in ¢;, but also
child health productivity shocks in periods 3 and 4, {u,}{_;, and the error term in (E.3), ¢,,,
includes all factors in 1, as well as child health productivity shocks in period 2, u,.

The coefficients of interest in estimation are a5, 8,, and y; that based on the analysis in the
previous section, are expected to capture the total effect of child nutrition in periods 1, 2, and
3 respectively on cognitive skills in period 3. Other coefficients of interest include, 3, that
expresses the effect of H;; on CS},, excluding the impact of H{; on CS;, manifesting through
H}, and 4},, a, that expresses the effect of H; on CS;,, excluding the impact of H;; on CS},
manifesting through Hf,, Hi5, and Aj;, and a, that captures effect of Hf, on CS;,, excluding the
effect of H;;, on CS;, operating through H; and A};. This approach addresses biases in the
estimates of total effects of nutrition in periods prior to the assessment of cognitive skills
arising in studies that purport to estimate total effects of nutrition in each period by estimating
a single specification similar to (E.1), such as that in Glewwe and King (2001). Moreover, it
also allows one to investigate some of the causal pathways through which the total effect of
early nutrition on later cognitive skills manifests, and in particular those that operate through
child nutrition (and household non-child health expenditure) in subsequent periods.

Ordinary least squares (OLS) estimation of equations (E.1), (E.2), and (E.3) is not expected
to produce consistent estimates of the coefficients of child nutrition across periods, as
nutrition in each period is endogenous because, from (7), is expected to be correlated with
child ability and child cognitive skills productivity shocks in previous period, but also other
unobservables that are subsumed in the error term. Alternatively, endogeneity of child
nutrition measures in each period can arise in the case when observed characteristics do not
control adequately for parental preferences and child health and cognitive skills technology
shifters, or household non-child health expenditure. Provided that one controls adequately for
household non-child health expenditure in all three equations, coefficients in these equations
can be estimated consistently by instrumental variables (V) using as instruments for child
nutrition in each period prices of health inputs, py, the disease environment, D, child health
productivity shifters, 4, and child health productivity shocks, u in the same period that are
excluded from the three equations.18 In the case where one controls for a measure of
household income and not for household non-child health expenditure, then the only valid
instrument for child health at a given period is child health productivity shocks in this period.
This is because in this case, the error term in each equation will include child health
expenditure in some or all periods, pyN*, that, by (6), is expected to be correlated with py, D,
and A but not with u in these periods. This exclusion restriction is based on the assumption in

17 In particular, CH;;_, aims to control for A3, 6,% W, {&, te}t=1, Ay and LOy;_4 for r, {Pc,ppl,u w[,St}j:l, Dy, py 4 included in (13) for
t=4and =3, CH4_, for A3, 8,§ 1, {&, u}tor, (A Jt,and LOA _, forr, {pclt,p,vt,wt,st}:zl, {Dt,p,\,,[}‘::3 included in (13) for
t=4andt =2 and CH%_, for A}, 6, a,& 1, {&, ue}i=y, {A}t=, and LO%_, for 1, {Pc,uPz,z.WnSr}j:lv {D[,pN,[}:zzincluded in (13)
fort=4andt=1.

18 Other variables affecting child health that are excluded from (13) include fixed health productivity shifters, 4, and child health
endowment, Hy,



41

THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

the conceptual framework that in each period health inputs are chosen and implemented
prior to the realisation of shocks in the same period. Nevertheless, it is likely that it holds
even in the absence of this assumption, considering that, by construction, the expenditure on
child health to be controlled for in conditional demand functions is that incurred prior to the
shock, as expenditure after the shock is expected to adjust to the change in child health
resulting from the shock, and this adjustment is part of the total effect of the change in child
health as suggested by the last term in (10a). Therefore, shocks are expected to be
uncorrelated with expenditure on child health in periods before the shock, as the shock was
unanticipated at the time of the determination of child health investments in these periods.
Note, however, that if health productivity shocks do not affect non-child health expenditure
incurred after the shock only through their impact on child health they are not expected to be
valid instruments for child health. IV estimation is expected also to address endogeneity of
child nutrition in equations (E.1), (E.2), and (E.3) arising from random measurement error in
child’s height-for-age that may be either due to imprecise measurement of child’s height, age,
and gender, or due to genetic and environmental factors that affect height but are
independent of child’s nutrition (Glewwe et al. 2001).19

Data, descriptive statistics, and
iInstruments for child nutrition
across periods

Dependent and independent variables

The data used in the analysis are collected as part of Young Lives, an international cohort
study in Ethiopia, India (Andhra Pradesh and Telangana), Peru, and Vietnam. Young Lives
follows around 12,000 children in two cohorts: around 2,000 children in each country born in
2001/02 (Younger Cohort) and around 1,000 children in each country born in 1994/95 (Older
Cohort). Young Lives has conducted four rounds of data collection, in 2002, 2006, 2009, and
in 2013. The analysis here uses data on the Younger Cohort children for the four survey
rounds, including information on children at ages 1, 5, 8, and 12. Because the data does not
include information on children at age 2, the periods considered in the empirical analysis
deviate somewhat from those in the conceptual framework. Nevertheless, in the following
sections we show that this does not affect the inferences drawn from the data analysis on
whether the period from conception to age 2 is a critical period for nutritional investments.

19 Another source of bias arises if parental investments in child health and cognitive skills respond to variation in height due to
factors unrelated to nutrition (see Dercon and Sanchez 2013 and Scholder et al. 2013). This bias is hard to address, as in this
case height is no longer a valid indication for nutrition (Wooldridge 2002). There is also the case, discussed in Glewwe et al.
(2001), where genetic variation in height is linked to variation in cognitive functioning. In this case, using shocks directly
related to nutrition as instruments for height-for-age could address this bias. Moreover, as highlighted by Glewwe and King
(2001), there is also the case of non-random measurement error in child’s height stemming from the fact that differences in
height may not reflect differences in some micronutrients, suggesting that the measurement error is correlated with the
unobserved true measure that is child nutritional status. Although IV cannot address the latter bias, this non-random
measurement error will lead to the same bias in coefficient estimates of child growth across periods and thus it is not expected
to affect estimates of the relative impact of nutrition across periods on cognitive skills.

17
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The Young Lives data include rich information on household, parental, and community
characteristics as well as detailed information on child characteristics and outcomes,
including child anthropometry and cognitive achievement that are assessed using the same
instruments across the four countries (see Barnett et al. 2012 and Petrou and Kupek 2010 for
details of Young Lives sampling and data collection).

Cognitive development of children at age 12 was assessed using the Peabody Picture
Vocabulary Test (PPVT), a test of receptive vocabulary that has been widely used as a test
of verbal ability in many settings (Rosenzweig and Wolpin 1994; Paxson and Schady 2007),
and a mathematics achievement test (MATH henceforth) used as a test of quantitative ability
(Cueto and Leon 2012). Because of differences in the native language of children in each
country sample, particularly in Ethiopia and to a lesser extent in Peru, the tests were
administered in different languages. As suggested by Cueto and Leon (2012), PPVT scores
are not meant to be comparable across countries and within country across languages,
whereas MATH scores are comparable only across children within country.

Tables 1 and 2 present descriptive statistics of child, household, and community
characteristics across rounds. The sample is restricted to children with non-missing
information on PPVT and MATH in Round 4, and with no missing or extreme values of HAZ
(all values less than -6 or greater than 6 according to WHO standards) in Rounds 1, 2, and 3.
The sample in Ethiopia is relatively smaller than in the other countries because tests in Round
4 were mostly administered to children speaking the prevalent ethnic languages in the sample
(Amharic, Oromo, Tigrignan). In order to maximise the sample used in estimation, | imputed
the values of all variables except of key outcomes, causing variables, and instrumental
variables with the sample mean of non-missing values. The number of missing values across
all variables for which imputation was performed does not exceed 5 per cent of the sample.

Descriptive statistics of child and household characteristics across countries

Varible 1 eiiopia | india | Pera | Vietam |

PPVT score (% correct) in Round 4 71.65 76.22 68.77 77.02
(14.88) (13.33) (13.94) (10.49)

MATH score (% correct) in Round 4 38.91 44.16 55.83 48.05
(21.59) (22.76) (18.86) (16.76)

Tests administered in native 0.98 0.92 0.99 0.92
language (0.13) (0.27) (0.12) (0.27)
Height-for-age Z-score (HAZ) in -1.45 -1.29 -1.27 -1.12
RouE (1.83) (1.47) (1.27) (1.22)
HAZ in Round 2 -1.33 -1.62 -1.52 -1.34
(1.07) (0.97) (1.09) (1.01)

HAZ in Round 3 -1.06 -1.42 -1.14 -1.09
(1.07) (1.02) (1.03) (1.05)

Male 0.53 0.54 0.51 0.51
(0.50) (0.50) (0.50) (0.50)

First-born 0.25 0.39 0.37 0.46
(0.44) (0.49) (0.48) (0.50)

Caregiver’s age at child’s birth 28.21 22.97 26.93 27.82
(vears) 9.21) (5.42) (8.05) (8.62)
Caregiver’s education (years) 3.14 3.77 7.72 6.90
(3.89) (4.45) (4.48) (3.94)

Father's education (years) 5.21 5.72 9.12 7.73
(4.37) (5.03) (3.82) (3.88)
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Varisbie T Euiopia | india | pers | Viewam |

Household’s wealth index in Round 1 0.24 0.41 0.43 0.44
(0.17) (0.20) (0.24) (0.21)
Cognitive skills inputs in Round 3
Expenditure on child’s education in 16.41 211.06 BER[S 79.64
e [ 2 e i (39.78) (282.49) (52.02) (176.75)
Hours spent on a typical day in 6.51 9.60 7.90 7.88
school and studying (2.69) (1.39) (1.28) (1.62)
Primary school entry age (months) 87.23 68.00 74.04 73.29
(14.91) (11.78) (5.26) (6.97)
Nutrition inputs in Round 3
Expenditure on child’s health in the 2.39 89.68 3.88 36.74
2 e (12.07) (232.32) (14.06) (96.12)
Child’s dietary diversity score in the 5.09 6.45 9.00 7.80
last 24 hours (1.81) (1.63) (1.83) (2.29)
Number of meals consumed by the 3.97 4.86 4.88 4.35
child in the last 24 hours (0.68) (1.10) (0.88) (1.08)
Number of observations 1403 1806 1805 1805

Notes: Figures are averages with standard deviations in parentheses. Sample is restricted to children with no missing
observations in PPVT and MATH in Round 4 and no missing or extreme values (less than -6 or greater than 6) of HAZ in Rounds 1,
2, and 3. The wealth index takes values from 0 and 1 and combines information on items related to housing quality, household’s
access to services, and ownership of consumer durables. Expenditure on child’s education and health is in national currency
units. Expenditure on child’s education in the last 12 months includes expenditure on child’s school uniform, school fees, tuition,
books and stationery, and transport to school, whereas expenditure on child’s health in the last 12 months includes expenditure
on medical consultation, treatment, and medication. The dietary diversity score is the number of different food groups consumed
by the child in the last 24 hours, out of 17 groups in total.

Cognitive skills inputs measures, presented in Table 1, include hours spent in school and
studying on a typical day at 8 years old, the age the child was enrolled in school that can
provide an indication of how long the child has been attending school, and expenditure on
child’s education, that includes expenditure on school uniform, school fees, tuition, books and
stationery, and transport to school in the 12 months prior to Round 3 of the survey. Nutrition
inputs measures include the number of meals consumed by the child, the dietary diversity
score of the child in the last 24 hours and expenditure on child’s health, as reported in Round
3. The dietary diversity score is the number of different food groups consumed by the child in
the last 24 hours, out of 17 food groups in total (see Humphries et al. 2015 for details), that is
a well-validated measure of the macro- and micro-nutrient adequacy (Ruel 2002; FAO 2007).
Expenditure on child’s health includes expenditure on medical consultation, treatment, and
medication in the 12 months prior to Round 3 of the survey.

Table 1 includes averages of HAZ scores at age 1, 5, and 8 across countries that indicate
that child height is on average at least one standard deviation below that of the WHO
reference in all countries and rounds. This suggests that undernutrition is highly prevalent
across countries and over time. Nevertheless, there is also an indication that the prevalence
of undernutrition is changing with children’s age. In particular, the average growth deficit
increases between 1 and 5 years old, except for Ethiopia, and falls between ages 5 and 8 in
all countries. Moreover, the gender composition of the sample was balanced in all countries
and children in Ethiopia were, on average, more likely to have older siblings than children in
the other countries. Furthermore, caregivers are younger in India compared to the other
countries, where the average caregiver’s age at child’s birth is 23 years and parental
education was the highest in Peru, followed by Vietnam and India and was the lowest for the
Ethiopian sample. Table 1 also includes summary statistics of the household’s wealth index,
a composite variable combining information on housing quality, access to services, and
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consumer durables (Filmer and Pritchett 2001; see also Woldehanna et al. 2011 for details of
the components and methodology used to compute the wealth index in the Young Lives
data), that is used as a measure of assets at the beginning of period 1, A,.

Descriptive statistics of community characteristics across countries

Varisble " Eihiopia | ndia | Pers | Vietam |

Urban in Round 1 0.46 0.25 0.74 0.19

(0.50) (0.43) (0.44) (0.39)
Number of preschools in 1.00 2.60 219 1.38
ROUITE 2 (1.00) (1.76) (0.80) (0.70)
Number of schools in Round 3 5.62 7.30 1.15 6.14

(1.60) (3.32) (0.69) (3.34)
Number of schools in Round 4 3.89 2.51 2.88 4.06

(2.21) (1.89) (1.90) (2.61)
Hospital in Round 1 0.66 0.38 0.52 0.98

(0.47) (0.49) (0.50) (0.13)
Hospital in Round 2 0.51 0.42 0.58 0.98

(0.50) (0.49) (0.49) (0.14)
Hospital in Round 3 0.65 0.36 0.55 0.89

(0.48) (0.48) (0.50) (0.32)
Hospital in Round 4 0.81 0.67 0.56 0.97

(0.39) (0.47) (0.50) (0.16)
Disease environment index in 0.57 0.69 0.66 0.54
Round 1 (0.19) (0.17) (0.18) (0.17)
Disease environment index in 0.68 0.72 0.70 0.56
R 2 0.11) (0.16) (0.20) (0.18)
Disease environment index in 0.56 0.67 0.73 0.57
Round 3 (0.19) (0.21) (0.21) (0.16)
Disease environment index in 0.44 0.54 0.69 0.63
REwE 2 (0.22) (0.21) 0.17) (0.28)
Number of credit-providing 2.09 2.52 1.54 2.70
institutions in Round 1 (1.11) (0.92) (1.21) (1.11)
Community 'rainfall shock -24.56 -7.33 -20.40 -10.99
E{gm%e;‘ (th'r'%'s conception and (134.04) (117.55) (140.25) (249.96)
Community rainfall shock 19.49 -20.85 -26.31 -53.79
between Round 1 and 2 (241.17) (214.87) (178.98) (575.92)
Community rainfall shock -46.57 3.17 14.96 34.86
i R 2 a8 (108.11) (325.18) (85.01) (1049.87)
Community ;emperature ‘shock -1.36 -0.22 0.89 0.30
B‘;B“r’%e;‘ (ng')d s conception and (2.13) (2.39) (6.28) (4.79)
Community temperature shock 1.00 -0.53 2.64 1.99
between Round 1 and 2 (2.24) (9.82) (13.69) (13.39)
Community temperature shock -2.22 -1.64 -3.57 1.87
between Round 2 and 3 (5.53) (8.25) (13.49) (8.95)
Number of observations 1403 1806 1805 1805

Notes: Figures are averages with standard deviations in parentheses. Sample is restricted to children with no missing
observations in PPVT and MATH in Round 4 and no missing or extreme values (less than -6 or greater than 6) of HAZ in Rounds 1,
2, and 3. The disease environment index takes values between 0 and 1 and combines information on items related to air and
water pollution, access to drinking water and sanitation, and method of garbage collection in the community (see Table A2 for
details). Community rainfall and temperature shocks at each period are deviations from the community, season, and year-specific
level, calculated by aggregating, over the period, the residuals from a regression of the level of distance-weighted monthly total
precipitation and average temperature on community/calendar month and year fixed effects for the period between 1950-2014
using the Global Climate Database of the University of Delaware (Willmott and Matsuura 2012).
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Table 2 includes information on community characteristics, used as measures of the aspects
of the local environment considered in the conditional demand function for cognitive skills in
(13). In particular, this information includes the number of pre-schools in the locality in 2006
when children were on average 5 years old, and of schools when children were 8 and 12,
that are used as proxies of the local school environment, S,20 and whether there is a hospital
in the community in each round, in order to measure an aspect of the local disease
environment, D. | also constructed a community disease environment index, as another
measure of the local disease environment, that combines information on different aspects of
the level of hygiene in the community, such as pollution and method of garbage collection
(see Table A2 for details). Moreover, | used information on the number of credit-providing
institutions in the locality in Round 1 to construct a proxy of the local interest rate, r. Finally, |
used information on local prices of a range of items and wages to calculate price indices for
health inputs, py (food and medication), cognitive skills inputs p, (school items), and other
consumption items, p., and a wage index, w, for all four periods (see Appendix, Tables A1
and A2 for descriptive statistics of all prices and wages and details of how indices were
calculated).

Weather data and instruments for child nutrition across periods

My analysis uses rainfall and temperature deviations from the community season-specific
norm from child’s conception to Round 3 as instruments for child growth in each period.21 In
particular, precipitation and temperature data from the Global Climate Database of the
University of Delaware (UDEL) (Willmott and Matsuura 2012) were matched to the
communities where the children were residing in each round using information on the
geographical coordinates of the communities. The UDEL data include information on monthly
average temperature and total precipitation and have spatial resolution of 0.5x0.5 degrees
that corresponds roughly to grids that are 35 miles across at the equator. The datasets use
interpolation across space and time to combine available weather station data into a
balanced panel of observations on a fixed scale or grid. Each grid approximates a weather
measure for the spatial unit by interpolating the daily station data while accounting for
elevation, wind direction, rain shadows, and many other factors. In this way, the data deal
with one important problem posed by ground station data used in several studies arising from
incomplete coverage that may lead to measurement error, particularly in poor countries or
areas with sparse population density (Auffhamer et al. 2013). Moreover, detailed cross-
validation checks of the quality of interpolation ensure that measurement error is minimised,
although not eliminated.

| used the UDEL data to calculate monthly total precipitation and average temperature for
each community in the Young Lives survey over the period 1950-2014 as distance-weighted
averages of precipitation and rainfall levels in the four nearest grid nodes. | then calculated
monthly deviations of weather conditions from the locality and season norm by obtaining the
residuals from a regression of the monthly level of precipitation and temperature on
locality/calendar month and year fixed effects. In this way, | purged rainfall and temperature

20 Information on the school infrastructure in Round 1, when children were on average around 12 months old, was not included,
as the children were not expected to be either in preschool or school at this age.

21 As discussed earlier, other potential instruments for child growth include food and medication prices and aspects of the local
disease environment. Nevertheless, these are not expected to be valid if one does not control for non-child health expenditure;
that is not possible in my case, as the Young Lives data do not include information on household expenditure and expenditure
on child health in Round 1 needed to construct measures of child non-health expenditure in each period.
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variation from locality, seasonality, and aggregate fixed effects that may be also correlated
with child cognition. These residuals were then aggregated over different periods of each
child’s life using information of the child’s date of birth to produce measures of weather
shocks during these periods.

The rationale for using weather shocks as instruments for child growth is based on evidence
that weather deviations from the norm are linked to changes in the prevalence of infectious
diseases in the locality that are among the major causes of undernutrition and stunting for
children in poor contexts (Skoufias and Vinha 2012). In this way, weather shocks provide a
direct measure of health productivity shocks, u, identified as potential instruments for child’s
nutritional status in each period in the previous section, because, through influencing the
incidence of infectious diseases, weather shocks impact on the productivity of nutrition inputs
by affecting the extent of absorption of nutrients from the body (Fischer Walker et al. 2012).
The link between weather variation and disease prevalence is expected to be the case in all
areas (rural and urban) with poor public health infrastructure and level of hygiene.

According to Skoufias and Vinha (2012), although, on average, and ruling out extreme
conditions, higher precipitation and temperature are likely to lead to an increase in the
prevalence of diarrheal diseases and thus growth faltering, in general, the direction of the
relationship between weather variation and disease prevalence depends on local climate
characteristics as well as child and household characteristics. Nevertheless, if the hypothesis
that the first 1,000 days is a critical period for nutritional investments holds, then weather
shocks are not expected to be relevant instruments for child growth after the age of 2.
Therefore, investigating the responsiveness of child growth to rainfall and temperature
shocks realised after the age of 2 provides a direct test of the validity of the hypothesis that
the first 1,000 days since conception is a critical period for child nutrition.

A potential concern related to the validity of weather shocks as instruments for child growth,
is that, although they may be exogenous to the household’s decision-making problem and
plausibly unanticipated by the household, it is likely that they impact child cognitive skills also
through other channels than child growth. In particular, in rural areas, weather shocks may
impact child cognitive development through an income channel, as weather variation is
strongly linked to agricultural productivity and rural income (Dell et al. 2014). | address this
concern in two ways: first, by controlling for household income (wealth index in Round 1) and
local economic conditions such as local prices and wages in all periods in estimation; and
second, by measuring shocks as marginal and not extreme deviations from normal
conditions. Based on Confalonieri et al. (2007), a slight change in precipitation or
temperature could render previously uninhabitable areas suitable for a particular parasitic
and infectious species, whereas it expected to have only minor economic implications, if any.
Another potential threat to the validity of instrumental variables (V) estimation using weather
shocks as instruments for child growth could be that infectious diseases impact cognition
directly and over and above their effect manifesting through child nutrition. Existing evidence,
however, does not seem to provide support to this hypothesis. To the contrary, Fischer
Walker et al. (2012) find that diarrhoea influences cognition only through the diarrhoea-
stunting pathway. Finally, Prendegast et al. (2014) argue that the effects of diarrhoea on
growth may be short term, which implies that the impact of a weather shock on child growth
operating through the disease channel is expected to impact child growth in the period
immediately following the shock, but not in later periods.
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Rainfall and temperature shocks averages and standard deviations across countries and
periods, reported in Table 2, indicate significant differences across countries in each period
and substantial variation in weather conditions across communities within each country.

Results

The impact of weather shocks at different stages of childhood on
child growth through middle childhood

Estimation of equations (E.1), (E.2), and (E.3) using weather shocks as instruments for child
growth across periods by 2SLS requires first an investigation of the relationship between
weather shocks and child growth. In all models, height-for-age at each round was measured
in centimetres rather than standard deviations of the WHO reference distribution, for two
reasons. First, because the standard deviation of the WHO reference distribution does not
offer the correct measure for the interpretation of the effects identified, as all effects are to be
interpreted as impacts of relative growth (change in height relative to the reference child),
whereas the standard deviation is that of the height distribution that is the same as the
growth distribution only for height-for-age in Round 1 that measures growth from conception
to Round 1. Second, using HAZ would not allow comparisons of the magnitude of the effects
of growth across periods on achievement, as standard deviations differ across ages, and in
particular, are increasing with age (Leroy et al. 2013).

In the case of 2SLS estimation, there is a different set of potential instruments for child
growth in each period depending on how the periods before the first measurement and
between consecutive measurements are partitioned. This involves a trade-off, as on the one
hand considering shocks during the full periods may minimise weak identification concerns
arising from a large number of instruments some of which may be weakly correlated with the
endogenous variables; on the other hand, measures of shocks over long periods may dilute
the signal in shorter periods that may be predictive of growth and thus also lead to inefficient
estimation and weak identification. In order to strike the right balance between these two
extremes, | considered as instruments for the three periods of growth of interest for the
analysis, rainfall and temperature deviations from the locality/season and year normal levels
over a different set of sub-periods and selected among the non-redundant instruments as
identified by an LM test of instruments’ redundancy (Breusch et al. 1999), those that predict
most strongly the endogenous variable (those that most strongly reject the null that the
instruments are redundant). Figure 1 illustrates the full period and different sub-periods over
which weather shocks were considered as instruments for child growth, and Table 3 presents
the instruments identified by this procedure for height-for-age in each round and country.
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Figure 1.

Different periods before child’s conception through Round 3 over which

rainfall and temperature shocks were considered as instruments for height-
for-age in each round
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Notes: The period from birth to Round 1 was not partitioned further, as some children were younger than 6 months old at recruitment in Round 1. Residual
periods differ across children due to differences in the dates of interview across children withn and across countries.

Table 3.

Height-for-age
Round 1

Height-for-age
Round 2

Height-for-age
Round 3

Temperature shock
during the second half
of the first year after
birth

Rainfall shock
between three years
after Round 1 and
Round 2

Rainfall shock in the
seventh year after
birth respectively

Temperature shock
during the second half
of the second year
after birth,

and its square

Rainfall shock
between three years
after Round 1 and
Round 2

temperature shock in
the second half of the
second year after the
completion of 1,000
days since
conception,

and rainfall shock in
the second half of the
fifth year after birth

Temperature shock in
the first half of the
second year after
Round 2

Rainfall shock one
year before
conception

Temperature shock in
the first half of the
second year after
completion of 1,000
days since
conception

Temperature shock
between two years
after Round 2 and
Round 3

Selected instruments for child growth in each period across countries

Just-identified Over-identified Just-identified

Over-identified

Temperature shock
one year before
conception,

temperature shock in
the third trimester of
pregnancy

Rainfall shock in the
seventh year after
birth
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Just-identified Over-identified Just-identified Over-identified
ke | Vemm |

Rainfall shock during
the first trimester of
pregnancy

Height-for-age
Round 1

Rainfall shock during
the second trimester
of pregnancy

Temperature shock
one year before
conception

Temperature shock
one year before
conception and its
square

Height-for-age Temperature shock in  Temperature shock in  Rainfall shock in the Rainfall shock in the

the second half of the

REUe|Z fifth year after birth

the second half of the
fifth year after birth,
and rainfall shock in
the first half of the
sixth year after birth

first half of the second
year after Round 1

first half of the second
year after Round 1,
and temperature
shock in the second
half of the third year

after Round 1

Rainfall shock in the
first half of the first
year after Round 2

Rainfall shock in the
first half of the sixth
year after birth

Rainfall shock in the
eighth year after birth

Height-for-age
Round 3

Temperature shock
in the second half of
the first year after
Round 2

Notes: Instruments selected in the over-identified case include those listed under the just-identified case.

Estimates of the impact of the most predictive weather shocks (those presented in the just-
identified columns of Table 3) and growth in each period are presented in Table 4. In
particular, the first and third columns of the top and bottom panel of Table 4 present the first-
stage results of 2SLS estimation of equation (E.1), whereas the other columns present
results from a regression of height-for-age in Round 2 and 3 on the most predictive weather
shock in the period between Rounds 1 and 2 and Rounds 2 and 3 respectively, height-for-
age in the previous round, and all exogenous variables in the structural equations (E.2) and
(E.3) respectively.22 Coefficient estimates and partial F-statistics presented in Table 4
indicate that weather shocks across different periods have a significant effect and strongly
explain variations in child growth in these periods across countries. Since weather shocks
between Rounds 2 and 3, when all children were around 5 and 8 years old, and the relevant
weather shocks for height-for-age in Round 2, as suggested by Table 3, are realised in a
period during which children in all countries were older than 1,000 days (24 months),23 these
results seem to cast doubt to the hypothesis that child (relative) growth and nutritional status
are determined during the first 1,000 days since conception and remain fixed thereafter.
Nevertheless, a comparison of the partial F-statistics from the regressions of growth on the
selected weather shock in each period, suggests that, on average, growth in early years is
more responsive to weather shocks than later years.

22 These regressions slightly deviate from the independent first stage regressions for height-for-age in Rounds 2 and 3 of the
2SLS estimation of (E.2) and (E.3), as they include height-for-age in the previous period and only the relevant instrument
(weather shock in the period just preceding height measurement) for height-for-age in Rounds 2 and 3. This is because the
main purpose is to assess the direction and magnitude of the association between the relevant instrument and growth (not
height) in these periods, but also because, in the case of (E.2) and (E.3), where there is more than one endogenous variable,
the independent first-stages results provide necessary but sufficient conditions for identification (Shea 1997; Stock et al. 2002).

23 The only exception is Vietham, where 50 per cent of the sample were younger than 24 months old during the period the rainfall
shock considered has realised (the first six months a year after Round 1). Nevertheless, restricting the “first-stage” regression
sample to include only children older than 24 months old produced similar results to those in the full sample.
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Impact of weather shocks on child growth at different periods of life across
countries

Height-for- Height-for- Height-for- Height-for- Height-for- Height-for-
age Round 1 | age Round 2 | age Round 3 | age Round 1 [ age Round 2 | age Round 3

Weather shock 0.578 -0.004***

before Round 1 (0.067) (0.001)

Weather shock 0.025*** 0.184***

between Round 1

and 2 (0.006) (0.060)

Weather shock 0.007*** -0.276***
between Round 2

and 3 (0.002) (0.083)
R-squared 0.18 0.27 0.46 0.13 0.37 0.62
Partial F statistic 56.17 14.94 11.04 25.01 9.13 10.84
Observations 1403 1403 1403 1806 1806 1806

Vietnam

Height-for- Height-for- Height-for- Height-for- Height-for- Height-for-
age Round 1 | age Round 2 | age Round 3 | age Round 1 | age Round 2 | age Round 3

Weather shock 0.011*** 0.358***

before Round 1 (0.002) (0.052)

Weather shock -0.165*** -0.005***

between Round 1

and 2 (0.030) (0.001)

Weather shock 0.004*** 0.336***
between Round 2

and 3 (0.002) (0.074)
R-squared 0.23 0.49 0.67 0.20 0.57 0.70
Partial F statistic 35.86 29.01 8.64 46.68 13.5 20.35
Observations 1805 1805 1805 1805 1805 1805

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. Height-for-age is
measured as the difference of the child’s height from the WHO reference child of the same monthly age and gender in
centimetres. The partial F statistic is the Kleibergen-Paap rk Wald F statistic of the first-stage of 2SLS estimation of the impact of
height-for-age on PPVT score implemented separately for each period using as an instrument for height-for-age the relevant to the
period weather shock. Weather shocks before Round 1, between Rounds 1 and 2, and Rounds 2 and 3 in each country are those
presented in the just-identified column of Table 3. The full set of controls included in each specification and results are in Tables
A3 and A4.

The direction of the impact of weather shocks on growth, however, is not the same in all
periods and countries, and in most of the cases suggests a positive relationship between
precipitation and temperature shocks and child growth. This is consistent with the hypothesis
that the impact of weather shocks on child growth manifesting through a disease prevalence
channel is heterogeneous and depends on locality, child, and household characteristics
(Vinha and Skoufias 2012). In order to test this hypothesis, | estimated, separately for the
urban and rural sub-samples across countries, the first-stage regression for height-for-age in
Round 1 and a regression of whether the child has suffered from an infectious illness before
Round 1, as reported by the child’s caregiver in Round 1, on the relevant weather shock and
other controls.24 Estimation results from these regressions across countries, reported in
Table 5, suggest that the direction of the impact of weather shocks on the incidence of
infectious disease in both urban and rural areas across countries is always in the opposite

24 The reason | investigated this only for height-for-age in Round 1 is that this is the only round when there is information on
whether the child has suffered from infectious illness at some point before the survey. Children who had an infectious illness
are those for whom the caregiver reported that the child suffered from high fever, malaria, diarrhoea, stomach ache,
tuberculosis, or hepatitis.
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direction of that on child growth.25 Moreover, results suggest that weather shocks have a
significant impact on child growth in urban areas across countries, where disease prevalence
is expected to be the only relevant mechanism linking weather variations and child growth.
These results together seem to be consistent with the hypothesis that the impact of weather
shocks on child growth manifests through the impact of shocks on disease prevalence and
thus that the heterogeneous impacts of weather shocks on child growth across countries and
rounds reflect heterogeneous impacts of weather shocks on disease prevalence.26

Impact of weather shocks on child growth and the incidence of child illness
through Round 1 in urban and rural communities across countries

Height-for-age in Round 1 Child iliness before Round 1
U [ Rwal | Uben | Rwa

Ethiopia

Weather shock before Round 1 0.651*** 0.450*** -0.019* -0.031**
(0.101) (0.087) (0.011) (0.009)

R-squared 0.24 0.18 0.09 0.08

Partial F statistic 32.22 25.11

Observations 648 755 648 755

India

Weather shock before Round 1 -0.007*** -0.004*** 0.001 0.001
(0.002) (0.001) (0.001) (0.001)

R-squared 0.17 0.14 0.13 0.06

Partial F statistic 17.60 14.68

Observations 449 1357 449 1357

Peru

Weather shock before Round 1 0.010*** 0.011*** -0.001 -0.001
(0.002) (0.004) (0.001) (0.001)

R-squared 0.17 0.25 0.04 0.10

Partial F statistic 27.88 6.87

Observations 1337 468 1337 468

Vietham

Weather shock before Round 1 0.264** 0.419*** -0.016** -0.010**
(0.113) (0.060) (0.008) (0.005)

R-squared 0.27 0.18 0.13 0.10

Partial F statistic 4.95 47.35

Observations 342 1463 342 1463

ek

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. Height-for-age is
measured as the difference of the child’s height from the WHO reference child of the same monthly age and gender in
centimetres. Child illness is defined as the situation where the caregiver reported that the child suffered from high fever, malaria,
diarrhoea, stomach ache, tuberculosis, or hepatitis at some point before the Round 1 interview. The partial F statistic is the
Kleibergen-Paap rk Wald F statistic of the first-stage of 2SLS estimation of the impact of height-for-age in Round 1 on PPVT score
using as an instrument for height-for-age the weather shock before Round 1. Weather shocks before Round 1 in each country are
those presented in the row for height-for-age in Round 1 and the just-identified column of Table 3. The full set of controls included
in each specification are in Tables A3 and A4. Full set of results available on request.

25 Results suggest that, in India and Peru, although weather shock has an insignificant impact on the incidence of infectious
disease in both rural and urban areas, its impact on child growth is significant. A potential explanation of this is recall or
misreporting error in caregivers’ responses.

26 Potential explanations of heterogeneous effects of weather shocks on child illness and growth include heterogeneous parental
health investment responses to the shock (i.e. compensating versus reinforcing), or that the variation in one weather indicator
(e.g. rainfall) also reflects the impact of unobserved indicators, such as relative humidity, solar radiation, wind speed and
direction, that are strongly correlated with the observed indicator, and may also affect heterogeneously disease prevalence
and through that child nutrition (Auffhammer et al. 2013).
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The impact of child nutrition at different stages of childhood on
cognitive achievement in early adolescence

Tables 6 and 7 present coefficient estimates of nutrition measures at age 1, 5, and 8
produced from the estimation of equations (E.1), (E.2), and (E.3) respectively by OLS and
2SLS. Dependent variables used in estimation are (monthly) age-standardised test scores.
OLS estimates of the total effect of growth across periods on PPVT and MATH presented in
Tables 6 and 7 indicate that achievement scores are positively and significantly associated
with growth between conception and Round 1 across countries, whereas they are positively
and associated in almost half of the cases with growth between Rounds 1 and 2, and in most
of the cases with growth between Rounds 2 and 3 (see Tables A5-A12 for the full results).

Impact of child growth at different stages of childhood on PPVT score at age
12 across countries

Height-for-age Round 1 0.017** 0.042** 0.015*** 0.035 0.012** 0.011
(0.004) (0.021) (0.005) (0.022) (0.005) (0.018)
Height-for-age Round 2 0.006 0.084* -0.003 0.068
(0.004) (0.049) (0.005) (0.058)
Height-for-age Round 3 0.014*** 0.023
(0.004) (0.051)
R-squared 0.51 0.51 0.50
Kleibergen-Paap F statistic 56.18 7.38 3.40
Stock and Yogo critical value 16.38 7.03
Observations 1403 1403 1403 1403 1403 1403
. nda
_
Height-for-age Round 1 0.037*** 0.052 0.033*** 0.130* 0.031*** 0.076
(0.005) (0.052) (0.007) (0.076) (0.007) (0.113)
Height-for-age Round 2 0.005 -0.095 -0.004 -0.188*
(0.006) (0.083) (0.007) (0.108)
Height-for-age Round 3 0.010** 0.162
(0.005) (0.104)
R-squared 0.28 0.28 0.27
Kleibergen-Paap F statistic 25.02 3.99 1.83
Stock and Yogo critical value 16.38 7.03
Observations 1806 1806 1806 1806 1806 1806

Height-for-age Round 1 0.021** 0.067 0.005 -0.065* 0.001 -0.045
(0.006) (0.044) (0.007) (0.036) (0.007) (0.040)
Height-for-age Round 2 0.021** 0.160*** 0.015** 0.229**
(0.005) (0.061) (0.006) (0.116)
Height-for-age Round 3 0.009* -0.121
(0.005) (0.103)
R-squared 0.42 0.43 0.449
Kleibergen-Paap F statistic 35.86 6.29 2.44
Stock and Yogo critical value 16.38 7.03
Observations 1805 1805 1805 1805 1805 1805
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Height-for-age Round 1
Height-for-age Round 2
Height-for-age Round 3
R-squared
Kleibergen-Paap F statistic

Stock and Yogo critical value
Observations

0.025%**
(0.006)

0.36

1805

(0.043)

46.68
16.38
1805

Vietnam
0.023*** 0.159***
(0.008) (0.034)
0.003 -0.099**
(0.006) (0.041)
0.34
11.63
7.03
1805 1805

0.024**

(0.008)
-0.001
(0.007)

0.004

(0.004)

0.34

1805

0.184**

02
(0.051)
0.022
(0.077)
-0.182**
(0.086)

825

1805

Notes: Robust standard errors in parentheses,

ek

significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is

the age-standardised PPVT score. Height-for-age is measured as the difference of the child’s height from the WHO reference child of
the same monthly age and gender in centimetres. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size
distortion. Excluded instruments for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified
column of Table 3. The full set of controls included in each specification and results are in Tables A5 to A8.

Impact of child growth at different stages of childhood on MATH score at age

12 across countries

L = 250 250

Height-for-age Round 1
Height-for-age Round 2
Height-for-age Round 3
R-squared
Kleibergen-Paap F statistic

Stock and Yogo critical value
Observations

0.012*
(0.005)

0.33

1403

-0.012
(0.024)

56.69
16.38
1403

0.010*
(0.006)
0.004
(0.005)

0.33

1403

-0.010
(0.022)
-0.014

(0.048)

7.975
7.03
1403

0.006
(0.006)
-0.006
(0.006)
0.015%*
(0.005)
0.33

1403

0.015
(0.020)
-0.073
(0.066)
0.042
(0.060)

3.538

1403

Height-for-age Round 1
Height-for-age Round 2
Height-for-age Round 3
R-squared
Kleibergen-Paap F statistic

Stock and Yogo critical value
Observations

e

0.252**

0.022+*
(0.006)

0.29

1806

0.116™*

(0.053)

25.02
16.38
1806

0.013*

(0.007)
0.013*

(0.005)

0.28

1806

(0.092)
-0.129
(0.102)

6199
7.03
1806

0.011
(0.007)
0.004
(0.007)
0.010*
(0.006)

0.28

1806

0.188
(0.137)
-0.249*
(0.130)
0.192
(0.132)

1.83

1806

I S
e

Height-for-age Round 1
Height-for-age Round 2
Height-for-age Round 3
R-squared
Kleibergen-Paap F statistic

Stock and Yogo critical value
Observations

0.013*
(0.007)

0.28

1805

-0.036
(0.050)

85195
16.38
1805

0.001

(0.008)
0.016***

(0.005)

0.28

1805

-0.031
(0.036)
-0.014

(0.059)

6.34
7.03
1805

0.001
(0.008)
0.016**
(0.006)
0.001
(0.006)
0.27

1805

-0.020
(0.039)
0.017
(0.112)
-0.062
(0.103)

2.44

1805
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Height-for-age Round 1 0.021** 0.123*** 0.020** 0.061 0.021** 0.083*
(0.007) (0.041) (0.009) (0.043) (0.009) (0.050)
Height-for-age Round 2 0.001 -0.195*** -0.010 -0.206**
(0.006) (0.056) (0.009) (0.082)
Height-for-age Round 3 0.012** -0.018
(0.005) (0.090)
R-squared 0.30 0.29 0.29
Kleibergen-Paap F statistic 46.68 11.63 3.25
Stock and Yogo critical value 16.38 7.03
Observations 1805 1805 1805 1805 1805 1805

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is
the age-standardised MATH score. Height-for-age is measured as the difference of the child’s height from the WHO reference child of
the same monthly age and gender in centimetres. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size
distortion. Excluded instruments for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified
column of Table 3. The full set of controls included in each specification and results are in Tables A9 to A12.

2SLS estimates of the total effect of growth across periods and countries on achievement
test scores, using as instruments those listed in the just-identified columns in Table 3,
suggest that the effect of growth from conception to Round 1 on PPVT is positive in all
countries, but significant in Ethiopia and Vietnam, whereas the effect on MATH is positive
and significant in India and Vietnam and negative and insignificant in Ethiopia and Peru.
Moreover, growth between Rounds 1 and 2 has a positive and significant effect on PPVT in
Ethiopia and Peru, but a negative effect on MATH in all countries, that is significant only in
Vietnam, whereas growth between Rounds 2 and 3 has a significant, but negative, effect only
on PPVT in Vietnam. Overall, 2SLS estimates of growth impacts across periods are, in most
cases, much larger in magnitude, in absolute terms, than OLS, and suggest a quite large
impact of growth on cognitive achievement. For example, in Vietnam 1 cm higher growth
than the reference child between conception and Round 1 led to around 12 per cent of
standard deviation increase in MATH in India and Vietnam, whereas 1 cm higher relative
growth between Round 1 and 2 increased PPVT in Peru by 16 per cent of a standard
deviation.

Results in Tables 6 and 7 indicate that Kleibergen-Paap F-statistics decrease markedly in
models with more than one endogenous variable that would be indicative of problems related
to weak instruments, that in turns would render 2SLS estimates in these models unreliable.
Nevertheless, standard weak identification tests based on Stock and Yogo critical values are
not possible in the case of models including height-for-age in the three rounds in Tables 6
and 7, because these are based on just-identified 2SLS estimation for which Stock and Yogo
critical values are not available. Moreover, in the case of models including height-for-age in
Round 1 and 2, although Stock and Yogo critical values are available, weak identification
tests based on these values are likely not to be valid, as these values are predicated on i.i.d.
errors in the reduced form equations (first-stage) (Stock and Yogo 2005), that is not expected
to hold in this case, as the endogenous variables, and thus the errors in the independent
first-stage regressions, are expected to be correlated. Therefore, as weak-identification tests
for the case of non i.i.d. reduced form errors is still a work in progress (Sanderson and
Windmeijer 2015), in order to detect and guard as much as possible against 2SLS problems
related to weak identification, | employ the following strategy suggested by Angrist and
Pichke (2009). First, | report results based on just-identified 2SLS estimation, presented in
Tables 6 and 7, that is expected to deal with IV small sample bias, under weak instruments,
as just-identified 2SLS is median-unbiased. Second, because just-identified 2SLS, although
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unbiased, is still expected to be imprecise and unstable under weak instruments, | also use
additional instruments to that of the just-identified case, that are listed under the over-
identified columns in Table 3 across countries, in order to produce estimates of the
coefficients in (E.1), (E.2), and (E.3) using over-identified 2SLS and the GMM Continuously
Updated Estimator (CUE) (Hansen et al. 1996).

GMM CUE is preferred to the Limited Information Maximum Likelihood (LIML) estimator, that
performs at least as well as all estimators with better small sample properties than 2SLS
under weak instruments, because it is equivalent to LIML under the assumption that errors in
the structural equation are i.i.d., but, unlike LIML, is robust to deviations from this assumption
(that is the case here, as robust standard errors are used in estimation of all models).
According to Angrist and Pischke (2009), marked deviations of over-identified 2SLS from
GMM CUE estimates can be used as a way to detect potential problems in 2SLS estimation
related to weak instruments.

Over-identified 2SLS and GMM CUE estimates of models (E.1), (E.2), and (E.3) for PPVT
and MATH are presented in Tables 6a and 7a respectively. Comparisons of coefficient
estimates based on the two estimators indicate that the two estimators produce very similar
results that in turns limit concerns over 2SLS estimates related to weak identification.2?
Moreover, Hansen J tests of the validity of over-identifying restrictions cannot reject the null
that over-identifying restrictions are valid in all cases. Estimates of the total effects of growth
across periods on PPVT and MATH across countries seem to suggest that, although results
are similar to those of the just-identified case, in several cases, additional identifying
restrictions are more likely to lead to statistically significant estimates. In particular, in
contrast to just-identified 2SLS estimates, over-identified 2SLS estimates are consistent with
a positive and statistically significant effect of growth from conception to Round 1 on PPVT
across all countries, and positive and statistically significant impact of child growth between
Rounds 2 and 3 on PPVT and MATH in India.

2SLS and GMM CUE estimates of the impact of child growth at different
stages of childhood on PPVT score at age 12 across countries

- 2SLS GMM CUE 2SLS GMM CUE 2SLS GMM CUE

Height-for-age 0.033** 0.036" 0.027 0.026 0.011 0.011
Round 1 (0.015) (0.015) (0.019) (0.019) (0.018) (0.018)
Height-for-age 0.094** 0.102% 0.069 0.069
Round 2
(0.039) (0.040) (0.057) (0.057)

Height-for-age 0.016 0.016
Round 3 (0.048) (0.048)
Kieibergen-Paap F 42.22 42.22 5.81 5.81 3.14 3.14
statistic
Stock and Yogo 9.08 6.46 7.56 4.72
critical value
Hansen J-statistic 2.274 2.254 1.223 1.187 0.169 0.169

(0.321) (0.324) (0.542) (0.552) (0.681) (0.681)
Observations 1403 1403 1403 1403 1403 1403

27 Angrist and Pischke (2009) deal with the case of a single endogenous variable and argue that in the case that 2SLS and LIML
estimates are similar then this implies limited concerns with weak instruments, even if first-stage F-statistics are much lower
than conventional levels used to detect weak instruments.
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- 2SLS GMM CUE 2SLS GMM CUE 2SLS GMM CUE

Height-for-age
Round 1

Height-for-age
Round 2

Height-for-age
Round 3

Kleibergen-Paap F
statistic

Stock and Yogo
critical value

Hansen J-statistic

Observations

0.092**
(0.036)

22.29
19.93

1.081
(0.298)
1806

0.093***
(0.036)

22.29
8.68

1.080
(0.299)
1806

0.120*
(0.072)
-0.069

(0.068)

NS
13.43

0.445
(0.505)
1806

0.122*
(0.072)
-0.071

(0.069)

NS
5.44

0.445
(0.505)
1806

0.059
(0.103)
-0.189*
(0.109)
0.176*
(0.096)
1.86

0.0882
(0.767)
1806

0.061
(0.103)
-0.190*
(0.109)
0.177*
(0.096)
1.86

0.0879
(0.767)
1806

- 2SLS GMM CUE 2SLS GMM CUE 2SLS GMM CUE

Height-for-age 0.067"* 0.067"* -0.060* -0.061* -0.043 -0.041
Round 1 (0.033) (0.033) (0.033) (0.034) (0.036) (0.037)
Height-for-age 0.129% 0.133* 0.477* 0.195
R 2 (0.045) (0.045) (0.091) (0.094)
Height-for-age -0.071 -0.086
Round 3 (0.080) (0.082)
Kleibergen-Paap F 32.38 32.38 6.76 6.76 2.51 2.51
statistic
Stock and Yogo 19.93 8.68 13.43 5.44
critical value
Hansen J-statistic 0.001007  0.001007  0.860 0.854 0.810 0.779
(0.998) (0.998) (0.354) (0.355) (0.368) (0.378)
Observations 1805 1805 1805 1805 1805 1805
Height-for-age 0.165%*  0.172% 0157 0.158% 0.220%% 0.223%
R (0.039) (0.040) (0.033) (0.033) (0.051) (0.052)
Height-for-age -0.089** -0.091** 0.016 0.015
Round 2 (0.039) (0.039) (0.074) (0.074)
Height-for-age -0.183* -0.184**
e (0.004) (0.086)
Kleibergen-Paap F 32.32 32.32 9.19 9.19 2.55 2.55
statistic
Stock and Yogo 19.93 8.68 13.43 5.44
critical value
Hansen J-statistic 1.197 1.170 0.457 0.455 0.120 0.120
(0.274) (0.279) (0.499) (0.500) (0.729) (0.729)
Observations 1805 1805 1805 1805 1805 1805

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent
variable is the age-standardised PPVT score. Height-for-age is measured as the difference of the child’s height from the WHO
reference child of the same monthly age and gender in centimetres. The Stock and Yogo critical value for 2SLS and GMM CUE
are those for a 10% maximal 2SLS and LIML test size distortion respectively. Hansen J test p-values in parentheses below Hansen
J statistics. Excluded instruments in specifications including only height-for-age in Round 1 across countries include those in just-
identified and over-identified columns of Table 3. Excluded instruments in specifications including height-for-age in Round 1 and 2
for Ethiopia, Peru, and Vietnam include those in the just-identified column for height-for-age in Round 1 and the just-identified and
over-identified columns of Table 3, and for India those in the just-identified and over-identified column for height-for-age in Round
1 and the just-identified column for height-for-age in Round 2 in Table 3. Excluded instruments in specifications including height-
for-age in Rounds 1, 2, and 3 across countries include those in the just-identified column for height-for-age in Rounds 1 and 2 and
just-identified and over-identified columns for height-for-age in Round 3 in Table 3. The full set of controls included in each
specification is the same as those Tables A5 to A8. Full set of results available on request.
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2SLS and GMM CUE estimates of the impact of child growth at different
stages of childhood on MATH score at age 12 across countries

- 2SLS GMM CUE 2SLS GMM CUE 2SLS GMM CUE

Height-for-age
Round 1

Height-for-age
Round 2

Height-for-age
Round 3

Kleibergen-Paap F
statistic

Stock and Yogo
critical value

Hansen J-statistic

Observations

0.004
(0.018)

41.11
9.08

1.499
(0.473)
1403

0.003
(0.018)

41.11
6.46

1.499
(0.473)
1403

-0.012
(0.019)
-0.011

(0.037)

5.83
7.56

0.0478
(0.976)
1403

-0.012
(0.019)
-0.011

(0.037)

5.83
4.72

0.0478
(0.976)
1403

0.015
(0.021)
-0.074
(0.066)
0.050
(0.057)
3.13

0.229
(0.632)
1403

0.016
(0.021)
-0.078
(0.066)
0.052
(0.057)
3.13

0.228
(0.633)
1403

- 2SLS GMM CUE 2SLS GMM CUE 2SLS GMM CUE

Height-for-age
Round 1

Height-for-age
Round 2

Height-for-age
Round 3

Kleibergen-Paap F
statistic

Stock and Yogo
critical value

Hansen J-statistic

Observations

0.090**
(0.038)

22.29
19.93

0.463
(0.496)
1806

0.093**
(0.038)

22.29
8.68

0.461
(0.497)
1806

0.249%*
(0.089)
-0.121
(0.088)

NS
13.43

0.0240
(0.877)
1806

0.249%*
(0.089)
-0.121
(0.088)

1S}
5.44

0.0239
(0.877)
1806

0.131
(0.119)
-0.254*
(0.131)
0.238**
(0.120)
1.86

0.615
(0.433)
1806

0.129
(0.123)
-0.259*
(0.135)
0.256*
(0.124)
1.86

0.590
(0.433)
1806

| 2ss GMM CUE 2SLS GMM CUE 2SLS GMM CUE

Height-for-age
Round 1

Height-for-age
Round 2

Height-for-age
Round 3

Kleibergen-Paap F
statistic

Stock and Yogo
critical value

Hansen J-statistic

Observations

-0.035
(0.038)

32.26
19.93

0.00194
(0.965)
1805

-0.035
(0.038)

32.38
8.68

0.00194
(0.965)
1805

-0.031
(0.035)
-0.014

(0.047)

6.91
13.43

0.001102
(0.992)
1805

-0.031
(0.035)
-0.014

(0.047)

6.91
5.44

0.001102
(0.992)
1805

-0.020
(0.040)
0.029
(0.094)
-0.073
(0.084)

2.50

0.0348
(0.852)
1805

-0.020
(0.040)
0.029
(0.094)
-0.073
(0.084)

2.50

0.0348
(0.852)
1805
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Height-for-age 0.120%*  0.120*** 0.058 0.059 0.083 0.084

Round 1 (0.035) (0.035) (0.042) (0.042) (0.052) (0.054)

Height-for-age 0.181% -0.183*** -0.225%* 0,228

Round 2 (0.050) (0.051) (0.084) (0.086)

Height-for-age -0.021 -0.032

Round 3 (0.094) (0.097)

Kleibergen-Paap F 32.32 32.32 9.19 9.19 2.55 2.55

statistic

Stock and Yogo 19.93 8.68 13.43 5.44

critical value

Hansen J-statistic 0.0266 0.0266 0.467 0.466 0.956 0.926
(0.870) (0.870) (0.494) (0.495) (0.328) (0.336)

Observations 1805 1805 1805 1805 1805 1805

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent
variable is the age-standardised MATH score. Height-for-age is measured as the difference of the child’s height from the WHO
reference child of the same monthly age and gender in centimetres. The Stock and Yogo critical value for 2SLS and GMM CUE
are those for a 10% maximal 2SLS and LIML test size distortion respectively. Hansen J test p-values in parentheses below Hansen
J statistics. Excluded instruments in specifications including height-for-age in Rounds 1, 2, and 3 across countries include those in
the just-identified column for height-for-age in Rounds 1 and 2 and just-identified and over-identified columns for height-for-age in
Round 3 in Table 3. The full set of controls included in each specification is the same as those in Tables A9 to A12. Full set of
results available on request.

Moreover, based on 2SLS estimates presented in Tables 6, 6a, 7, and 7a, there is a marked
change in the coefficients of height-for-age in Round 1 and 2 after conditioning for height-for-
age in subsequent rounds. For example, a comparison of the 2SLS estimated coefficients of
height-for-age in Round 1 in the second, fourth, and sixth column of Table 6a for Ethiopia,
suggests that 66 per cent of the total effect of growth between conception and Round 1 on
PPVT at age 12 manifests through growth in subsequent periods. This supports that the
causal link between early nutrition and later cognitive development is partly mediated through
biological or behavioural mechanisms linking nutrition in later periods with cognition.

Finally, another concern in estimation may arise from bias due to sample selection resulting
from attrition or missing values in PPVT or MATH at age 12, or height in Rounds 1, 2, and 3.
A simple way to investigate this is to test whether sample selection is correlated with child
growth that is the key causing variable in my case, as according to Greene (2007), a
sufficient condition for OLS estimates to be unbiased under sample selection is that sample
selection, conditional on other factors that are taken into account in estimation, is
uncorrelated with the key causing variable or the outcome in the structural equation. In order
to investigate this, | regressed an indicator of whether an observation is included in
estimation on dummies constructed based on caregiver’s perceptions of the size of the child
at birth and child’s height relative to other children of the same age reported in Round 1 and
other controls. These two subjective indicators of child’s size were chosen because, in
contrast to child height, they are available for the full sample across countries and are valid
proxies for child’s growth as they are strongly and positively correlated with child height-for-
age in Round 1. Results (see Tables A14 and A15 in the Appendix) do not seem to suggest
a systematic relationship between sample selection and child’s growth, except perhaps for
Peru, where estimates suggest that shorter children are more likely to be excluded from the
estimation sample. To the extent, however, that the children experiencing slower physical
growth, excluded from the sample in Peru perform, on average, less well in achievement
tests, then sample selection bias is expected to be negative and thus, identified effects for
Peru provide lower bounds of actual total effects of growth on achievement.
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The impact of child nutrition at different stages of childhood on
parental nutrition and cognitive skills investments in middle
childhood

Estimates of the impact of nutrition at different periods on cognitive achievement are
expected to reflect, at least partly, behavioural responses by parents who may increase or
decrease investments on nutrition and cognitive skills as a response to changes in child
growth. For example, according to the conceptual framework, the negative effects of nutrition
in some cases on cognitive achievement, as suggested by 2SLS estimates presented in
Tables 6, 6a, 7, and 7a, could only reconcile with compensatory nutrition and cognitive skills
investment responses that more than offset any positive direct effect of nutrition on cognitive
achievement. Identifying the direction of parental investment responses to changes in child
growth and nutrition is important, as it may allow one, under certain conditions, to infer
whether there is a direct (biological) effect of growth after the first 1,000 days on cognitive
achievement that may provide a direct test of the hypothesis that the first 1,000 days is a
critical period for the impact of nutrition on cognitive development.

2SLS estimates of the total effect of child growth at different stages of
childhood on cognitive skills and nutrition inputs demands at age 8 across
countries

Cognltlve skllls inputs

expenditure

Time in School entry Health Dietary Number of
school and EL [ expenditure diversity meals
studying

Ethiopia

Height-for-age -0.038** -0.082 -0.079 0.014 0.041 0.022
Round 1 (0.019) (0.060) (0.371) (0.020) (0.043) (0.019)
Height-for-age 0.083 -0.313** 2.120** -0.089 0.159* 0.046
Round 2 (0.057) (0.148) (1.019) (0.070) (0.094) (0.039)
Height-for-age 0.109 0.004 0.398 0.056 -0.029 0.007
Round 3 (0.084) (0.160) (1.102) (0.084) (0.120) (0.049)
India

Height-for-age 0.051 0.026 0.155 0.104* -0.267* -0.099
Round 1 (0.049) (0.087) (0.644) (0.054) (0.106) (0.067)
Height-for-age -0.007 -0.173 0.024 0.030 0.094 0.045
Round 2 (0.079) (0.118) (1.018) (0.105) (0.167) (0.113)
Height-for-age -0.116 0.486** -0.618 0.080 -0.215 0.176
Round 3 (0.108) (0.219) (1.202) (0.108) (0.175) (0.139)
Peru

Height-for-age 0.099 -0.440 8.428* 0.177 0.231 -0.137
Round 1 (0.135) (0.311) (4.508) (0.135) (0.235) (0.139)
Height-for-age 0.072 -0.174 4.429* 0.104 0.146 -0.086
Round 2 (0.080) (0.150) (1.831) (0.071) (0.134) (0.073)
Height-for-age -0.123 -1.038*** 1.793 -0.152* =1 507 -0.670%*
Round 3 (0.085) (0.397) (2.255) (0.086) (0.516) (0.239)
Vietnam

Height-for-age -0.006 0.036 0.486 -0.001 -0.001 0.001
Round 1 (0.024) (0.056) (0.343) (0.021) (0.083) (0.039)
Height-for-age 0.009 -0.338*** 0.5571 0.007 0.225** DLz
Round 2 (0.048) (0.098) (0.410) (0.028) (0.103) (0.059)
Height-for-age 0.111 0.022 0.196 -0.043 -0.010 -0.033
Round 3 (0.069) (0.160) (0.526) (0.054) (0.152) (0.083)
Notes: ***significant at 1%, **significant at 5%, *significant at 10%. The first, second, and third row of each country panel presents

coefficient estimates, with associated robust standard errors in parentheses, of the impact of height-for-age in Round 1 from equation
(E.3), in Round 2 from equation (E.2), and in Round 3 from equation (E.3) respectively using as outcomes the inputs listed in the third
row. Height-for-age is measured as the difference of the child’s height from the WHO reference child of the same monthly age and
gender in centimetres. Diagnostics test results, the sample size, and excluded instruments for height-for-age in each Round are the
same as those from the estimation of the associated equations for PPVT and MATH presented in Tables 6 and 7 respectively. The full
set of controls included in each specification is the same as those Tables A5 to A8. Full results available on request.
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Table 8 presents 2SLS estimates of the total effect of nutrition in each period on the different
cognitive skills and nutrition inputs implemented in the Round 3 survey when children were
around 8 years old across the four countries. These estimates are produced by estimating
variants of equations (E.1), (E.2), and (E.3) using as outcomes the different cognitive skills
and nutrition inputs and the same instruments for height-for-age in each round employed in
the just-identified 2SLS estimation of (E.1), (E.2), and (E.3), presented in Tables 6 and 7. In
particular, the first row of each panel in Table 8 reports just-identified 2SLS estimates of the
coefficient of height-for-age in Round 1 from (E.3) for all inputs across the four countries.
Similarly, the second row of each panel in Table 8 includes estimates of the coefficient of
height-for-age in Round 2 from (E.2) for all inputs and the third row includes estimates of the
coefficient of height-for-age in Round 3 from (E.1) across inputs.

To the extent that there are no unobserved investment responses or that unobserved
investment responses are in the same direction as those observed, results in Table 8 are
consistent with a direct effect of nutrition from conception to age 1, and ages 1 to 5, on
cognitive development. For example, observed responses to child growth from conception to
Round 1 in all countries, presented in Table 8, are consistent with either neutral or
compensatory investment responses (with the exception of health expenditure in India), that
further imply that the identified effects of growth during this period on PPVT across countries
and MATH in India and Vietnam may provide lower bounds of biological effects running from
nutrition in these periods on cognition. The same is the case for the effect of growth between
Round 1 and 2 on PPVT in Peru, whereas in Ethiopia, results suggest that the identified
positive effect of growth between 1 and 5 years old on PPVT may be either the result of a
direct effect or reinforcing nutrition investments, or both. Given that nutrition investments are
implemented well after the first 1,000 days (between 7 and 8 years) and the identifying
variation in growth between ages 1 and 5 in all countries arises from weather shocks realised
after the first 1,000 days, none of these results seem to provide support to the hypothesis
that the first 1,000 days is the only period during which investments in nutrition are effective
in promoting cognitive development.

In the face of compensatory or counteracting cognitive skills and nutrition parental investment
responses to child growth across period, differential magnitudes of effects of growth on PPVT
and MATH could be explained in terms of differential production technologies for verbal and
quantitative skills (McGrew 2009).

Moreover, the negative and significant effect of growth between Rounds 1 and 2 on PPVT
and MATH in Vietnam could be potentially explained by compensatory cognitive skills
investments that more than offset observed compensatory responses in child nutrition. The
same is not the case, however, for the case of the negative effect of growth between Rounds
2 and 3 on PPVT in Vietnam, as, according to results in Table 8, there is no evidence of
significant compensatory investment responses to child growth in this period. The latter could
be either explained in terms of the larger imprecision of 2SLS estimates in models including
height-for-age in the three rounds, or in terms of unobserved investment responses that are
not in the same direction as those observed. | have investigated this hypothesis for Peru, as
in the third round of the Young Lives survey in Peru only, there is information on a range of
additional cognitive skills inputs related to the home environment, parental assessment of
teachers’ effort, and parental involvement in school activities when the child was around 8
years old. Results suggest that, although the impact of child growth across periods on most
of these additional inputs is in the same direction as the impacts on cognitive skills inputs
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included in Table 8, there is at least one input that responds to the opposite direction.28 This
finding further implies that the evidence here cannot be conclusive on whether or not any
positive and significant effects of growth across periods on achievement test scores provide
lower or upper bounds of biological effects.

There are also other patterns, as suggested by results in Table 8, consistent with
heterogeneous parental investment responses over several dimensions that seem to provide
support to the latter conclusion more generally. First, in several cases, health and cognitive
skills investments respond in opposite directions to changes in child growth during a given
period. For example, there is evidence of compensatory cognitive skills, but reinforcing
nutrition investments in Ethiopia and Vietnam, as a response to changes in growth between
conception and Round 1, and Round 1 and 2 respectively. Recent evidence by Yi et al.
(2015) also supports counteracting parental cognitive skills and health investments, although
Yi et al. (2015) find that parents compensate in terms of health, but reinforce in terms of
education as a response to a health insult. Second, not all inputs in the production of a given
human capital dimension, for example, health, respond in the same direction. This is the case
in India, where higher child growth from conception to Round 1 leads to an increase in the
expenditure on child health, but to a decrease in child’s dietary diversity.2° Third, the same
input may respond differently to a change in child health realised at different stages of the
child’s development. For example, changes in nutrition between 5 and 8 years old has a
strong negative effect on the time the child spent in school and studying and across all
nutrition inputs in Round 3, and growth changes before age 1 and between 1 and 5 years old
have no effect on these inputs, whereas in Vietnam, there are significant input responses to
changes in growth in the period between Rounds 1 and 2 but not in other periods.

Overall, these results may explain the mixed evidence and the current lack of consensus in
the literature on whether parents compensate or reinforce the impact of child health insults in
early life (Pitt et al. 1990; Behrman et al. 1994) and highlight that, under heterogeneous and
partially observed parental investment responses to changes in child health, it is very difficult
to infer whether reduced form estimates provide lower or upper bounds of biological effects
of health on cognitive skills.

Conclusion

Child undernutrition is highly prevalent in low- and middle-income countries and has
deleterious implications for child development. Nutrition-promoting interventions in poor
contexts focus mainly on the first 1,000 days since conception, as it has been suggested that
nutritional insults during this period may lead to physical growth deficits and cognitive
developmental setbacks that are irreversible beyond this period. The evidence, however, in
support of these hypotheses is rather thin because there are few studies purporting to
identify critical periods for the impact of nutrition on cognitive development, and those that do
suffer from various methodological limitations. Moreover, these studies produce results
reflecting both biological and behavioural effects of nutrition at different stages of the child’s
life course on cognitive development, and do not produce evidence on the direction of

28 Results available from the author on request.

29 This is also the case of the impact of growth in all three periods on cognitive skills investments in Peru, when considering the
additional cognitive skills inputs in Round 3.
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behavioural effects that depend on whether parents increase or decrease investments in the
face of changes of child nutrition. Therefore, it is very difficult to infer from the results of these
studies the magnitude of biological effects of nutrition in each period on cognitive
development that is needed for the identification of critical periods. The question of how
parents respond to changes in child health is little investigated, the existing evidence is rather
mixed (Pitt et al. 1990; Behrman et al. 1994), and we know very little on whether and how
parental investment responses depend on the timing of changes in child health.

In this paper, | investigate the impact of child nutrition at different stages from conception to
middle childhood on cognitive achievement in early adolescence using data from Ethiopia,
India, Peru, and Vietnam. In order to identify the independent effect of nutrition in each period
on cognitive achievement, | develop a conceptual framework of the determination of child
health and cognitive skills over different periods of childhood that | use to guide the
specification of the econometric model and the choice of the identification strategy and use
exogenous variation in child nutritional status, as measure by growth, across periods arising
from weather shocks.

My key finding is that, although early undernutrition has negative implications for child growth
and cognitive development, these implications are not irreversible and there is scope for
remediation of physical growth and cognitive deficits arising from early undernutrition through
nutrition investments in later stages of childhood. Another novel result is that parental
investment responses to a change in child health are heterogeneous across multiple
dimensions. In particular, | find that the direction of investment responses may differ: (a)
across human capital dimensions; (b) across inputs within a given human capital dimension;
and (c) with the timing of the change in child health. The heterogeneity of parental investment
responses and the fact that these responses are imperfectly observed may explain the mixed
evidence and the current lack of consensus in the literature on whether parents compensate
or reinforce the impact of child health insults in early life, and highlight that it is very difficult to
infer whether reduced form estimates provide lower or upper bounds of biological effects of
health on cognitive skills.

Overall, my findings have important policy implications. On the one hand, results indicate that
nutrition early in life is important for physical growth and cognitive development in
subsequent stages of childhood, but on the other hand they suggest that nutrition-promoting
investments after infancy and early childhood can act as a remedy for early nutrition and
cognitive deficits and protect from nutritional insults in later stages that may also lead to
developmental setbacks. The evidence here also highlights the importance of parental
behavioural responses for the causal link between child nutrition and cognitive development
and thus that these responses, which may counteract the impact of interventions, should be
taken into account in the design of policies aiming to promote child growth and development.
This evidence suggests that nutrition-promoting interventions that start early in life and
continue to subsequent stages of childhood, combined with support in other areas such as
cognitive stimulation and parental involvement, may hold the most promise for the promotion
of child development.



THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

References

Alderman, H., J. R. Behrman, V. Lavy, and Rekha Menon (2001) ‘Child Health and School
Enrollment: A Longitudinal Analysis’, Journal of Human Resources 36: 185-205.

Alderman, H., J. Hoddinott, and W. Kinsey (2006) ‘Long Term Consequences of Early
Childhood Malnutrition’, Oxford Economic Papers 58: 450-474.

Almond, D., and J. Currie (2011) ‘Human Capital Development before Age Five.’ In O.
Ashenfelter, D.E. Card, A. Hanushek and F.Welch (eds.) Handbook of Labor Economics.
Vol. 4B, 1315-1486. Amsterdam: Elsevier B.V.

Angrist, J., and J-S. Pischke (2009) Mostly Harmless Econometrics: An Empiricist’s
Companion, Princeton, NJ: Princeton University Press.

Auffhammer, M., S.M. Hsiang, W. Schlenker, and A. Sobel (2013) ‘Using Weather Data and
Climate Model Output in Economic Analyses of Climate Change’, Review of Environmental
Economics and Policy 7.2: 181-198.

Barham, T., K. Macours, and J.A. Maluccio (2013) ‘Boys Cognitive Skill Formation and
Physical Growth: Long-Term Experimental Evidence on Critical Ages for Early Childhood
Interventions’, American Economic Review: Papers & Proceedings 103.3: 467-471.

Barnett, I., A. Proochista, S. Petrou, M.E. Penny, Le Thuc Duc, S. Galab, T. Woldehanna,
J.A. Escobal, E. Plugge, and J. Boyden (2012) ‘Cohort Profile: The Young Lives Study’,
International Journal of Epidemiology 42: 701-8.

Behrman, J.R., M. Rosenzweig, and P. Taubman 1994 ‘Endowments and the Allocation of
Schooling in the Family and in the Marriage Market: The Twins Experiment’, Journal of
Political Economy 102: 1131-1174.

Black, R.E., L. Allen, Z.A. Bhutta, L.E. Caulfied, M. de Onis, M. Ezzati, C. Mathers, and J.
Rivera (2008) ‘Maternal and Child Undernutrition: Global and Regional Exposures and Health
Consequences’, The Lancet 371: 243-260.

Black, R.E., C.G. Victora, S.P. Walker, Z.A. Bhutta, P. Christian, M. de Onis, M. Ezzati, S.
Grantham-McGregor, J. Katz, R. Martorell, and R. Uauy (2013) ‘Maternal and Child
Undernutrition and Overweight in Low-Income and Middle-Income Countries’, The Lancet
Maternal and Child Nutrition June 6: 15-39.

Breusch, T., H. Qian, P. Schmidt, and D. Wyhowski 1999 ‘Redundancy of Moment
Conditions’, Journal of Econometrics 9: 89-111.

Confalonieri, U., B. Menne, R. Akhtar, K.L. Ebi, M. Hauengue, R. Sari Covats, B. Revich, and
A. Woodward (2007) ‘Human health.” In M. Parry, O. Canziani, J. Palutikof, P. van der
Linden, and C. Hanson (eds.) Climate Change 2007: Impacts, Adaptation and Vulnerability,
393-419, Cambridge; Cambridge University Press.

Crookston, B.T., W. Schott, S. Cueto, K.A. Dearden, P. Engle, A. Georgiadis, E.A. Lundeen,
M.E. Penny, A.D. Stein, and J.R. Behrman (2013) ‘Postinfancy Growth, Schooling, and
Cognitive Achievement: Young Lives’, American Journal of Clinical Nutrition 98: 1555-1563.

Cueto, S., and J. Leon (2012) ‘Psychometric Characteristics of Cognitive Development and
Achievement Instruments in Round 3 of Young Lives’, Young Lives Technical Note 25.
Oxford: Young Lives.

39



40

THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

Cunha, F., and J.J. Heckman (2007) ‘The Technology of Skill Formation’, American
Economic Review 97.2: 31-47.

Cunha, F., J.J. Heckman, L. Lochner, and D.V. Masterov (2006) ‘Interpreting The Evidebce
on Life Cycle Skill Formation.” In E.A. Hanushek and F. Welch (eds.) Handbook of
Economics of Education, Volume 1, 698-812, Amsterdam: Elsevier B.V.

de Onis, M., A. Onyango, E. Borghi, A. Siyam, C. Nishida, and J. Siekmann (2007)
‘Development of a WHO Growth Reference for School-Aged Children and Adolescents’,
Bulletin of the World Health Organization 85: 660.

Dell, M., B.F. Jones, and B.A. Olken (2014) ‘What Do We Learn from the Weather? The New
Climate-Economy Literature’, Journal of Economic Literature 52.3: 740-798.

Dercon, S., and A. Sanchez (2013) ‘Height in Mid Childhood And Psychosocial
Competencies in Late Childhood: Evidence from Four Developing Countries.” Economics and
Human Biology 11: 426-432.

FAO (2007) Guidelines for Measuring Household and Individual Dietary Diversity. Version 3,
Rome: FAO.

Filmer, D., and L.H. Pritchett (2001) ‘Estimating Wealth Effects without Expenditure Data-Or
Tears: An Application to Educational Enrollments in States of India’, Demography 38: 115-
132.

Gandhi, M., P. Ashorn, K. Maleta, T. Teivaanmaki, X. Duan, and Y. Bun Cheung (2011)
‘Height Gain During Early Childhood Is an Important Predictor of Schooling and Mathematics
Ability Outcomes’, Acta Paediatrica 100: 1113-1118.

Georgiadis, A., L. Benny, B.T. Crookston, Le Thuc Duc, P. Hermida, S. Mani, T. Woldehanna,
A.D. Stein, and J.R. Behrman (2016) ‘Growth Trajectories from Conception through Middle
Childhood and Cognitive Achievement at Age 8 Years: Evidence from Four Low- and Middle-
Income Countries’, Social Science and Medicine-Population Health December 2: 43-54.

Glewwe, P., and H. Jacoby (1995) ‘An Economic Analysis of Delayed School Enroliment in a
Low Income Country: The Role of Early Childhood Nutrition’, Review of Economic and
Statistics 77: 156-169.

Glewwe, P., H. Jacoby, and E. King (2001) ‘Early Childhood Nutrition and Academic
Achievement: A Longitudinal Analysis’, Journal of Public Economics 81: 345-368.

Glewwe, P., and E. King (2001) ‘The Impact of Early Childhood Nutritional Status on
Cognitive Development: Does the Timing of Malnutrition Matter?” World Bank Economic
Review 15: 81-113.

Glewwe, P., and E. Miguel (2008) ‘The Impact of Child Health and Nutrition on Education in
Less Developed Countries.’ In P. Schultz and J. Strauss (eds.) Handbook of Development
Economics, Voluum 4, 3562-3606, Amsterdam: Elsevier B.V.

Golden, M.H.N. (1994) ‘Is Complete Catch-up Possible for Stunted Malnourished Children?’
European Journal of Clinical Nutrition 48 (suppl 1): S58-S70.

Grantham-McGregor, S., Y. Bun Cheung, S. Cueto, P. Glewwe, L.Richter, and B. Strupp
(2007) ‘Developmental Potential in the First 5 Years for Children in Developing Countries’,
The Lancet 369: 60-70.

Grantham-McGregor, S., and H. Baker-Henningham (2010) ‘Iron Deficiency in Childhood:
Causes and Consequences for Child Development’, Annales Nestlé 68: 105-119.



THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

Hansen, L-P., J. Heaton, and A. Yaron (1996) ‘Finite-Sample Properties of Some Alternative
GMM Estimators’, Journal of Business and Economic Statistics 14: 262-280.

Heckman, J.J. (2007) ‘The Economics, Technology, and Neuroscience of Human Capability
Formation’, Proceedings of the National Academy of Sciences 104.33: 13250-13255.

Hoddinott, J., and W. Kinsey (2001) ‘Child Growth in the Time of Drought’, Oxford Bulletin of
Economics and Statistics 63.4: 409-436.

Humphries, D.L., K.A. Dearden, B.T. Crookston, L.C. Fernald, A.D. Stein, T. Woldehanna,
M.E. Penny, and J.R. Behrman (2015) ‘Cross-Sectional and Longitudinal Associations
between Households Food Security and Child Anthropometry at Ages 5 and 8 Years in
Ethiopia, India, Peru, and Vietnam’, Journal of Nutrition 145: 1924-1933.

Leroy, J., M.T. Ruel, and J. Habicht (2013) ‘Critical Windows for Nutritional Interventions
against Stunting: Letter to the Editor’, American Journal of Clinical Nutrition 98: 854-855.

Maluccio, J.A., J. Hoddinott, J.R. Behrman, R. Martorell, A.R. Quisumbing, and A.D. Stein
(2009) ‘The Impact of Improving Nutrition During Early Childhood on Education Among
Guatemalan Adults’, Economic Journal 119: 734-763.

Martorell, R., K. Khan, and D.G. Schroeder (1994) ‘Reversibility of Stunting: Epidemiological
Findings in Children from Developing Countries’, European Journal of Clinical Nutrition 48
(suppl 1): S45-57.

Martorell, R., B.L. Horta,, L.S. Adair, A.D. Stein, L. Richter, C.H.D. Fall, S.K. Bhargava, S.K.
Dey Biswas, L. Perez, F.C. Barros, and C.G. Victora (2010) ‘Weight Gain in the First Two
Years of Life Is an Important Predictor of Schooling Outcomes in Pooled Analyses from Five
Birth Cohorts from Low- and Middle-Income Countries’, Journal of Nutrition 140: 348-354.

McGrew, K. (2009) ‘CHC Theory and the Human Cognitive Abilities Project: Standing on the
Shoulders of the Giants of Psychometric Intelligence Research’, Intelligence 37: 1-10.

McKay, H., L. Sinisterra, A. McKay, H. Gomez, and P. Lloreda (1978) ‘Improving Cognitive
Ability in Chronically Deprived Children’, Science 200.4339: 270-278.

Paxson, C., and N. Schady (2007) ‘Cognitive Development Among Young Children in
Ecuador: The Roles of Wealth, Health, and Parenting’, Journal of Human Resources
42: 49-84.

Petrou, S., and E. Kupek (2010) ‘Poverty and Childhood Undernutrition in Developing
Countries: A Multi-National Cohort Study’, Social Science and Medicine 71: 1366-1373.

Pitt, M., M. Rosenzweig, and H. Nazmul (1990) ‘Productivity, Health, and Inequality in the
Intrahousehold Distribution of Food in Low-Income Countries’, American Economic Review
80: 1139-1156.

Pollak, R.A. (1969) ‘Conditional Demand Functions and Consumption Theory’, Quarterly
Journal of Economics 83: 60-78.

Pollitt, E., M. Golub, K. Gorman, S. Grantham-McGregor, D. Levitsky, B. Schurch, B. Strupp,
and T. Wachs (1996) ‘A Reconceptualization of the Effects of Undernutrition on Children’s
Biological, Psychosocial, and Behavioural Development’, Social Policy Report Society for
Research in Child Development 10: 1-22.

Prendergast, A.J., and J.H. Humphrey (2014) ‘The Stunting Syndrome’, Paediatrics and
International Child Health 34.4: 250-265.

41



42

THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

Prentice, A.M., K.A.Ward, G.R. Goldberg, E.M. Jarjou, S.E. Moore, A.J. Fulford, and A.
Prentice (2013) ‘Critical Windows for Nutritional Interventions Against Stunting’, American
Journal of Clinical Nutrition 97: 911-918.

Rosenzweig, M., and K.I. Wolpin (1994) ‘Are There Increasing Returns to the
Intergenerational Production of Human Capital? Maternal Schooling and Child Intellectual
Achievement’, Journal of Human Resources 29: 670-693.

Ruel, M.T. (2002) ‘Operationalizing Dietary Diversity: A Review of Measurement Issues and
Research Priorities’, Journal of Nutrition 133: 3911S-3926S.

Rutter, M.1. (2004) ‘Developmental Catch-up, and Deficit, Following Adoption after Severe
Global Early Privation’, Journal of Child Psychology and Psychiatry 39.4: 465-476.

Sanderson, E., and F. Windmeijer (2016) ‘A Weak Instrument F-Test in Linear IV Models with
Multiple Endogneous Variables’, Journal of Econometrics 190.2: 209-374.

Scholder, S. Von Hinke Kessler, G.D. Smith, D.A. Lawlor, C. Propper, and F. Windmeijer
(2013) ‘Child Height, Health, and Human Capital: Evidence Using Genetic Markers’,
European Economic Review 57: 1-22.

Shea, J. (1997) ‘Instrument Relevance in Multivariate Linear Models: A Simple Measure’,
Review of Economics and Statistics 79: 348-352.

Skoufias, E.I, and K. Vinha (2012) ‘Climate Variability and Child Height in Rural Mexico’,
Economics and Human Biology 10: 54-73.

Stock, J., J. Wright, and M. Yogo (2002) ‘A Survey of Weak Instruments and Weak
Identification in Generalized Method of Moments’, Journal of Business and Economic
Statistics 20: 518-529.

Stock, J.H., and M. Yogo (2005) ‘Testing for Weak Instruments in Linear IV Regression.’ In
D.W.K. Andrews and J.H. Stock (eds.) Identification and Inference for Econometric Models:
Essays in Honor of Thomas Rothenberg, 80-108, Cambridge: Cambridge University Press.

Victora, C.G., M. de Onis, P.C. Hallal, M. Blossner, and R. Shrimpton (2010) ‘Worldwide
Timing of Growth Faltering: Revisiting Implications for Interventions’, Pediatrics 125: e473-
e480.

Fischer Walker, C., L. Lamberti, L. Adair, R. Guerrant, A. Lescano, R. Martorell, R. Pinkerton,
and R. Black (2012) ‘Does Childhood Diarrhea Influence Cognition Beyond the Diarrhea-
Stunting Pathway?’ PloS One 7: e47908.

WHO Multicentre Growth Reference Study Group (2006) ‘WHO Child Growth Standards
Based on Length/Height, Weight and Age’, Acta Paediatrica Supplement 450: 76-85.

Willmott, C.J., and K. Matsuura (2012) ‘Terrestrial Precipitation: 1900-2010 Gridded Monthly
Time Series (V 3.02)’ Newark: Center for Climatic Research, Department of Geography,
University of Delaware.

Woldehanna, T., R. Gudisa, Y. Tafere, and A. Pankhurst (2011) Understanding Changes in
the Lives of Poor Children: Initial Findings from Ethiopia Round 3 Survey. Young Lives
Country Report, Oxford: Young Lives.

Wooldridge, J.M. (2002) Econometric Analysis of Cross Section and Panel Data, Cambridge,
Massachusetts: MIT Press.

Yi, J., J.J. Heckman, J. Zhang, and G. Conti (2015) ‘Early Health Shocks, Intra-Household
Resource Allocation, and Child Outcomes’, Economic Journal 125: F347-F371



THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

Appendices

Table A1. Descriptive statistics of community prices of food, medication, education,
and other consumption items

onas
etons s [Fars—[van [emons s [pers[vetmam [tvopis JnaisJpors[veam [etvovis [ e [viomen |

Food items
Cereals 1.67 2.45 6.69 10.37
(0.38) (0.86) (0.96) (1.73)
Rice 9.81 1.49 3.08 11.78 1.71 5.10 20.39 1.96 8.39 34.00 238
(2.55) (0.31) (0.35) (2.29) (0.27) (0.55) (5.29) (0.45) (1.79) (7.67) (0.36)
Potato 0.63 0.86 1.02 1.42
(0.27) (0.15) (0.20) (0.34)
Pasta 2.61 2.67 3.18 3.23)
(0.46) (0.38) (0.34) (0.42)
Coffee 6.87 86.72 6.79 40.06 1412 11719 9.39 16.07 38.03 206.29 11.76 58.93 70.27  280.12 0.87 123.93
(1.18)  (44.95) (4.42) (6.73) (8.12) (44.02) (3.25) (18.15) (9.15) (73.52) (3.68) (22.34) (10.31) (87.89) (0.19) (83.73)
Sugar 4.93 15.24 1.74 6.07 8.27 19.77 2.05 9.43 14.36 34.04 2.04 156.32 18.50 37.90 212 18.88
(0.38) (0.71) (0.31) (0.57) (0.80) (1.59) (0.19) (1.27) (0.63) (2.66) (0.24) (1.03) (4.44) (5.34) (0.35) (2.37)
Oil 10.76 45.89 3.76 13.93 8.82 53.79 3.99 17.61 20.06 56.55 5.88 26.25 31.27 72.34 5.87 36.64
(1.61) (3.80) (0.51) (1.12) (5.82) (4.39) (0.46) (1.70) (2.86) (9.51) (0.68) (3.89) (8.58) (8.92) (0.33) (7.95)
Salt 1.52 4.59 0.80 1.06 1.92 5.80 0.60 1.46 3.10 8.12 0.79 4.63 5.05 11.58 1.01 9.78
(0.56) (1.46) (0.78) (0.23) (3.10) (1.83) (0.18) (0.55) (0.57) (2.02) (0.20) (2.78) (0.60) (3.64) (0.16)  (10.00)
Medication
Oral 1.24 11.09 1.01 0.91 1.65 8.40 1.01 1.08 1.78 12.95 0.83 1.35 5.24 12.89 0.81 28.10

[enydration (0.25) (559) (0.41) (0.17) (0.78) (4.08) (0.32) (0.24) (0.41) (7.66) (0.22) (0.32)  (6.40) (7.17)  (0.28) (98.81)

salts

Paracetamol 0.10 0.53 0.01 0.10 0.73 0.99 0.15 0.92 0.21 1.18 0.13 2.16 1.21 1.42 0.13 3.91
(0.02) (0.17) (0.01) (0.06) (0.60) (0.95) (0.07) (0.58) (0.17) (1.25) (0.05) (1.36) (1.65) (0.74) (0.13)  (24.17)

Amoxicillin 0.83 3.69 0.01 0.26 1.16 3.48 0.27 243 0.52 3.67 0.29 1.67 5.06 4.35 0.26 3.21
(0.25) (1.04) (0.01) (0.20) (0.88) (0.90) (0.13) (1.50) (0.23) (0.82) (0.13) (1.50) (7.85) (1.86) (0.16) (3.00)

Mebendazole 243 4.29 0.30 0.58 1.50 7.24 0.36 1.97 0.19 13.06 0.16 335 3.32 9.08 0.20 6.71

(0.11) (392) (0.27) (0.46) (1.59) (4.79) (0.21) (1.81) (0.07) (3.53) (0.10) (1.80) (2.76)  (4.43) (0.20)  (5.96)

Education items
Notebook 2.01 4.47 1.04 0.94 2.56 5.36 1.31 2.46 3.39 6.14 1.43 4.18 6.45 10.83 1.51  259.42
(0.85) (1.06) (0.21) (0.17) (0.41) (1.40) (0.20) (0.80) (0.90) (2.59) (0.18) (1.97) (1.67) (3.54) (0.57) (1095.77)
School shoes 2513  110.62 28.76 15.00 30.00 110.33 30.79 32.71 57.40 128.68 37.21 25.39 90.76  187.90 42.50 77.27
(18.02)  (78.49) (4.26) (5.92) (20.73) (36.95) (3.70) (19.29) (28.29) (33.63) (6.83) (15.24) (56.38) (69.71) (7.36) (36.74)

Boy’s shirt 1942 9460 1274 1475 2098 6812 1087 2643 3063 11263 1380 30.74 7583 20166 1711 7365
(10.44) (3259) (3.37) (3.76) (9.06) (32.18) (245) (6.97) (15.37) (48.19) (2.72) (8.10) (38.08) (66.23) (3.68) (29.82)

Girl's shirt 1716 10523 1259 1531 2544 7398 1055 2558 3811 109.82 1371 3209 8551 14124 1681 7162
(8.75) (54.33) (3.00) (4.11) (10.11) (45.64) (2.62) (6.55) (17.46) (56.15) (2.65) (8.43) (35.46) (61.10) (3.66) (23.17)

Boy’s shorts 1953 10212  20.39 9.15 2620 10097 2416 992 5274 18319 2722 1573 12869 256.04 2955 9276
(12.52) (69.68)  (5.35) (1.41) (18.81) (42.23) (4.36) (4.30) (47.07) (69.85) (3.89) (6.89) (78.38) (79.08) (4.53) (38.63)

Girl's skirt 19.75 11047 1806  17.07 2969 9167 2078 2853 5424 16291 2395 3021 9363 22290 27.39 84.48

(9.48) (59.59) (4.84) (6.62) (14.75) (30.22)  (3.04) (11.20) (48.61) (75.58) (3.53) (7.73) (29.80) (84.35) (5.02) (27.56)

Other consumption items

Cigarettes 391 29.38 3.19 1.99 175  18.29 377 6.39 577  24.06 379 1023 1276  36.96 527  12.43
(0.63) (14.81) (0.87) (0.03) (1.76) (2.70) (0.87) (3.08) (0.76) (7.18) (1.05) (3.85) (5.23) (13.37) (1.83)  (5.39)
Detergent 466 1432 206  13.07 163 6.8 162 1753 2379 8.17 118 2577 3767  9.93 115 4730
(4.94) (7.40) (1.02) (146) (1.02) (2.91) (0.42) (294) (8.05) (425) (0.19) (2.89) (14.87) (2.44) (0.24) (24.30)
Kerosene 251 14.61 1.86 4.35 405 1646 1262 1022 895 1263 1434 1577 17.96 2887 3616  24.47

(0.73) (202) (0.35) (0.40) (1.33) (4.81) (202) (328) (0.93) (4.19) (1.81) (142 (3.31) (7.16) (2.68) (3.59)
Observations 1403 1806 1805 1805 1403 1806 1805 1805 1403 1806 1805 1805 1403 1806 1805 1805

Notes: Figures are averages with standard deviations in parentheses. Prices are in national currency units. Prices of food items are per kg except for oil
for which price is per It. Price of cereals in Ethiopia is the average of the prices of white teff, sorghum, and barley. Prices of medication are per tablet
except for oral rehydration salts for which price is per sachet. Price for cigarettes is for one pack of 20 and price for kerosene is per It. Prices were
combined to calculate Paasche price indices for food, medication, education, and other consumption items using equal weights except for the food price
index, for which weights used were the share of each item in the total consumption expenditure in the community, computed using information on
household consumption expenditure. Base prices in the price index were the median prices of the items used.
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THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

Table A2. Descriptive statistics of community wages and disease environment items

o Rams
[Eiops | s | 7ors o | Eiona | nta | s | Viowan [ Eviopa] s | pors | Vinam €| s | pars vomam

Average 540 4570 1140  20.41 999 6101 1258 3528 1920 119.81 1728 7330  79.91 20718  27.71  146.44
e ofadult g0y (10200 (331) (493) (218 (1128) (402) (584) (482) (2926) (444) (1552) (57.04) (37.68)  (945) (25.02)
agricultural

worker

Average 818 5002 2158 2266 859 7056 1574  27.75 50849 13577  23.00  57.92 967.27 227.42 1579  117.34

xz?eeﬂsﬂgg (11)  (301)  (124) (4.88)  (1.54) (14.18)  (3.80) (7.76) (131.55) (23.37)  (3.14) (10.51) (518.52) (52.03)  (2.98) (26.01)

factory worker

Airpolutionis ~ 0.68 079 090 048 062 059 035 045 044 057 041 015 030 041 017 028
Srzebv‘:rme 041)  (030) (050)  (0.50)  (0.49) (0.49)  (0.48)  (0.36)  (0.50)  (0.50)  (0.49)  (0.36)  (0.46)  (0.49)  (0.38)  (0.45)
Water 052 049 080 040 061 082 050 044 048 072 062 021 048 064 055 043
;’gygﬁg’” S8 (0500 (040) (049) (048  (0.49) (0.38) (050) (0.50)  (0.50)  (0.45)  (0.49)  (0.41)  (0.50)  (0.48)  (0.50)  (0.50)
problem

Access 10 069 093 099  0.71 095 098 094 083 080 078 093 098 094 087 100 077
‘dm,ig’g;gdwate, (046) (025 (0.09) (046) (0.21) (0.13) (023)  (0.38)  (0.40) (0.41) (0.25 (0.14)  (023)  (0.34)  (0.05)  (0.42)
Access 10 065 063 094 0.9 100 092 096 100 084 098 096 097 03 0.61 100 086
;Tlﬁli‘;‘{‘iﬁ (048)  (0.48) (0.24)  (041)  (0.00) (0.26) (0.19)  (0.00)  (0.37)  (0.14)  (020) (0.17)  (046)  (0.49)  (0.05)  (0.34)
Garbage 013 019 051 025 020 028 067 036 010 027 069 054 029 026 074  0.83
frﬂ'éic”"” BY 034y (039) (050) (043) (040) (045) (047) (048)  (0.30)  (045) (046) (050) (046)  (0.44)  (0.44)  (0.37)

Observations 1403 1806 1805 1805 1403 1806 1805 1805 1403 1806 1805 1805 1403 1806 1805 1805

Notes: Figures are averages with standard deviations in parentheses. Wages are in national currency units. A wage index was constructed by dividing
the average wage of adult male agricultural worker in rural communities and the average wage for adult male unskilled factory worker in urban
communities with their median analogue. An index of the level of hygiene in the community was constructed by taking the average of all disease
environment items. Access to improved drinking water here means that, during data collection, the household had access to improved drinking water and
toilets as defined by WHO/UNICEF (see http://www.wssinfo.org/definitions-methods/watsan-categories/), not that access to drinking water and sanitation
improved between rounds of data collection.
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Table A3. OLS estimates of the impact of weather shocks on child growth at different
stages of childhood in Ethiopia and India

Height-for-

Weather shock before Round 1
Weather shock between Round 1 and 2
Weather shock between Round 2 and 3
Height-for-age

Round 1

Height-for-age
Round 2

Male

Second-born

Third- or later-born

Caregiver’s age at child’s birth

Caregiver’s education

Father's education

Wealth index in Round 1

Community consumption price index in

Round 1

Community consumption price index in
Round 2

Community consumption price index in
Round 3

Community education inputs price index
in Round 4

Community cognitive skills inputs price
index in Round 1

Community cognitive skills inputs price
index in Round 2

Community cognitive skills inputs price
index in Round 3

Community cognitive skills inputs price
index in Round 4

Community wage index in Round 1
Community wage index in Round 2

Community wage index in Round 3

Community wage index in Round 4

age
Round 1

0.513%*
(0.067)

-0.728"*
(0.222)
0.260
(0.320)
0.155
(0.271)
0.017
(0.013)
0.049
(0.039)
0.063*
(0.035)
4.764%
(1.304)
-1.674
(1.243)
1.054
(0.820)
1.490
(1.804)
PEE
(1.082)
-0.606
(0.989)
-0.272
(1.467)
0.021
(1.437)
0.076
(0.900)
-1.591
(0.979)
-0.976
(1.208)
-0.261
(0.913)
-0.276
(0.723)

Height-for-
age
Round 2

0.025%*
(0.006)

0.437**
(0.031)

-0.099
(0.240)
e
(0.357)
-0.742"
(0.305)
0.019
(0.015)
0.017
(0.043)
0.098***
(0.035)
-0.541
(1.384)
4.025"*
(1.145)
0.250
(0.843)
-1.817
(2.431)
2.409**
(1.080)
0.336
(0.836)
-5.684"*
(1.227)
-0.097
(1.407)
2,475
(0.894)
0.181
(1.168)
-0.065
(1.273)
0.201
(1.146)
0.636
(0.752)

Height-for-
age
Round 3

0.006***
(0.002)

0.784**
(0.033)
-0.229
(0.257)
0.590
(0.4086)
0.153
(0.315)
-0.001
(0.014)
0.026
(0.048)
-0.040
(0.034)
2.408*
(1.450)
-0.742
(0.834)
-0.190
(0.955)
0.219
(1.212)
-1.056
(1.119)
-1.063
(1.079)
2.621*
(1.496)
-1.380
(1.024)
-0.790
(0.901)
0.611
(0.900)
1.104
(1.748)
-1.126
(0.989)
-0.552
(0.558)

Height-for-
age
Round 1

-0.004***
(0.001)

-0.087
(0.164)
0.218
(0.182)
0177
(0.236)
0.042*
(0.017)
0.049*
(0.025)
0.036*
(0.021)
1.457
(0.602)
0.605
(0.422)
0.075
(0.856)
2.249"*
(0.797)
0.558
(0.626)
-0.013
(0.504)
0.213
(0.658)
-0.199
(0.489)
-0.828*
(0.437)
-2.494***
(0.748)
-0.514
(0.623)
0.721
(0.724)
0.360
(0.529)

Height-for-
age
Round 2

0.184**
(0.060)

0.659**
(0.028)

-0.114
(0.174)
-0.167
(0.204)
-0.720"*
(0.258)
0.018
(0.019)
0.020
(0.029)
0.059*
(0.024)
1.595**
(0.634)
J0HE=
(0.456)
1.159
(0.781)
-1.520**
(0.732)
-0.709
(0.650)
0.612
(0.474)
-0.126
(0.663)
0.063
(0.571)
-0.505
(0.445)
2.298%**
(0.762)
1.504**
(0.670)
-0.364
(0.712)
1.676"*
(0.586)

Height-for-
age
Round 3

-0.276"*
(0.083)

0.895**
(0.036)
0.147
0.171)
-0.509**
(0.208)
e
(0.277)
0.050**
(0.022)
O
(0.028)
-0.028
(0.024)
2 B
(0.612)
1.069**
(0.444)
-0.078
(0.844)
-0.830
(0.539)
-0.310
(0.584)
0.220
(0.435)
0.879
(0.661)
-0.915"
(0.458)
0.006
(0.380)
0.557
(0.773)
-0.784
(0.706)
0.088
(0.718)
-0.887
(0.559)
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Height-for- Height-for- Height-for- Height-for- Height-for- Height-for-

age age age age age age
Round 1 Round 2 Round 3 Round 1 Round 2 Round 3
Number of credit-providing institutions in -0.231 -0.031 -0.002 0.102 0.199 0.044
the community in Round 1 (0.331) (0.355) (0.198) (0.122) (0.126) (0.117)
Number of schools in the community 0.276 -1.728** 0.280 -0.251% 0.144 0.549***
Round 2 (0.660) (0.511) (0.511) (0.131) (0.134) (0.146)
Number of schools in the community in 0.053 0.049 -0.434* 0.069* 0.038 -0.224**
Round 3 (0.245) (0.216) (0.225) (0.041) (0.044) (0.041)
Number of schools in the community in 0.118 -0.164 -0.080 0.034 -0.082 0.023
Round 4 (0.092) (0.102) (0.129) (0.064) (0.060) (0.067)
Community has hospital in Round 2 -1.584 0.233
(1.285) (0.236)
Community has hospital in Round 3 0.417 0.304 -0.640** -0.422
(0.776) (0.822) (0.280) (0.274)
Community has hospital in Round 4 1.252 -1.096 0.244 0.335 0.127 -0.257
(1.277) (1.246) (1.314) (0.218) (0.224) (0.219)
Community disease environment index in -9.733*** -0.141
Round 2 (2.788) (0.698)
Community disease environment index in -0.549 3.507* -1.415%* -1.316**
Round 3 (1.896) (1.923) (0.569) (0.630)
Community disease environment index in 0.166 -2.198 3.528** -0.754 0.483 0.328
Round 4 (1.279) (1.388) (1.393) (0.579) (0.600) (0.582)
Price index for medication in Round 2 1.281 -2.333***
(0.792) (0.637)
Price index for medication in Round 3 -2.447 0.533 1.300** -0.392
(2.300) (2.646) (0.615) (0.636)
Price index for medication in Round 4 0.602 -1.646™ 0.597 -1.580%** 0.119 -0.460
(0.778) (0.662) (0.664) (0.446) (0.424) (0.411)
Price index for food in Round 2 -2.230 1.308
(1.709) (1.084)
Price index for food in Round 3 10.156** -4.627 3.366** 0.367
(4.881) 4.172) (0.883) (0.907)
Price index for food in Round 4 0.039 5.420* 2.003 2.219% 1.215 -0.602
(3.170) (3.017) (2.978) (0.979) (1.014) (0.899)
R-squared 0.18 0.27 0.46 0.13 0.37 0.62
Partial F statistic 56.17 14.94 11.04 25.01 9.13 10.84
Observations 1403 1403 1403 1806 1806 1806
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Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. Height-for-age is measured as the difference
of the child’s height from the WHO reference child of the same monthly age and gender in centimetres. All specifications include dummies for caregiver’s
ethnicity, and whether the PPVT was administered in the child’s native language, and for Ethiopia dummies for the language at which the PPVT was
administered, but estimates are not reported. The partial F statistic is the Kleibergen-Paap rk Wald F statistic of the first-stage of 2SLS estimation of the
impact of height-for-age on PPVT score implemented separately for each period using as an instrument for height-for-age the relevant to the period
weather shock. Weather shocks before Round 1 include deviations from locality, season, and year norm of temperature during the second half of the first
year after birth in Ethiopia and rainfall one year before conception in India. Weather shocks between Round 1 and 2 are rainfall between three years after
Round 1 and Round 2 in Ethiopia and temperature in the first half of the second year after completion of 1,000 days since conception in India. Weather
shocks between Round 2 and 3 include rainfall in the seventh year after birth in Ethiopia and temperature between two years after Round 2 and Round 3
in India.



Table A4. OLS estimates of the impact of weather shocks on child growth at different
stages of childhood in Peru and Vietnam

ke T vewem

Height-for-age | Height-for-age | Height-for-age | Height-for-age | Height-for-age

Weather shock before Round 1

Weather shock between Round

1and 2

Weather shock between Round

2and 3

Height-for-age
Round 1

Height-for-age
Round 2

Male

Second-born

Third- or later-born

Caregiver’s age at child’s birth

Caregiver’s education

Father's education

Wealth index in Round 1

Community consumption price

index in Round 1

Community consumption price
index in Round 2

Community consumption price
index in Round 3

Community education inputs
price index in Round 4

Community cognitive skills
inputs price index in Round 1

Community cognitive skills
inputs price index in Round 2

Community cognitive skills
inputs price index in Round 3

Community cognitive skills
inputs price index in Round 4

Community wage index in
Round 1

Community wage index in
Round 2

Community wage index in
Round 3

Community wage index in

Round 1

0.011%*
(0.002)

-0.339**
(0.135)
0.156
(0.168)
-0.053
(0.198)
-0.014
(0.011)
0.092***
(0.022)
0.067**
(0.024)
0.948*
(0.459)
1.268**
(0.504)
1.084**
(0.512)
-0.106
(0.761)
2.238
(1.389)
0.511
(0.510)
0.996*
(0.523)
-0.133
(0.759)
0.122
(0.585)
-1.484**
(0.618)
0.364
(0.358)
0.759*
(0.440)
-0.430

Round 2

-0.165***
(0.030)

0.804***
(0.040)

0.614**
(0.174)
-0.553**
(0.233)
-0.687***
(0.248)
0.033**
(0.014)
0.140%*
(0.029)
0.031
(0.032)
BB
(0.607)
-0.705
(0.561)
-0.617
(0.631)
1.699*
(0.921)
0.218
(1.732)
1.452*
(0.663)
-1.080
(0.681)
-1.442
(0.898)
-1.309*
(0.767)
-1.533*
(0.794)
o
(0.456)
-0.543
(0.597)
-0.179

Round 3

0.004***
(0.002)

0.852%*
(0.030)
-0.312**
(0.156)
-0.295
(0.211)
-0.297
(0.233)
0.018
(0.013)
0.062**
(0.027)
0.057*
(0.028)
0.448
(0.550)
-0.280
(0.526)
2o
(0.543)
1177
(0.812)
-0.919
(1.381)
-0.033
(0.533)
1.045*
(0.590)
0.529
(0.724)
0.760
(0.773)
0.680
(0.679)
-0.305
(0.397)
0.733
(0.563)
0.012

Round 1

0.358**
(0.052)

A5
(0.134)
0.009
(0.152)
0.066
(0.204)
-0.002
(0.009)
0.063**
(0.026)
0.057*
(0.027)
1.298**
(0.562)
-0.958
(2.679)
-1.085
(0.941)
1.814*
(0.988)
0.667
(0.704)
2.399*
(1.145)
-1.444%
(0.490)
0.329
(1.052)
-0.551
(0.553)
3.032%*
(0.642)
-1.538
(1.307)
-0.197
(0.849)
0.484

Round 2

-0.005***
(0.001)

0.889***
(0.038)

0.581%*
(0.148)
-0.437"*
(0.169)
-0.899***
(0.220)
-0.002
(0.010)
0.100%**
(0.027)
0.054*
(0.029)
2.029**
(0.600)
6.514%*
(2.337)
1.248
(0.815)
-0.350
(1.123)
0.535
(0.753)
0.034
(1.094)
0.272
(0.592)
-0.297
(1.116)
1.369**
(0.538)
3.265%*
(0.715)
-1.399
(1.012)
1.542*
(0.874)
-0.590

Height-for-
age
Round 3

0.336***
(0.074)

Kozl
(0.023)
-0.457***
(0.152)
-0.132
(0.177)
0.076
(0.239)
-0.014
(0.010)
0.013
(0.027)
0.028
(0.031)
-0.033
(0.726)
5.301%*
(1.977)
0.141
(0.710)
-1.412*
(0.814)
1.390**
(0.686)
2.065*
(1.049)
0.816*
(0.455)
-0.914
(0.848)
-0.765
(0.507)
-1.040*
(0.572)
-0.015
(0.930)
2.732%
(1.078)
-1.074
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Height-for-age | Height-for-age | Height-for-age | Height-for-age | Height-for-age | Height-for-

age
Round 3
Round 4 (0.452) (0.508) (0.451) (0.603) (0.680) (0.725)
Number of credit-providing 0.114 0.094 0.220% -0.051 -0.319* 0.313*
g‘gfjtnuéiﬁ”s in the community in (0.082) (0.089) (0.084) (0.156) (0.135) (0.112)
Number of schools in the 0.253* -0.048 0.254 0.514* -0.134 -0.094
SRR R 2 (0.134) (0.151) (0.159) (0.200) (0.221) (0.202)
Number of schools in the 0.188 -0.097 0.185 -0.102 0.182 -0.041
community in Round 3 (0.131) (0.179) (0.164) (0.070) (0.072) (0.070)
Number of schools in the 0.098 -0.186* -0.005 -0.068 -0.022 -0.020
community in Round 4 (0.067) (0.075) (0.065) (0.068) (0.066) (0.062)
Community has hospital in -0.011 -0.123
Round 2 (0.259) (0.807)
Community has hospital in -0.347 0.269 1.115** -0.939*
Round 3 (0.221) (0.269) (0.437) (0.539)
Community has hospital in 0.117 -0.058 0.027 0.778 -0.829 0.561
Round 4 (0.189) (0.243) (0.214) (0.860) (0.648) (0.493)
Community disease 0.295 0.667
environment index in Round 2 (0.474) (0.783)
Community disease 0.525 -0.990* 0.188 1,273
environment index in Round 3 (0.491) (0.590) (0.919) (0.786)
Community disease 0.313 0.425 -1.581% 0.137 0.101 0.272
environment index in Round 4 (0.542) (0.669) (0.553) (0.442) (0.473) (0.448)
Price index for medication in -0.082 0.580
R 2 (0.307) (0.378)
Price index for medication in -0.220 -0.080 -0.089 -0.430
Round 3 (0.286) (0.383) (0.561) (0.552)
Price index for medication in 0.156 0.273* -0.227* 0.106 0.048 0.109
e (0.101) (0.139) (0.115) (0.250) (0.265) (0.247)
Price index for food in Round 2 0.424 -0.990
(0.569) (0.805)
Price index for food in Round 3 0.563 0.217 2.372% 1,529
(0.410) (0.500) (0.842) (0.960)
Price index for food in Round 4 1.014* -0.096 -0.504 0.062 4171 0.395
(0.472) (0.604) (0.396) (0.847) (0.871) (0.634)
R-squared 0.23 0.49 0.67 0.20 0.57 0.70
Partial F statistic 35.86 29.01 8.64 46.68 13.5 20.35
Observations 1805 1805 1805 1805 1805 1805
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Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. Height-for-age is measured as the difference
of the child’s height from the WHO reference child of the same monthly age and gender in centimetres. All specifications include dummies for caregiver’s
ethnicity, and whether the PPVT was administered in the child’s native language, and for Peru dummy for whether the PPVT was administered in Spanish,
but estimates are not reported. The partial F statistic is the Kleibergen-Paap rk Wald F statistic of the first-stage of 2SLS estimation of the impact of height-
for-age on PPVT score implemented separately for each period using as an instrument for height-for-age the relevant to the period weather shock.
Weather shocks before Round 1 include deviations from locality, season, year norm of rainfall during the first trimester of pregnancy in Peru and
temperature one year before conception in Vietnam. Similarly, weather shocks between Round 1 and 2 are temperature in the second half of the fifth year
after birth in Peru and rainfall in the first half of the second year after Round 1 in Vietnam. Finally, weather shocks between Round 2 and 3 include rainfall
in the eighth year after birth in Peru and temperature in the second half of the first year after Round 2 in Vietnam.
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Table A5. /mpact of child growth at different stages of childhood on PPVT score at age

12 in Ethiopia
o T s T ols | asis | ois | asts |

Height-for-age Round 1 0.017* 0.042** 0.015%* 0.035 0.012* 0.011
(0.004) (0.021) (0.005) (0.022) (0.005) (0.018)
Height-for-age Round 2 0.006 0.084* -0.003 0.068
(0.004) (0.049) (0.005) (0.058)
Height-for-age Round 3 0.014*** 0.023
(0.004) (0.051)
Male -0.339* 0.614% -0.312* -0.331% 0.581%** -0.424**
(0.135) (0.174) (0.156) (0.134) (0.148) (0.151)
Second-born 0.156 -0.553* -0.295 0.009 -0.437** -0.141
(0.168) (0.233) (0.211) (0.152) (0.169) (0.175)
Third- or later-born -0.053 -0.687*** -0.297 0.066 -0.899*** 0.054
(0.198) (0.248) (0.233) (0.204) (0.220) (0.237)
Caregiver's age at child’s birth -0.014 0.033* 0.018 -0.002 -0.002 -0.014
(0.011) (0.014) (0.013) (0.009) (0.010) (0.010)
Caregiver's education 0.092*** 0.140%** 0.062** 0.063* 0.100*** 0.016
(0.022) (0.029) (0.027) (0.026) (0.027) (0.028)
Father's education 0.067** 0.031 0.057* 0.057* 0.054* 0.022
(0.024) (0.032) (0.028) (0.027) (0.029) (0.031)
Wealth index in Round 1 0.948* 3,527 0.448 1.208* 2.029%* 0.021
(0.459) (0.607) (0.550) (0.562) (0.600) (0.741)
Community consumption price 1.268™* -0.705 -0.280 -0.958 6.514%** 2.861
index in Round 1 (0.504) (0.561) (0.526) (2.679) (2.337) (2.514)
Community consumption price 1.084* -0.617 2.381%** -1.085 1.248 0.202
index in Round 2 (0.512) (0.631) (0.543) (0.941) (0.815) (0.855)
Community consumption price -0.106 1.699* 1177 1.814* -0.350 -2.828**
index in Round 3 (0.761) (0.921) (0.812) (0.988) (1.123) (1.268)
Community education inputs 2.238 0.218 -0.919 0.667 0.535 1.234*
price index in Round 4 (1.389) (1.732) (1.381) (0.704) (0.753) (0.733)
Community cognitive skills 0.511 1.452% -0.033 2.399** 0.034 2.931%
inputs price index in Round 1 (0.510) (0.663) (0.533) (1.145) (1.094) (1.093)
Community cognitive skills 0.996* -1.080 1.045* 4447+ 0.272 1,841+
inputs price index in Round 2 (0.523) (0.681) (0.590) (0.490) (0.592) (0.693)
Community cognitive skills -0.133 -1.442 0.529 0.329 -0.297 2,741
inputs price index in Round 3 (0.759) (0.898) (0.724) (1.052) (1.116) (1.089)
Community cognitive skills 0.122 -1.309¢ 0.760 -0.551 1.369* -1.725™
inputs price index in Round 4 (0.585) (0.767) (0.773) (0.553) (0.538) (0.691)
Community wage index in 1.484* -1.533* 0.680 3.032%** 3.265%* 1.708*
Round 1 (0.618) (0.794) (0.679) (0.642) (0.715) (0.761)
Community wage index in 0.364 2.230%* -0.305 -1.538 -1.399 1.532
Round 2 (0.358) (0.456) (0.397) (1.307) (1.012) (1.452)
Community wage index in 0.759* -0.543 0.733 -0.197 1.542* 3.060%*
Round 3 (0.440) (0.597) (0.563) (0.849) (0.874) (1.159)
Community wage index in -0.430 -0.179 0.012 0.484 -0.590 -1.172
Round 4 (0.452) (0.508) (0.451) (0.603) (0.680) (0.825)
Number of credit-providing 0.114 0.094 0.220%** -0.051 -0.319* 0.156
Eg}%iﬁns in the community in (0.082) (0.089) (0.084) (0.156) (0.135) (0.163)
Number of schools in the 0.253* -0.048 0.254 0.514** -0.134 -0.125
community Round 2 (0.134) (0.151) (0.159) (0.200) (0.221) (0.236)
Number of schools in the 0.188 -0.097 0.185 -0.102 0.182** 0.031
community in Round 3 (0.131) (0.179) (0.164) (0.070) (0.072) (0.077)
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Number of schools in the 0.098 -0.186** -0.005 -0.068 -0.022 -0.002
community in Round 4 (0.061) (0.075) (0.065) (0.068) (0.066) (0.073)
Community has hospital in -0.011 -0.123 0.786
Round 2 (0.259) (0.807) (0.778)
Community has hospital in -0.347 0.269 1.115% -0.939¢ -0.333
Round 3 (0.221) (0.269) (0.437) (0.539) (0.625)
Community has hospital in -0.117 -0.058 0.027 -0.778 -0.829 -0.627
Round 4 (0.189) (0.243) (0.214) (0.860) (0.648) (0.680)
Community disease 0.295 0.667 0.894
environment index in Round 2 (0.474) (0.783) (0.867)
Community disease 0.525 -0.990* 0.188 1.273 0.733
environment index in Round 3 (0.491) (0.590) (0.919) (0.786) (0.843)
Community disease 0.313 0.425 -1.581** 0.137 0.101 0.699
environment index in Round 4 (0.542) (0.669) (0.553) (0.442) (0.473) (0.485)
Price index for medication in -0.082 0.580 -0.817**
Round 2 (0.307) (0.378) (0.342)
Price index for medication in -0.220 -0.080 -0.089 -0.430 0.622
Round 3 (0.286) (0.383) (0.561) (0.552) (0.524)
Price index for medication in 0.156 0.273** -0.227** 0.106 0.048 -0.156
Round 4 (0.101) (0.139) (0.115) (0.250) (0.265) (0.266)
Price index for food in Round 2 0.424 -0.990 0.370
(0.569) (0.805) (0.807)
Price index for food in Round 3 0.563 0.217 2,372+ 1.529 -3.501**
(0.410) (0.500) (0.842) (0.960) (1.039)
Price index for food in Round 4 -1.014** -0.096 -0.504 0.062 -1.171 2.059***
(0.472) (0.604) (0.396) (0.847) (0.871) (0.764)
R-squared 0.51 0.51 0.50
Kleibergen-Paap F statistic 56.18 7.38 3.40
Stock and Yogo critical value 16.38 7.03
Observations 1403 1403 1403 1403 1403 1403

ek

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised PPVT score. Height-for-age is measured as the difference of the child’s height from the WHO reference of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity, whether the PPVT was administered in the child’s native language, and
dummies for the language at which PPVT was administered, but estimates are not reported. The Stock and Yogo critical value is the one for a 10%
maximal 2SLS test size distortion. Excluded instruments for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-
identified column of Table 3.
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Table A6. /mpact of child growth at different stages of childhood on PPVT score at age

12 in India
e o e s ols 1™ sis " ois i
Height-for-age Round 1 0.037* 0.052 0.033*** 0.130* 0.031%* 0.076
(0.005) (0.052) (0.007) (0.076) (0.007) (0.113)
Height-for-age Round 2 0.005 -0.095 -0.004 -0.188*
(0.008) (0.083) (0.007) (0.108)
Height-for-age Round 3 0.010** 0.162
(0.005) (0.104)
Male 0.135* 0.136* 0.132%* 0124 0.132%* 0.107*
(0.040) (0.040) (0.040) (0.046) (0.040) (0.056)
Second-bom -0.066 -0.069 -0.066 -0.089* -0.065 0.003
(0.043) (0.045) (0.043) (0.051) (0.044) (0.091)
Third- or later-born -0.182** -0.180** -0.183** -0.252%* -0.181** -0.092
(0.063) (0.064) (0.064) (0.093) (0.065) (0.146)
Caregiver’s age at child’s birth -0.001 -0.002 -0.002 -0.001 -0.002 -0.009
(0.004) (0.005) (0.004) (0.006) (0.005) (0.008)
Caregiver's education 0.029** 0.028** 0.030** 0.030** 0.030** 0.018
(0.008) (0.008) (0.008) (0.008) (0.006) (0.011)
Father's education 0.021** 0.020%** 0.020%** 0.025%** 0.021%* 0.028**
(0.005) (0.005) (0.005) (0.008) (0.005) (0.009)
Wealth index in Round 1 0.347* 0.326* 0.342* 0.455* 0.283* 0.012
(0.142) (0.160) (0.142) (0.238) (0.139) (0.346)
Community consumption price 0.066 0.057 0.043 0.126 0.027 -0.125
index in Round 1 (0.104) (0.111) (0.104) (0.151) (0.101) (0.234)
Community consumption price 0.031 0.013 -0.087 -0.030 -0.222 -0.170
index in Round 2 (0.207) (0.213) (0.188) (0.244) (0.186) (0.295)
Community consumption price 0.156 0.185 0.209 0.112 -0.059 0.088
index in Round 3 0.171) (0.197) (0.170) (0.282) (0.147) (0.245)
Community education inputs 0.297** 0.302** 0.198 0.132 0.123 0.226
price index in Round 4 (0.149) (0.151) (0.134) (0.159) (0.129) (0.197)
Community cognitive skills -0.225** -0.229* -0.174 -0.087 -0.111 -0.123
inputs price index in Round 1 (0.112) (0.114) (0.107) (0.132) (0.093) (0.145)
Community cognitive skills -0.190 -0.182 -0.199 -0.184 -0.259* -0.308
inputs price index in Round 2 (0.169) (0.172) (0.158) (0.172) (0.149) (0.213)
Community cognitive skills 0.063 0.068 0.078 0.118 0.110 0.266*
inputs price index in Round 3 (0.114) (0.114) (0.113) (0.133) (0.111) (0.155)
Community cognitive skills -0.017 -0.005 -0.008 -0.032 -0.009 -0.046
inputs price index in Round 4 (0.099) (0.108) (0.100) (0.132) (0.095) (0.136)
Community wage index in -0.280 -0.244 -0.310* 0.009 -0.343* -0.249
Round 1 (0.171) (0.205) (0.171) (0.284) (0.166) (0.360)
Community wage index in -0.093 -0.090 -0.075 0.070 -0.026 0.167
Round 2 (0.163) (0.162) (0.162) (0.201) (0.163) (0.240)
Community wage index in 0.860** 0.858*** 0.852%** 0.816*** 0.748** 0.810%*
Round 3 0.171) (0.172) (0.162) (0.181) (0.154) (0.219)
Community wage index in 0.050 0.046 0.037 0.205 0.116 0.293
Round 4 (0.131) (0.131) (0.128) (0.205) (0.118) (0.222)
Number of credit-providing -0.050* -0.051% -0.031 -0.010 -0.040 -0.039
Eg}%iqns in the community in (0.029) (0.030) (0.027) (0.034) (0.026) (0.045)
Number of schools in the -0.138%* -0.134** -0.141%* -0.112%* -0.126%** -0.179*
community Round 2 (0.031) (0.034) (0.031) (0.039) (0.029) (0.072)
Number of schools in the 0.007 0.007 0.008 0.009 0.003 0.035

community in Round 3 (0.010) (0.010) (0.010) (0.012) (0.009) (0.025)
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Number of schools in the
community in Round 4

Community has hospital in
Round 2

Community has hospital in
Round 3

Community has hospital in
Round 4

Community disease
environment index in Round 2

Community disease
environment index in Round 3

Community disease
environment index in Round 4

Price index for medication in
Round 2

Price index for medication in
Round 3

Price index for medication in
Round 4

Price index for food in Round 2
Price index for food in Round 3
Price index for food in Round 4
R-squared

Kleibergen-Paap F statistic

Stock and Yogo critical value
Observations

oLS
0.023*
(0.013)
0.004
(0.056)
0.122*
(0.069)
0.100*
(0.052)
0.432%
(0.163)
0.153
(0.141)
-0.448***
(0.145)
0.183
(0.153)
-0.040
(0.139)
0.229**
(0.102)
-0.467*
(0.272)
-0.527*
(0.223)
0.236
(0.225)
0.28

1806

2SLS
0.022*
(0.013)
-0.002
(0.061)
0.130*
(0.075)
0.095*
(0.054)
0.434%**
(0.164)
0.174
(0.154)
-0.439"**
(0.148)
0.207
(0.179)
-0.063
(0.159)
0.245**
(0.116)
-0.476*
(0.275)
-0.566**
(0.261)
0.270
(0.256)

25.02
16.38
1806

oLS
0.027**
(0.013)

0.148*

(0.067)
0.091*

(0.051)

0.137
(0.140)
Y=
(0.142)

0.061

(0.130)
0.198**

(0.097)

-0.632***

(0.211)
0.274

(0.222)
0.28

1806

2SLS
0.015
(0.016)

0.117

(0.088)
0.094

(0.064)

0.061
(0.220)
-0.370**
(0.156)

-0.051
(0.172)

0.235*
(0.140)

-0.640*

(0.296)
0.495

(0.313)

3199
7.03
1806

oLS
0.029**
(0.013)

0.145%*
(0.047)

-0.408***
(0.136)

0.216**
(0.097)

0.144
(0.216)
0.27

1806

2SLS
0.009
(0.018)

0.162**
(0.068)

-0.465**
(0.180)

0.265
(0.175)

0.395
(0.330)

1.83

1806
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Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised PPVT score. Height-for-age is measured as the difference of the child’s height from the WHO reference of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity and whether the PPVT was administered in the child’s native language,
but estimates are not reported. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size distortion. Excluded instruments for height-
for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified column of Table 3.
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Table A7. Impact of child growth at different stages of childhood on PPVT score at age

12 in Peru
I B S S S T
Height-for-age Round 1 0.021** 0.067 0.005 -0.065* 0.001 -0.045
(0.006) (0.044) (0.007) (0.036) (0.007) (0.040)
Height-for-age Round 2 0.021*** 0.160*** 0.015** 0.229**
(0.005) (0.061) (0.006) (0.116)
Height-for-age Round 3 0.009* -0.121
(0.005) (0.103)
Male 0.172%* 0.186** 0.157** 0.084* 0.157** 0.065
(0.036) (0.038) (0.035) (0.051) (0.035) (0.061)
Second-born 0.031 0.024 0.041 0.104* 0.041 0.056
(0.046) (0.047) (0.046) (0.060) (0.046) (0.067)
Third- or later-born -0.090* -0.089* -0.079 0.009 -0.080* -0.052
(0.049) (0.049) (0.048) (0.071) (0.048) (0.072)
Caregiver's age at child’s birth 0.006** 0.006** 0.005* 0.001 0.005* 0.004
(0.003) (0.003) (0.003) (0.004) (0.003) (0.004)
Caregiver's education 0.056** 0.051** 0.052** 0.031* 0.053** 0.044**
(0.008) (0.007) (0.008) (0.014) (0.006) (0.012)
Father's education 0.026** 0.023** 0.025%** 0.018* 0.025%** 0.026***
(0.007) (0.008) (0.007) (0.009) (0.007) (0.010)
Wealth index in Round 1 0.678** 0.630*** 0.610"* 0.093 0.646* 0.353
(0.116) (0.127) (0.115) (0.298) (0.113) (0.246)
Community consumption price -0.301** -0.344** -0.315*** -0.292** -0.259** -0.258*
index in Round 1 (0.124) (0.129) (0.120) (0.144) (0.118) (0.155)
Community consumption price 0.106 0.062 0.114 0.1583 0.123 0.444
index in Round 2 (0.129) (0.136) (0.127) (0.155) (0.125) (0.279)
Community consumption price 0.191 0.189 0.126 0.043 0.147 0.261
index in Round 3 (0.189) (0.192) (0.181) (0.217) (0.179) (0.250)
Community education inputs 0.374 0.306 0.412 0.539 0.315 0.344
price index in Round 4 (0.368) (0.378) (0.353) (0.416) (0.344) (0.424)
Community cognitive skills 0.174 0.166 0.174 -0.004 0.175 0.030
inputs price index in Round 1 (0.135) (0.138) (0.133) (0.185) (0.130) 0.177)
Community cognitive skills -0.187 -0.242 -0.135 0.063 -0.153 0.164
inputs price index in Round 2 (0.153) (0.167) (0.147) (0.193) (0.144) (0.232)
Community cognitive skills 0.006 0.013 0.067 0.150 0.116 0.201
inputs price index in Round 3 (0.184) (0.188) (0.178) (0.220) (0.173) (0.223)
Community cognitive skills 0.225 0.217 0.234 0.412* 0.204 0.447*
inputs price index in Round 4 (0.177) (0.177) (0.174) (0.218) (0.173) (0.248)
Community wage index in 0.072 0.137 0.133 0.393 0.142 0.423
Round 1 (0.164) (0.172) (0.162) (0.242) (0.162) (0.259)
Community wage index in 0.122 0.098 0.078 -0.193 0.096 -0.135
Round 2 (0.094) (0.097) (0.093) (0.176) (0.093) (0.174)
Community wage index in 0.017 -0.008 0.022 0.017 0.032 0.108
Round 3 (0.130) (0.133) (0.128) (0.148) (0.127) (0.158)
Community wage index in 0.427%+ 0.444% 0.436** 0.473* 0.489** 0.513%*
Round 4 (0.116) (0.117) (0.112) (0.130) (0.111) (0.142)
Number of credit-providing 0.040** 0.036* 0.035* 0.009 0.030* 0.038
Eg}%iqns in the community in (0.019) (0.020) (0.019) (0.027) (0.018) (0.030)
Number of schools in the -0.010 -0.020 0.006 0.002 0.016 0.050
community Round 2 (0.036) (0.038) (0.033) (0.040) (0.033) (0.050)
Number of schools in the -0.083"* -0.090** -0.078* -0.071 -0.086** -0.074

community in Round 3 (0.039) (0.039) (0.038) (0.046) (0.037) (0.048)
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Number of schools in the 0.003 -0.001 0.004 0.023 0.011 0.020
community in Round 4 (0.016) (0.017) (0.016) (0.020) (0.015) (0.019)
Community has hospital in 0.064 0.066
Round 2 (0.065) (0.067)
Community has hospital in 0.096 0.109* 0.115** 0.096
Round 3 (0.063) (0.066) (0.056) (0.069)
Community has hospital in 0.056 0.062 0.066 0.072 0.103* 0.121**
Round 4 (0.052) (0.053) (0.051) (0.061) (0.047) (0.060)
Community disease 0.012 0.008
environment index in Round 2 (0.122) (0.123)
Community disease 0.093 0.070 0.116 0.234
environment index in Round 3 (0.127) (0.132) (0.124) (0.156)
Community disease 0.099 0.082 0.096 0.059 0.161 -0.053
environment index in Round 4 (0.139) (0.140) (0.134) (0.161) (0.133) (0.233)
Price index for medication in 0.055 0.060
Round 2 (0.069) (0.068)
Price index for medication in 0.098 0.108 0.101 0.103
Round 3 (0.077) (0.078) (0.076) (0.090)
Price index for medication in 0.051* 0.042 0.048* 0.008 0.058** 0.004
Round 4 (0.029) (0.030) (0.028) (0.040) (0.027) (0.046)
Price index for food in Round 2 -0.038 -0.058
(0.149) (0.152)
Price index for food in Round 3 0.091 0.073 0.077 0.017
(0.107) (0.110) (0.099) (0.125)
Price index for food in Round 4 0.212 0.248* 0.222* 0.241 0.286*** 0.194
(0.134) (0.139) (0.127) (0.153) (0.099) (0.126)
R-squared 0.42 0.43 0.449
Kleibergen-Paap F statistic 35.86 6.29 2.44
Stock and Yogo critical value 16.38 7.03
Observations 1805 1805 1805 1805 1805 1805

54

Notes: Robust standard errors in parentheses,

ek

significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-

standardised PPVT score. Height-for-age is measured as the difference of the child’s height from the WHO reference of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity, whether the PPVT was administered in the child’s native language, and
a dummy for whether the PPVT was administered in Spanish, but estimates are not reported. The Stock and Yogo critical value is the one for a 10%
maximal 2SLS test size distortion. Excluded instruments for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-

identified column of Table 3.
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Table A8. /mpact of child growth at different stages of childhood on PPVT score at age
12 in Vietham

Height-for-age Round 1 0.025* 0.184*** 0.023*** 0.159%** 0.024*** 0.222%*
(0.006) (0.043) (0.008) (0.034) (0.008) (0.051)
Height-for-age Round 2 0.003 -0.099** -0.001 0.022
(0.006) (0.041) (0.007) (0.077)
Height-for-age Round 3 0.004 -0.182**
(0.004) (0.086)
Male 0.042 0.099** 0.046 0.121%* 0.050 0.082
(0.036) (0.046) (0.037) (0.044) (0.037) (0.060)
Second-born -0.044 -0.036 -0.057 -0.098** -0.061 -0.150*
(0.040) (0.047) (0.041) (0.049) (0.041) (0.073)
Third- or later-born -0.199*** -0.206*** -0.209** -0.302** -0.221** -0.355%**
(0.058) (0.085) (0.059) (0.073) (0.059) (0.103)
Caregiver’s age at child’s birth 0.002 0.002 0.002 0.002 0.002 -0.001
(0.002) (0.003) (0.002) (0.003) (0.002) (0.004)
Caregiver's education 0.026*** 0.016* 0.025* 0.032** 0.025* 0.041*
(0.007) (0.008) (0.007) (0.010) (0.007) (0.015)
Father's education 0.022** 0.013 0.023** 0.025%** 0.023*** 0.033*
(0.007) (0.008) (0.007) (0.009) (0.007) (0.013)
Wealth index in Round 1 0.602** 0.407** 0.580** 0.733" 0.555%* 0.869***
(0.141) (0.175) (0.144) (0.208) (0.142) (0.326)
Community consumption price 1.510** 1.779** 2.605*** 3.332% 1.919*** 3.786***
index in Round 1 (0.705) (0.799) (0.656) (0.731) (0.595) (0.999)
Community consumption price 1,447 1,178 1,149+ 1.230% 1,293+ 1,552+
index in Round 2 (0.225) (0.266) (0.207) (0.222) (0.194) (0.283)
Community consumption price -0.016 -0.172 -0.087 -0.135 -0.397* -0.739**
index in Round 3 (0.225) (0.279) (0.235) (0.263) (0.203) (0.343)
Community education inputs 0.260 0.247 0.265 0.299 0.199 0.552*
price index in Round 4 (0.187) (0.222) (0.176) (0.185) (0.171) (0.286)
Community cognitive skills 0.445 0.065 -0.236 -0.257 -0.404 -0.118
inputs price index in Round 1 (0.290) (0.367) (0.271) (0.335) (0.267) (0.460)
Community cognitive skills 0.345** 0.456*** 0.417% 0.484*+ 0.458** 0.789**
inputs price index in Round 2 (0.119) (0.142) (0.119) (0.133) (0.104) (0.186)
Community cognitive skills -0.476* -0.493 -0.791%* -0.936*** 1,312+ A.767*
inputs price index in Round 3 (0.287) (0.344) (0.284) (0.320) (0.220) (0.427)
Community cognitive skills 0.377* 0.338* -0.031 0.094 -0.155 -0.148
inputs price index in Round 4 (0.138) (0.163) (0.118) (0.137) (0.113) (0.182)
Community wage index in -0.175 -0.599** -0.041 0.125 0.092 0.183
Round 1 (0.198) (0.246) (0.163) (0.269) (0.124) (0.334)
Community wage index in -0.471 -0.227 -0.536* -0.559"* -0.268 -0.275
Round 2 (0.329) (0.374) (0.237) (0.255) (0.218) (0.309)
Community wage index in -0.280 -0.226 0.232 0.348 0.098 0.593*
Round 3 (0.212) (0.258) (0.189) (0.223) (0.176) (0.359)
Community wage index in 0.315% 0.249 0.224 0.154 0.282* -0.041
Round 4 (0.154) (0.186) (0.152) (0.170) (0.153) (0.261)
Number of credit-providing 0.047 0.063 0.020 -0.001 0.025 0.047
ngjtnuéiqns in the community in (0.036) (0.043) (0.033) (0.039) (0.029) (0.044)
Number of schools in the -0.108** -0.141% -0.229*** -0.202+** -0.251%* -0.256***
community Round 2 (0.049) (0.058) (0.048) (0.056) (0.047) (0.069)
Number of schools in the 0.010 0.011 0.036** 0.048** 0.032** 0.043*

community in Round 3 (0.017) (0.021) (0.015) (0.019) (0.015) (0.025)
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Number of schools in the -0.008 0.002 -0.015 -0.019 -0.003 -0.013
community in Round 4 (0.015) (0.019) (0.015) (0.017) (0.014) (0.022)
Community has hospital in -0.237 -0.111
Round 2 (0.228) (0.246)
Community has hospital in 0.294*** 0.118 0.308*** 0.215*
Round 3 (0.112) (0.138) (0.110) (0.126)
Community has hospital in 0.750*** 0.917** 1.213*** 1.259*** 1.125%** 1.300%**
Round 4 (0.256) (0.292) (0.226) (0.251) (0.216) (0.285)
Community disease -0.667*** -0.644**
environment index in Round 2 (0.191) (0.221)
Community disease 0.299 0.183 0.122 0.245
environment index in Round 3 (0.218) (0.262) (0.200) (0.237)
Community disease 0.114 0.102 0.091 0.132 0.165 0.223
environment index in Round 4 (0.114) (0.134) (0.110) (0.125) (0.108) 0.171)
Price index for medication in -0.465*** -0.494***
Round 2 (0.091) (0.109)
Price index for medication in 0.033 0.076 -0.324* -0.351*
Round 3 (0.147) (0.172) (0.134) (0.152)
Price index for medication in -0.091 -0.105 -0.062 -0.081 -0.089 -0.060
Round 4 (0.075) (0.087) (0.067) (0.077) (0.065) (0.096)
Price index for food in Round 2 -0.874** -0.762***
(0.194) (0.230)
Price index for food in Round 3 0.615** 0.128 0.691*** 0.698**
(0.256) (0.309) (0.238) (0.291)
Price index for food in Round 4 0.123 0.180 0.009 -0.129 0.115 0.113
(0.213) (0.262) (0.214) (0.242) (0.192) (0.270)
R-squared 0.36 0.34 0.34
Kleibergen-Paap F statistic 46.68 11.63 8.2
Stock and Yogo critical value 16.38 7.03
Observations 1805 1805 1805 1805 1805 1805
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Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised PPVT score. Height-for-age is measured as the difference of the child’s height from the WHO reference of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity and whether the PPVT was administered in the child’s native language,
but estimates are not reported. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size distortion. Excluded instruments for height-
for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified column of Table 3.
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Table A9. /mpact of child growth at different stages of childhood on MATH score at age

12 in Ethiopia
e ol ™ sis [ ots | sts | ois | asis |

Height-for-age Round 1 0.012* -0.012 0.010* -0.010 0.006 0.015
(0.005) (0.024) (0.006) (0.022) (0.006) (0.020)
Height-for-age Round 2 0.004 -0.014 -0.006 -0.073
(0.005) (0.048) (0.008) (0.066)
Height-for-age Round 3 0.015%** 0.042
(0.005) (0.060)
Male -0.006 -0.024 -0.008 -0.032 -0.014 -0.023
(0.044) (0.048) (0.045) (0.050) (0.045) (0.054)
Second-born 0.068 0.073 0.068 0.056 0.069 0.008
(0.068) (0.069) (0.068) (0.084) (0.068) (0.093)
Third- or later-born -0.001 0.002 -0.007 -0.016 -0.003 -0.034
(0.058) (0.058) (0.058) (0.065) (0.057) (0.066)
Caregiver’s age at child’s birth -0.001 -0.001 -0.001 -0.001 -0.001 0.001
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
Caregiver's education 0.016* 0.017* 0.015* 0.017* 0.016* 0.017*
(0.009) (0.009) (0.009) (0.009) (0.009) (0.009)
Father's education 0.031** 0.032** 0.030"* 0.034** 0.031%* 0.037***
(0.008) (0.008) (0.008) (0.010) (0.008) (0.011)
Wealth index in Round 1 1.068** 1.169** 1.111% 1.237* 1.160** 1.116**
(0.263) (0.291) (0.261) (0.288) (0.253) (0.313)
Community consumption price index -0.378 -0.415% -0.459* -0.494+* -0.203 -0.156
in Round 1 (0.248) (0.252) (0.188) (0.190) (0.133) (0.144)
Community consumption price index 0.015 0.036 0.001 0.019 -0.260* -0.220
in Round 2 (0.181) (0.183) (0.173) (0.179) (0.139) (0.151)
Community consumption price index 0.031 0.069 0.176 0.213 0.356* 0.406*
in Round 3 (0.422) (0.429) (0.407) (0.418) (0.205) (0.211)
Community education inputs price 0.220 0.160 0.243 0.203 0.361** 0.453**
index in Round 4 (0.213) (0.223) (0.210) (0.224) (0.173) (0.198)
Community cognitive skills inputs 0.079 0.056 0.030 -0.004 -0.016 0.027
price index in Round 1 (0.226) (0.226) (0.166) (0.168) (0.151) (0.180)
Community cognitive skills inputs -0.714* -0.714* -0.603** -0.623 -0.556** -0.825*
price index in Round 2 (0.342) (0.344) (0.234) (0.317) (0.226) (0.336)
Community cognitive skills inputs 0.048 0.032 0.069 0.038 0.138 0.191
price index in Round 3 (0.281) (0.284) (0.242) (0.241) (0.158) (0.187)
Community cognitive skills inputs -0.137 -0.128 -0.046 -0.002 -0.038 0.079
price index in Round 4 (0.167) (0.167) (0.159) (0.184) (0.133) (0.179)
Community wage index in Round 1 0.241 0.200 0.286 0.284 0.073 0.133
(0.193) (0.196) (0.174) (0.201) (0.151) (0.176)
Community wage index in Round 2 0.371 0.352 0.410* 0.321 0.192 0.191
(0.258) (0.261) (0.232) (0.242) (0.226) (0.242)
Community wage index in Round 3 -0.304 -0.311 -0.161 -0.152 0.027 -0.008
(0.214) (0.217) (0.202) (0.204) (0.179) (0.194)
Community wage index in Round 4 0.077 0.071 0.091 0.088 -0.002 0.045
(0.157) (0.158) (0.136) (0.148) (0.103) (0.116)
Number of credit-providing institutions -0.078 -0.080 -0.098 -0.098 0.060* 0.055
in the community in Round 1 (0.085) (0.084) (0.081) (0.083) (0.034) (0.040)
Number of schools in the community 0.164* 0.160 0.242%+ 0.222* 0.236** 0.191*
Round 2 (0.098) (0.099) (0.079) (0.092) (0.079) (0.090)
Number of schools in the community 0.041 0.039 0.052 0.056 0.020 0.049
in Round 3 (0.042) (0.043) (0.037) (0.042) (0.034) (0.045)
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Number of schools in the community 0.009 0.012 0.021 0.023 0.027 0.024
in Round 4 (0.021) (0.021) (0.020) (0.020) (0.018) (0.021)
Community has hospital in Round 2 -0.095 -0.111
(0.255) (0.261)
Community has hospital in Round 3 0.453** 0.458** 0.371** 0.390**
(0.200) (0.198) (0.189) (0.189)
Community has hospital in Round 4 0.104 0.135 -0.229 -0.176 -0.044 -0.065
(0.306) (0.306) (0.243) (0.261) (0.206) (0.219)
Community disease environment 0.202 -0.025
index in Round 2 (0.539) (0.599)
Community disease environment -0.316 -0.345 -0.255 -0.272
index in Round 3 (0.409) (0.414) (0.351) (0.357)
Community disease environment -0.187 -0.169 -0.248 -0.215 -0.186 -0.373
index in Round 4 (0.310) (0.313) (0.277) (0.327) (0.204) (0.320)
Price index for medication in Round 2 0.296™* 0.321**
(0.134) (0.139)
Price index for medication in Round 3 0.585 0.518 0.254 0.182
(0.486) (0.494) (0.456) (0.470)
Price index for medication in Round 4 0.324* 0.335* 0.161 0.152 0.158 0.104
(0.174) (0.175) (0.126) (0.148) (0.114) (0.132)
Price index for food in Round 2 0.120 0.080
(0.348) (0.354)
Price index for food in Round 3 -1.666** -1.368 -1.5691** -1.446**
(0.790) (0.845) (0.659) (0.661)
Price index for food in Round 4 1.321** 1.295** 0.784 0.741 0.183 0.498
(0.634) (0.643) (0.545) (0.664) (0.475) (0.608)
R-squared 0.33 0.33 0.33
Kleibergen-Paap F statistic 56.69 7.975 3.538
Stock and Yogo critical value 16.38 7.03
Observations 1403 1403 1403 1403 1403 1403

ek,

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised MATH score. Height-for-age is measured as the difference of the child’s height from the WHO reference of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity, whether the PPVT was administered in the child’s native language, and
dummies for the language at which MATH was administered, but estimates are not reported. The Stock and Yogo critical value is the one for a 10%
maximal 2SLS test size distortion. Excluded instruments for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-
identified column of Table 3.
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Table A10. /mpact of child growth at different stages of childhood on MATH score at age

12 in India

oLs 2SLS oLs 2SLS oLs 2SLS

Height-for-age Round 1 0.022** 0.116* 0.013* 0.252%** 0.011 0.188
(0.006) (0.053) (0.007) (0.092) (0.007) (0.137)
Height-for-age Round 2 0.013** -0.129 0.004 -0.249¢
(0.005) (0.102) (0.007) (0.130)

Height-for-age Round 3 0.010* 0.192
(0.006) (0.132)

Male 0.038 0.047 0.036 0.035 0.035 0.014
(0.040) (0.043) (0.040) (0.055) (0.040) (0.068)

Second-born -0.039 -0.062 -0.038 -0.095 -0.038 0.015
(0.045) (0.050) (0.045) (0.062) (0.045) (0.113)

Third- or later-born -0.187** -0.174* -0.181** -0.265* -0.178** -0.082
(0.061) (0.066) (0.062) (0.107) (0.062) (0.178)

Caregiver’s age at child’s birth 0.001 -0.003 0.001 -0.002 0.001 -0.011
(0.004) (0.005) (0.004) (0.007) (0.004) (0.009)
Caregiver's education 0.044*+ 0.039** 0.045*+ 0.039** 0.044*+ 0.025*
(0.008) (0.007) (0.008) (0.010) (0.006) (0.014)

Father's education 0.032* 0.029** 0.033*** 0.036*** 0.034*** 0.040%**

(0.005) (0.006) (0.005) (0.010) (0.005) (0.011)

Wealth index in Round 1 0.624** 0.495*+ 0.600** 0.606** 0.518** 0.080
(0.152) (0.179) (0.152) (0.302) (0.150) (0.439)

Community consumption price -0.015 -0.070 0.027 0.083 0.038 -0.198
index in Round 1 (0.107) (0.115) (0.107) (0.182) (0.106) (0.287)
Community consumption price 0.043 -0.066 0.052 -0.003 -0.052 -0.090
index in Round 2 (0.208) (0.232) (0.182) (0.284) (0.174) (0.339)
Community consumption price 0.094 0.274 0.167 0.243 -0.028 0.247
index in Round 3 (0.180) (0.224) (0.178) (0.347) (0.156) (0.297)
Community education inputs 0.317** 0.352** 0.223 0.130 0.225 0.299
price index in Round 4 (0.151) (0.164) (0.141) (0.204) (0.139) (0.257)
Community cognitive skills 0.126 0.098 0.095 0.244 0.262%** 0.265
inputs price index in Round 1 (0.112) (0.123) (0.103) (0.163) (0.089) (0.187)
Community cognitive skills 0.236 0.290* 0.041 0.085 0.118 0.085
inputs price index in Round 2 (0.160) (0.174) (0.150) (0.204) (0.134) (0.248)
Community cognitive skills -0.212% -0.179 -0.213* -0.097 -0.147 0.073
inputs price index in Round 3 (0.114) (0.128) (0.114) (0.175) (0.112) (0.198)
Community cognitive skills -0.073 0.003 -0.065 -0.021 -0.009 -0.028
inputs price index in Round 4 (0.103) (0.119) (0.104) (0.162) (0.100) (0.166)
Community wage index in 0.152 0.380* 0.137 0.833* 0.086 0.503
Round 1 (0.174) (0.228) (0.172) (0.360) (0.166) (0.451)
Community wage index in -0.122 -0.100 -0.050 0.194 0.021 0.324
Round 2 (0.157) (0.167) (0.157) (0.243) (0.156) (0.280)
Community wage index in 0.177 0.161 0.176 0.085 0.105 0.101
Round 3 0.177) (0.191) (0.162) (0.217) (0.158) (0.270)
Community wage index in 0.173 0.149 0.028 0.224 0.106 0.374
Round 4 (0.132) (0.143) (0.127) (0.258) (0.121) (0.283)
Number of credit-providing 0.001 -0.007 0.030 0.062 0.025 0.038
Eg}%iqns in the community in (0.029) (0.032) (0.027) (0.042) (0.026) (0.060)
Number of schools in the -0.154** -0.128** -0.130%* -0.063 -0.128** -0.160*
community Round 2 (0.030) (0.036) (0.030) (0.050) (0.028) (0.091)
Number of schools in the -0.006 -0.011 0.002 -0.002 -0.008 0.027

community in Round 3 (0.010) (0.011) (0.010) (0.014) (0.009) (0.031)
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OoLS 2SLS OoLS 2SLS OoLS 2SLS

Number of schools in the 0.019 0.015 0.025* 0.002 0.027* -0.007
community in Round 4 (0.015) (0.015) (0.014) (0.021) (0.014) (0.023)
Community has hospital in 0.207*** 0.168**
Round 2 (0.058) (0.065)
Community has hospital in -0.039 0.012 0.017 0.010
Round 3 (0.069) (0.080) (0.068) (0.107)
Community has hospital in 0.001 -0.026 0.003 -0.031 0.020 0.016
Round 4 (0.051) (0.058) (0.051) (0.078) (0.048) (0.082)
Community disease 0.446*** 0.463***
environment index in Round 2 (0.170) (0.178)
Community disease -0.052 0.080 -0.094 -0.055
environment index in Round 3 (0.142) (0.172) (0.142) (0.273)
Community disease -0.430*** -0.374** -0.331* -0.211 -0.303** -0.345
environment index in Round 4 (0.149) (0.158) (0.143) (0.189) (0.138) (0.213)
Price index for medication in 0.547** 0.698***
Round 2 (0.162) (0.194)
Price index for medication in 0.056 -0.093 0.301** 0.007
Round 3 (0.144) (0.181) (0.132) (0.217)
Price index for medication in 0.245** 0.349** 0.290*** 0.480*** 0.319** 0.516**
Round 4 (0.107) (0.131) (0.102) (0.173) (0.101) (0.208)
Price index for food in Round 2 -0.042 -0.094

(0.279) (0.297)
Price index for food in Round 3 -0.406* -0.655** -0.448** -0.692**

(0.218) (0.272) (0.204) (0.348)
Price index for food in Round 4 -0.101 0.117 -0.130 0.468 -0.158 0.408

(0.248) (0.304) (0.250) (0.392) (0.243) (0.411)
R-squared 0.29 0.28 0.28
Kleibergen-Paap F statistic 25.02 3.99 1.83
Stock and Yogo critical value 16.38 7.03
Observations 1806 1806 1806 1806 1806 1806
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Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised MATH score. Height-for-age is measured as the difference of the child’s height from the WHO reference child of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity and whether the MATH was administered in the child’s native
language, but estimates are not reported. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size distortion. Excluded instruments
for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified column of Table 3.
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Table A11. /mpact of child growth at different stages of childhood on MATH score at age

12 in Peru
oLs 2SLS oLs 2SLS oLs 2SLS
Height-for-age Round 1 0.013* -0.036 0.001 -0.031 0.001 -0.020
(0.007) (0.050) (0.008) (0.036) (0.008) (0.039)
Height-for-age Round 2 0.016™** -0.014 0.016** 0.017
(0.005) (0.059) (0.006) (0.112)
Height-for-age Round 3 0.001 -0.062
(0.005) (0.103)
Male 0.046 0.030 0.035 0.037 0.033 0.026
(0.040) (0.043) (0.040) (0.051) (0.040) (0.062)
Second-born 0.011 0.019 0.017 0.010 0.017 -0.019
(0.051) (0.053) (0.051) (0.058) (0.051) (0.064)
Third- or later-born -0.012 -0.014 -0.004 -0.026 -0.009 -0.068
(0.059) (0.059) (0.059) (0.072) (0.059) (0.073)
Caregiver’s age at child’s birth 0.003 0.003 0.003 0.003 0.003 0.005
(0.003) (0.003) (0.003) (0.004) (0.003) (0.004)
Caregiver's education 0.053** 0.058*** 0.051%* 0.060*** 0.051%* 0.069***
(0.007) (0.008) (0.007) (0.014) (0.007) (0.012)
Father's education 0.032** 0.035* 0.031%* 0.036*** 0.032%** 0.042%**
(0.007) (0.008) (0.007) (0.009) (0.007) (0.010)
Wealth index in Round 1 0.384** 0.439* 0.346* 0.517* 0.424*+ 0.729**
(0.134) (0.148) (0.134) (0.287) (0.133) (0.243)
Community consumption price 0.161 0.211 0.167 0.213 0.243* 0.266*
index in Round 1 (0.148) (0.158) (0.145) (0.152) (0.142) (0.158)
Community consumption price 0.478*** 0.528*** 0.498*** 0.539*** 0.524*** 0.721**
index in Round 2 (0.152) (0.160) (0.150) (0.156) (0.146) (0.284)
Community consumption price 0.315 0.321 0.206 0.235 0.293 0.429*
index in Round 3 (0.212) (0.218) (0.205) (0.218) (0.203) (0.258)
Community education inputs 0.831* 0.914* 0.926* 0.981* 0.903** 0.918*
price index in Round 4 (0.425) (0.444) (0.412) (0.429) (0.406) (0.459)
Community cognitive skills -0.105 -0.095 -0.110 -0.064 -0.122 -0.065
inputs price index in Round 1 (0.154) (0.156) (0.146) 0.171) (0.144) (0.170)
Community cognitive skills 0.082 0.148 0.132 0.144 0.102 0.172
inputs price index in Round 2 (0.166) (0.182) (0.159) (0.181) (0.156) (0.232)
Community cognitive skills -0.414* -0.424* -0.326 -0.358"* -0.200 -0.264
inputs price index in Round 3 (0.209) (0.215) (0.202) (0.213) (0.193) (0.219)
Community cognitive skills 0.106 0.116 0.073 0.042 0.073 0.064
inputs price index in Round 4 (0.214) (0.219) (0.213) (0.226) (0.214) (0.245)
Community wage index in -0.121 -0.196 -0.049 -0.183 -0.047 -0.173
Round 1 (0.187) (0.202) (0.187) (0.245) (0.187) (0.256)
Community wage index in -0.002 0.027 -0.032 0.060 0.001 0.123
Round 2 (0.109) (0.115) (0.109) (0.177) (0.109) (0.174)
Community wage index in 0.163 0.189 0.162 0.184 0.196 0.253*
Round 3 (0.133) (0.137) (0.133) (0.137) (0.134) (0.150)
Community wage index in 0.226* 0.208 0.239* 0.214 0.301* 0.253
Round 4 (0.133) (0.138) (0.130) (0.139) (0.131) (0.151)
Number of credit-providing 0.005 0.010 -0.003 0.008 -0.001 0.030
ngjtnuéiqns in the community in (0.022) (0.023) (0.022) (0.027) (0.022) (0.031)
Number of schools in the -0.046 -0.033 -0.026 -0.013 -0.018 0.016
community Round 2 (0.042) (0.045) (0.039) (0.041) (0.038) (0.048)
Number of schools in the -0.050 -0.041 -0.041 -0.034 -0.037 -0.030

community in Round 3 (0.042) (0.043) (0.042) (0.043) (0.039) (0.044)




THE SOONER THE BETTER BUT IT'S NEVER TOO LATE: THE IMPACT OF NUTRITION AT
DIFFERENT PERIODS OF CHILDHOOD ON COGNITIVE DEVELOPMENT

oLS 2SLS oLS 2SLS oLS 2SLS
Number of schools in the -0.023 -0.019 -0.025 -0.025 -0.026* -0.031*
community in Round 4 (0.018) (0.019) (0.018) (0.020) (0.015) (0.018)
Community has hospital in 0.044 0.041
Round 2 (0.071) (0.072)
Community has hospital in 0.063 0.050 0.070 0.061
Round 3 (0.069) (0.072) (0.062) (0.064)
Community has hospital in -0.059 -0.064 -0.048 -0.054 -0.013 -0.013
Round 4 (0.058) (0.058) (0.056) (0.058) (0.054) (0.060)
Community disease 0.128 0.132
environment index in Round 2 (0.136) (0.139)
Community disease 0.336** 0.361* 0.350** 0.347**
environment index in Round 3 (0.145) (0.151) (0.141) (0.151)
Community disease 0.038 0.060 0.069 0.101 0.153 0.076
environment index in Round 4 (0.161) (0.167) (0.159) (0.168) (0.156) (0.246)
Price index for medication in 0.127* 0.121
Round 2 (0.075) (0.079)
Price index for medication in 0.098 0.086 0.099 0.086
Round 3 (0.091) (0.094) (0.091) (0.094)
Price index for medication in 0.057* 0.068** 0.061* 0.080** 0.077** 0.086*
Round 4 (0.032) (0.034) (0.032) (0.040) (0.031) (0.047)
Price index for food in Round 2 0.089 0.112
(0.167) (0.168)
Price index for food in Round 3 0.031 0.052 0.045 0.084
(0.122) (0.125) (0.114) (0.124)
Price index for food in Round 4 -0.112 -0.154 -0.060 -0.101 -0.035 -0.078
(0.144) (0.152) (0.142) (0.150) (0.110) (0.127)
R-squared 0.28 0.28 0.27
Kleibergen-Paap F statistic &5.905 6.34 2.44
Stock and Yogo critical value 16.38 7.03
Observations 1805 1805 1805 1805 1805 1805

ek

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised MATH score. Height-for-age is measured as the difference of the child’s height from the WHO reference child of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity and whether the MATH test was administered in the child’s native
language, but estimates are not reported. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size distortion. Excluded instruments
for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified column of Table 3.
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Table A12. /mpact of child growth at different stages of childhood on MATH score at age
12 in Vietham

oLs 2SLS oLs 2SLS oLs 2SLS
Height-for-age Round 1 0.021** 0.123* 0.020** 0.061 0.021% 0.083*
(0.007) (0.041) (0.009) (0.043) (0.009) (0.050)
Height-for-age Round 2 0.001 -0.195*** -0.010 -0.206**
(0.006) (0.056) (0.009) (0.082)
Height-for-age Round 3 0.012** -0.018
(0.005) (0.090)
Male -0.099** -0.062 -0.096** -0.032 -0.088** -0.016
(0.039) (0.045) (0.040) (0.056) (0.040) (0.064)
Second-born 0.019 0.025 0.010 -0.081 0.006 -0.104
(0.044) (0.047) (0.045) (0.065) (0.045) (0.077)
Third- or later-born -0.082 -0.086 -0.089 -0.257*** -0.098* -0.299**
(0.056) (0.060) (0.057) (0.088) (0.057) (0.103)
Caregiver’s age at child’s birth 0.001 0.001 0.001 0.001 0.001 0.001
(0.002) (0.003) (0.003) (0.003) (0.003) (0.004)
Caregiver's education 0.037* 0.031** 0.038** 0.065* 0.038** 0.071*
(0.007) (0.008) (0.007) (0.013) (0.008) (0.016)
Father's education 0.041** 0.035"* 0.043** 0.060** 0.043%* 0.063***
(0.007) (0.008) (0.007) (0.012) (0.007) (0.014)
Wealth index in Round 1 0.572%+ 0.448*+ 0.553** 1.127** 0.561** 1.228**
(0.159) (0.170) (0.160) (0.292) (0.160) (0.353)
Community consumption price -0.348 -0.177 1.293** 2.145%* 1.040* 1.730*
index in Round 1 (0.685) (0.752) (0.569) (0.814) (0.533) (0.980)
Community consumption price -0.224 -0.185 0.053 0.042 0.119 0.422
index in Round 2 (0.250) (0.265) (0.219) (0.298) (0.205) (0.303)
Community consumption price 0.031 -0.069 0.132 0.188 -0.159 -0.081
index in Round 3 (0.267) (0.289) (0.253) (0.370) (0.215) (0.380)
Community education inputs 0.387* 0.380* 0.551%* 0.634* 0.506** 0.502
price index in Round 4 (0.212) (0.228) (0.196) (0.270) (0.188) (0.327)
Community cognitive skills 0.075 -0.167 -0.638"* -0.096 -0.661* -0.136
inputs price index in Round 1 (0.333) (0.362) (0.297) (0.457) (0.294) (0.514)
Community cognitive skills -0.395%** -0.323* -0.337* -0.334* -0.228"* -0.056
inputs price index in Round 2 (0.140) (0.153) (0.135) (0.190) (0.115) (0.203)
Community cognitive skills -0.142 -0.153 -0.258 -0.605 -0.653*** 1.454%+
inputs price index in Round 3 (0.291) (0.319) (0.281) (0.399) (0.231) (0.457)
Community cognitive skills 0.230 0.205 -0.036 0.183 -0.177 -0.035
inputs price index in Round 4 (0.153) (0.160) (0.130) (0.191) (0.124) (0.203)
Community wage index in -0.215 -0.486** 0.154 1.009** 0.102 0.954**
Round 1 (0.212) (0.246) (0.179) (0.379) (0.135) (0.375)
Community wage index in 0.449 0.605 -0.288 -0.453 -0.164 -0.207
Round 2 (0.349) (0.388) (0.241) (0.338) (0.225) (0.326)
Community wage index in -0.990*** -0.955*** -0.793** -0.579* -0.795%** -0.636*
Round 3 (0.263) (0.276) (0.231) (0.318) (0.222) (0.376)
Community wage index in 0.461* 0.419* 0.416* 0.326 0477+ 0.281
Round 4 (0.192) (0.196) (0.185) (0.244) (0.178) (0.278)
Number of credit-providing -0.034 -0.024 0.005 -0.077 0.007 -0.026
ngjtnuéiqns in the community in (0.040) (0.044) (0.036) (0.057) (0.031) (0.049)
Number of schools in the -0.205*** -0.226** -0.316** -0.230** -0.323** -0.264**
community Round 2 (0.055) (0.058) (0.052) (0.074) (0.051) (0.074)
Number of schools in the -0.017 -0.016 -0.025 0.005 -0.032* -0.002

community in Round 3 (0.019) (0.022) (0.017) (0.024) (0.017) (0.025)
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oLS 2SLS oLS 2SLS oLS 2SLS
Number of schools in the 0.060*** 0.066*** 0.054** 0.033 0.066* 0.046**
community in Round 4 (0.017) (0.019) (0.016) (0.023) (0.016) (0.023)
Community has hospital in -0.247 -0.167
Round 2 (0.214) (0.224)
Community has hospital in 0.242* 0.130 0.296** 0.325*
Round 3 (0.128) (0.144) (0.124) (0.179)
Community has hospital in -0.298 -0.192 0.535** 0.289 0.531%** 0.356
Round 4 (0.250) (0.271) (0.194) (0.272) (0.180) (0.265)
Community disease -0.466** -0.451**
environment index in Round 2 (0.216) (0.230)
Community disease 0.397* 0.323 -0.050 0.402
environment index in Round 3 (0.235) (0.252) (0.204) (0.325)
Community disease 0.224* 0.216 0.116 0.220 0.241* 0.400**
environment index in Round 4 (0.127) (0.137) (0.123) (0.168) (0.115) (0.178)
Price index for medication in -0.656*** -0.675***
Round 2 (0.110) (0.120)
Price index for medication in 0.400** 0.428** -0.037 -0.117
Round 3 (0.163) (0.180) (0.140) (0.185)
Price index for medication in -0.091 -0.100 0.035 -0.015 0.006 -0.021
Round 4 (0.076) (0.082) (0.070) (0.090) (0.066) (0.092)
Price index for food in Round 2 -0.409* -0.338
(0.224) (0.242)
Price index for food in Round 3 0.501* 0.190 0.769*** 1.343***
(0.260) (0.309) (0.235) (0.383)
Price index for food in Round 4 0.025 0.061 -0.255 -0.539* -0.147 -0.150
(0.234) (0.252) (0.207) (0.300) (0.188) (0.275)
R-squared 0.30 0.29 0.29
Kleibergen-Paap F statistic 46.68 11.63 8.25
Stock and Yogo critical value 16.38 7.03
Observations 1805 1805 1805 1805 1805 1805
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Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent variable is the age-
standardised MATH score. Height-for-age is measured as the difference of the child’s height from the WHO reference child of the same monthly age and
gender in centimetres. All specifications include dummies for caregiver’s ethnicity and whether the MATH was administered in the child’s native
language, but estimates are not reported. The Stock and Yogo critical value is the one for a 10% maximal 2SLS test size distortion. Excluded instruments
for height-for-age in Rounds 1, 2, and 3 across countries include those presented in the just-identified column of Table 3.
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Table A13. Estimates of linear probability model of the Round 1 correlates of sample
selection in Ethiopia and India

Ethiopia India

Child was very large at birth 0.030 -0.058*
(0.028) (0.035)
Child was large at birth -0.010 0.005
(0.024) (0.016)
Child was small at birth 0.010 -0.030
(0.023) (0.019)
Child was very small at birth 0.038 -0.022
(0.034) (0.035)
Child is taller than children at the 0.002 -0.025
SIS el (0.021) (0.016)
Child is shorter than children at the -0.031 -0.019
SEIME ElgE (0.026) (0.020)
Male 0.002 -0.001 0.008 0.008
(0.017) (0.017) (0.013) (0.013)
Second-born 0.067** 0.065** 0.060*** 0.062***
(0.026) (0.026) (0.015) (0.015)
Third- or later-born 0.055** 0.054** 0.034 0.036*
(0.023) (0.023) (0.021) (0.021)
Caregiver’s age at child’s birth -0.001 -0.001 -0.002 -0.002
(0.001) (0.001) (0.001) (0.001)
Caregiver’s education 0.001 0.001 0.004** 0.004**
(0.003) (0.003) (0.002) (0.002)
Father's education 0.008*** 0.007*** 0.005*** 0.005***
(0.003) (0.003) (0.002) (0.002)
Wealth index in Round 1 0.488*** 0.486*** 0.024 0.027
(0.090) (0.089) (0.046) (0.046)
Community consumption price -0.036 -0.034 0.077** 0.077**
izl o (0.037) (0.037) (0.026) (0.026)
Community cognitive skills inputs -0.183*** -0.185*** 0.053* 0.052*
price index in Round 1 (0.037) (0.038) (0.029) (0.029)
Community wage index in Round 1 0.018 0.014 -0.027 -0.019
(0.041) (0.041) (0.042) (0.042)
Numbgr of predit-providing . 0.006 0.007 0.015* 0.015*
ggg;ué'?”s in the community in (0.010) (0.010) (0.008) (0.008)
Community has hospital in Round 1 0.063** 0.064** 0.008 0.010
(0.027) (0.027) (0.015) (0.015)
Community disease environment 0.128* 0.132* 0.015 0.011
e Iy RO (0.072) (0.072) (0.046) (0.046)
Price index for medication in Round -1.155*** -1.472%* -0.071* -0.068*
1 (0.256) (0.256) (0.036) (0.036)
Price index for food in Round 1 -0.366*** -0.351*** -0.132*** -0.126***
(0.092) (0.092) (0.048) (0.048)
R-squared 0.32 0.32 0.04 0.04
Observations 1999 1999 2011 2011

ek

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent
variable is an indicator taking the value 1 if the observation was included in the estimation and 0 otherwise. All specifications
include dummies for caregiver’s ethnicity, but estimates are not reported.
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Table A14. Estimates of linear probability model of the Round 1 correlates of sample
selection in Peru and Vietham

b T tnam

Child was very large at birth 0.050* -0.025
(0.026) (0.074)
Child was large at birth 0.046** 0.003
(0.019) (0.019)
Child was small at birth 0.018 -0.002
(0.021) (0.018)
Child was very small at birth 0.064*** -0.052
(0.021) (0.046)
Child is taller than children at the 0.042%* 0.013
SIS el (0.016) (0.016)
Child is shorter than children at the -0.005 -0.014
SEIME ElgE (0.020) (0.017)
Male 0.017 0.014 -0.006 -0.007
(0.014) (0.014) (0.013) (0.013)
Second-born 0.050*** 0.050*** 0.003 0.004
(0.018) (0.018) (0.015) (0.014)
Third- or later-born 0.031 0.031 0.018 0.019
(0.019) (0.019) (0.019) (0.019)
Caregiver’s age at child’s birth -0.001 -0.001 -0.001 -0.001
(0.001) (0.001) (0.001) (0.001)
Caregiver’s education -0.002 -0.002 0.003 0.003
(0.002) (0.002) (0.002) (0.002)
Father’'s education 0.002 0.002 0.002 0.002
(0.002) (0.002) (0.003) (0.003)
Wealth index in Round 1 0.066 0.060 -0.088* -0.090*
(0.043) (0.043) (0.050) (0.051)
Community consumption price -0.195*** -0.203*** -0.083 -0.080
izl o (0.047) (0.046) (0.160) (0.159)
Community cognitive skills inputs 0.168*** 0.164*** -0.207*** -0.210***
price index in Round 1 (0.052) (0.052) (0.072) (0.071)
Community wage index in Round 1 0.152** 0.152** 0.060 0.060
(0.069) (0.069) (0.037) (0.037)
Numbgr of predit-providing . 0.026*** 0.027** -0.011 -0.011*
ggg;ué'?”s in the community in (0.006) (0.006) (0.007) (0.006)
Community has hospital in Round 1 0.022 0.025 -0.040 -0.042
(0.016) (0.016) (0.050) (0.050)
Community disease environment -0.014 -0.015 0.147*** 0.147**
e Iy RO (0.040) (0.040) (0.048) (0.048)
Price index for medication in Round -0.012 -0.010 -0.043 -0.043
1 (0.028) (0.028) (0.029) (0.029)
Price index for food in Round 1 0.039 0.045 -0.136* -0.129*
(0.038) (0.038) (0.077) (0.077)
R-squared 0.32 0.32 0.04 0.04
Observations 1999 1999 2011 2011

ek

Notes: Robust standard errors in parentheses, ***significant at 1%, **significant at 5%, *significant at 10%. The dependent
variable is an indicator taking the value 1 if the observations were included in the estimation and 0 otherwise. All specifications
include dummies for caregiver’s ethnicity, but estimates are not reported.
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The Sooner The Better But It’s Never Too
Late: The Impact of Nutrition at Different
Periods of Childhood on Cognitive
Development

Although it has been argued that undernutrition and its consequences
for child development are irreversible after the age of 2, the evidence
in support of these hypotheses is inconclusive. This working paper
investigates the impact of nutrition at different periods from conception
to middle childhood on cognitive achievement in early adolescence
using data from Ethiopia, India, Peru, and Vietnam. In order to address
estimation problems the paper develops a conceptual framework that
delineates the channels through which child health impacts cognitive
development and uses exogenous variation in nutritional status arising
from weather shocks.

Results suggest that child growth both before and after the first

1,000 days is responsive to weather shocks and impacts cognitive
achievement in early adolescence. The research also finds that part

of the effect of early growth on later cognitive achievement manifests
through growth in interim periods. Another novel result is that parental
investment responses to a change in child health depend on the timing
of this change.

These findings have important policy implications. On the one

hand, results indicate that nutrition early in life is important for
physical growth and cognitive development in subsequent stages of
childhood, but on the other hand they suggest that nutrition-promoting
investments after infancy and early childhood can act as a remedy for
early nutrition and cognitive deficits and protect from nutritional insults
in later stages that may also lead to developmental setbacks. Overall,
the evidence suggests that nutrition-promoting interventions that start
early in life and continue to subsequent stages of childhood, combined
with support in other areas such as cognitive stimulation and parental
involvement, may hold the most promise for the promotion of child
development.

° [ 4
AA7A Young Lives

www.younglives.org.uk

o @
ARA Young Lives

An International Study of Childhood Poverty

About Young Lives

Young Lives is an international study
of childhood poverty, involving 12,000
children in 4 countries over 15 years.
It is led by a team in the Department
of International Development at the
University of Oxford in association
with research and policy partners in
the 4 study countries: Ethiopia, India,
Peru and Vietnam.

Through researching different aspects
of children’s lives, we seek to improve
policies and programmes for children.

Young Lives Partners

Young Lives is coordinated by a small team
based at the University of Oxford, led by
Professor Jo Boyden.

» Ethiopian Development Research Institute,
Ethiopia

* Pankhurst Development Research and
Consulting plc, Ethiopia

* Centre for Economic and Social Studies,
Hyderabad, India

» Save the Children India

* Sri Padmavathi Mahila Visvavidyalayam
(Women'’s University), Andhra Pradesh, India

* Grupo de Anélisis para el Desarollo
(GRADE), Peru

* Instituto de Investigacion Nutricional, Peru

* Centre for Analysis and Forecasting,
Vietnamese Academy of Social Sciences,
Vietnam

* General Statistics Office, Vietham

» Oxford Department of International
Development, University of Oxford, UK

Contact:

Young Lives

Oxford Department of

International Development,
University of Oxford,

3 Mansfield Road,

Oxford OX1 3TB, UK

Tel: +44 (0)1865 281751

Email: younglives@younglives.org.uk
Website: www.younglives.org.uk






