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Abstract

Empirical study of the biological and behavioral determinants of child sur-
vival may proceed in two directions: either to estimate the reduced form rela-
tionships between child survival and variables that are assumed to be exogenous
to the households' many choices; or to estimate both the behavioral demand
equations for health inputs and the biclogical production function linking
health inputs to child survival. The reduced-form equation for child survival
may be estimated without imposing a great deal of structure on the problem,
whereas the biological productlon function for child survival can only be
estimated after more structure is imposed, because in the presence of health
beterogeneity, self-selected health inputs will be correlated with the child's
unobserved biological health endowment. To eliminate the bias due to
self-selected inputs and heterogeneity, a two-stage estimation procedire is-
outlined that estimates first the health input demand equations, and then

.. estimates consistently the health production function by simultanecus equations _

“methods. In the estimation of either the reduced-form equation or the health .

input and production relationships, it is “valuable to have data collected both

- for a sample of individuals of households and on prices, programs, and '
characteristics of thé commnities in which these households are located.

Comminity aggregate variables on prices, . wages, programs, and environmental

conditions are essential for the. analysis, because they are ‘outside the control .

" of the household, and hence, they are legltunately treated as exogenous
mstxuments




Empirical studies of child survival make use of many types of information
and are guided by many research -paradigms. Statistical analyses of the deter-
minants of child survival may deal with observations on regional conditions and

pulation aggregates, characteristics of systematically selected populations
such as those encountered in a clinical practice, or data from representatlve
'household surveys on chlldren and fam:Llles.

‘ Epldemologlcal research often measures the dlrect aSSOCIat].OD between
mputs to health, such as nutrition and medical care, and health outcones, such} _‘ )

as Chlld morbldlty, dlsablllty, and mortallty. Econamc reeearch, on the other
hand, generally evaluates how the: constramts on' peoples' opportumtles are ,

. assoc1ated w1th child health, presmnably by affectmg behavmrally some. of the.
d:.rect mputs The purpose of this paper is to show why the former direct as~
- _'soc:ratlon of health lnputs and an individual's health is a statlstlcally biased -
and ootentlally msleadmg mdlcator of the correspondmg causal effect, Thls

, _blas arises because people are essentlally dlfferent 1n their health endow-
o ments, and their use of health inputs tends to be affected by vhat they know |
o about ‘their endowment or heterogenelty.l/ A stochastlc framework is proposed
for studymg jointly the blologlcal determ.mants of health in the presence of
such heterogeneity, and the economically constrained selection of health
inputs. Within this integrated framework the requirements for merging several
types of data and for maintaining various *structural™ assumptions will become
clear. The goal is to estimate without bias both the underlying biological and
behavioral relationshlps that will allow one to assess the benefits of
*technology based health interventions" as well as the consequences of
“socioeconomic change" that affects the prospects for child survival by
| influencing peoples' opportunities and thereby their use of health related




inputs.

Information used in the study of child health is classified in Figure 1
according to whether the variable is viewed here as independent/exogenous or
dependent/endogenous, whether a variable is unobserved by the researcher, and
the appropriate level of aggregation, namely the household or oamunity There

. are two basic sources of data: (1) information from 'Surveys‘or census records i

on a representative sample of households and ind1v1duals and (2)

T characteristma of regions where these mdlv:Lduals live, of markets in whlch

they obtain and exchange goods and servioes, and of the . physwal env1ronment

_’ that. oonstrams the1r health and productive opportumtles. '.lb mplement a

| research design based on these data, it is necessary first to lay out the

= : conoeptual frarrework gu1d1ng the research, It is mportant then to Speclfy the
' ‘.structure and source of statlstmal dlsturbanoes -and unobserved factors that

enter the central relatlonshlps, for these features of the problem suggest how

to estimate without bias the parameters in some of these relatlonshlps.

The relationship between child mortality -or_.-_finorbbidity for the ith mother,
Yj, is assumed to be approximately a linear function of a vector of proximate
biological inputs to child health, Ij, and a vector of persistent biological
endowments of the child, Bj, and a random disturbance, ejj, and is hereafter
called a health "production function" (see Figure 2): |

Yj = ¢o + c1Ij + C2Bj + e1j, | _ (1)

where the c's are the parameters of this linearized biological/technical
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relationship.

The I; are chosen by the woman and her family to minimize Yj, and to
achieve other goals with her limited resources; Bj is again the child's health
- endowment, that component of child health due to either genetic or |
_' environmental conditions which cannot be influenced by the family's behavior

- but which is partially known to it, called health mtérogenéity; the economic
| _ _endowments of the individual includmg human and nonhuman capltal v El, the

L regional pnces, prograns and env1romrental constramts, xr, preferences, Pij, .

of the woman and her famlly, and 6'21: a stochastlc dlsturbance that is
,,Mependent of the exogenous variables in Fxgure l. :

Ij =g+ aF] + aBj +ag¥p + Py e . @

- '.i‘hls relatlonshlp between the use of health mputs and a11 relevant exogenous

| "variables is referred to as a reduoed—fom input demand functlon. The param-

_' , eters, a' s, reflect behavmral respons;weness to socmeoonomlc and biologlcal

constramts, as well as S the parents’ understanding of the health productlon

s 'function.

Finally, there implicitly exists reduced-form equations for the health out-

comes that have the same arguments as equation (2):

Y; = by + byEj + bpBj + b3X; + bgPj + e34, B ) (3)

where the paraxxetets, b's, represent the combined effects of tecmological con-
straints and demand behavior, for example in this simple linearv model, by =
ajcy, and by = a3cy. |

The parameters of these reduced-form equations (2) and (3) can be estimated




oconsistently by standard statistical methods, such as ordinary least squares,
if the dependent variable is continuous and normally distributed, because the
inability of the researcher to obsefve preference (P;) or biological endowments
(Bj) need not bias the remaining estimates., This follows from the conventional
assumption that tastes and biological endowments are distributed independently
of economic endowments, prices, programs, etc., namely, P; and Bj are
uncozrelated with Ej and Xr. | |

~ The estimation problem is to obtain consistent est.z.mat&s of the hea.lth pro- :
duction function (1), Because the unobserved blologlcal *mnabxllty ina

‘ child's health endowmnt, say its frallty, may both increase the likelihood of

morbidity (cp > 0) and increase the use of beneflcml health mputs (a201 < 0),
one expects compensating responses in observed health inputs for low |
(unobserved) health endovments, Direct estlmatlon of the health productlon |
function by standard epldemiologlcal methods is unsuitable in this case because
input use, Ij, and health heterogenelty, Bl are llkely to be related The |
-estimation problem posed by heterogenelty in health endowments across a popula-
tion is likely to be more serious’ in the evaloation of the effect of curative
health mputs for acute oond1t10ns and less senous in evaluatmg the benefits .
of long term preventive health measures, As in the conventional smultaneous
equations model, some instrumental variable(s) is required that is independent
ofA the biological endowment (Bj), but which will accouht for some of the
variation in bealth input demands. The exclusion restriction that is needed to
identify statistically the production function parameters might be based on the
economic expectation that regional prices and health programs influence health
input demands, but do not enter directly as arguments in the production
vfunction.Z/ In this paper, the identification restriction proposed is to




assume that the input selection process (input Gemand equations) are
conditional on regional prices, etc. (Xr), but that regional prices are not in
the health production function, The mechanics of this two-stage instrumental
variable estimation of the health production function are illustrated in the

~ lower panel of Figure 3, There are other methods for estimating the |

- ®gtructural™ production function, such as by using panel data to estimate

. directly the role of the individually persmtent biologlcal endowments, i.e.,
S frxed or senally oorrelated mdiv1dual effects, It is preferable to use
ﬂqualitatlve structural model est:.mates if the dependent vanable is dlscrete,

> such as mortality, or if the health outoome is disproportlonately concentrated :

: ‘ at partlcular pomts, such as zero eplsodes of illness in the last month

 “(Manski and McFadden, 1981; Olsen and Wolpin, 1983).

_ - It may always be argued that nnportant health inputs to the health

'production functlon are om1tted from any empincal study and they mght be

vrrelated w1th the mcluded mputs. This situation also leads to biased
""estmates of the effects of ‘the subset of proxnnate health determinants that

| can be observed and Jomtly analyzed (Griliches, 1957). This omitted input

" problem may be serious in the case of child survival because the inputs that |
might reasonably exert an effect on child survival are numerous and difficult
to quantify. The most one can do is try to measure and include all of the
_major determinants, particularly if those determinants covary with the policy
interventions being evaluated, Only true randomized experixtental design can
-free one of this oomplicatioh.

With this introduction to the general framework, the next section outlines
how the microeconomic approach to household behavior helps one specify the re-
gional constraints and individual economic endowments. The following section
shows how interactions between the mother's education and regional program ac-
tivity may be used to e\faluate distributional implications of policy.
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. Subsequent sections consider data requirements and report the empirical
application of the methodology to the study of infant health detemminants in
_the United States. The final section recapitulates the main points of the

| Microeconormc analysis of family economic and dembgraphic behavior rests on
the hypothesis that people allocate their time and other economic _resourcesAin
reépehse 'td the value of the time of each fantiiy'rr'\érber, the amount of the fam—
- ily's nonhuman capltal endowments, and the relatlve pnces of the family's mar-
o ket mputs and outputs. The marketplace sets wage rates for various types of
_ labor, and thereby determines the value of the time of those pezsons working in

. the market or hiring additional labor to supplenent their own efforts within

g the. family's productlve activities. Desplte the dlversxty in famlly and market
stmctures and the different degrees of coordmatlon in productlon, A
conslmptlon, and reproductlon within the fanuly/household in different
vseciet':'ies, this greatly sinplified eobnomic- approaCh to the ineerreiated leber
' Imarket, demographic, and demand behavior of famly members has prOVJ.ded a
| useful framework for much empirical research in hlgh— and low-income countnes.
The economic framework suggests that families are likely to respond dif-
ferently to variation in male and female wages., The wage rate paid to women
relative to men is emphasized in fafnily time allocation studies as a relative
price for household goods and services that are primariiy produced by women.
The care of children in many cultures oonsﬁmes nuch of the time of their moth-
ers, and, therefore, an increase in thevopportunvity cost of wonien's tine rela-
tive to men's is likely to increase the opportunity cost of children and child
care and thus depress fertility, even thoug‘h it provides the family with in- '
creased income opportunities. Consequently, the sixrplified model of tDueehold
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* economic and demographic demands provides some suggestive predictions for how
the labor market is likely to affect the long run evolution of fertility and
possibly child nortality." }.

While good data are not always available on market wage opportunities of
men and women or the shadow value of time of household workers, women's
education—a close correlate vof women's wages-is associated with decreases in
fertility and increasee in'-Achild survifral in both urban and rurel areas in
. countries at v1rtually all levels of development Mnerous studles also conflrm

. the iniaortance of a mother's education for understandmg the surv1va1 rates of .,
her chlldren even after the effect of ‘husband's mcome or educatlon is held |
'constant (Caldwell, 1979; Schultz, 1980, Cochrane et al., 1981, Farah and
Preston, 1982), k78 Moreover, ~educat10n is a good predictor of the'probablhty

of interreglonal mgratlon for women, as it is for men. - Because nost mgrat:,on _

in 1ow mcome countnes is from rural to urban areas, and rural - GOrﬂlthl’lS A

appear to favor higher child nortallty,-_ higher ..fert:.ll-ty_, lower labor force
' participation by women, and lower school enrollnént rates, the increased
probability that an .educated-‘woman'will_migratefro_ma rural toan urban region
reinforces the tendencies for her to give her fever children better health and
greater educational opportunities. All of these changes in behavior associated
with increasing women's education lead to reinforcing inpx:oveuents in the
"quality" of the future population or the human capital embodied in the next
generation (Schultz, 1983). Understanding how a mother's education affects
child mortality is a priority issue for research.
Mother's Fducation

Economics suggests at least five distinct ways that a mother's educat;ion
might affect child health,4/ (1) Education may affect the productivity or
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effectiveness of the health inputs used in the production of child health, as
hypothesized by Grossman (1972). Thus, more educated mothers may obtain more
‘benefits from a given use of health services; higher "prodcctiVity" would also
increase their demand for health services, because the mother's reswrces are
 thereby effectively increased for allocation to any or all activities, (2)
' Bducation may affect perceptions about the best allocation of the health
V. inputs. In this case, more educated mothers would have healthier children be-
- | cause they have better information on the optimal allocation of health re- |
sources, and thus are able to produoe health at lower cost. _ Moreover, such -
":_.i:'-'_:'_v:nothers would be partlcularly advantaged where informatmn on "best" mput al-

,_";locatmns 1is scarce or costly to aoqulre, as with new tectnologles. (3) .Educa-

f:f_ ‘i_’-_tion may increase total famJ.ly resources, -Even where woren tend not to work in-

L t.he market, nore educated women may - have greater market resources beca.tse, due

'to assortat:.ve mating, they marry wealthler men Such women mght be expected |

. to invest mox:e'resourcesm the productlon of child health and thus would have,

o healthler chlldren. (4) More educated women may ass:Lgn a hlgher value to their . :

own time, particularly, but not only, if they work in the market and recelve a

| higher wagerate. If mother's time is an essentlal "1nput" in‘the: productlon
of child health, education could then be negatively related to the health of
children. (5) Education may residually affect preferences for child health and
family size, given total resources, prices, and teclnology. .
To ascertain precisely how education affects child health, estimates are
needed of the actual technology associated with the production of health, Such
estimates require, as noted above, that all behavioral inputs be observed for
~ each chlld-—breastfeeding, nntrlent intakes, use of medical services, and so
on. In the presence of heterogeneity in health endowments, information would -
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also be required on prices of all inputs and on the household environment, In
the absence of such reasonably complete knowledge of the biological and behav-
ioral determinants of child survival, it is still possible to leax:n about the
effects of policy interventions and to explore the distributional implications
o of policies by interacting regional policy variables with educational variables
in éenefalized reduced-form health equations (f‘igure 3, row 1b),

o In the Jargon of eoonomics, demand equations for health mputs are denved
from the maxmuzation of household utility subject to the productlon functions e
_ and the budget oonstramt. The denands for health inputs are explamed by the -

~_conventional types of exogenous vanables—-prlces, income, educatlon, age, the}

- '.4'local envuonment, and the unobserved endowments of health Eubllc prograns may :
 play three distinct roles in affectmg health, and related behavmr ' through | -
o the ‘demand equations: ' - h |
1. They may reduce the prices of the health inputs, dlrectly through sub~
* sidization of the goods or services or indirectly by increasing access to them,
 thereby reducing the time or travel costs to evaluate and use “the service.

2, They may "provide, ';j_,nfom;at,ion. on how to produoe ‘health more efficiently.
This might include information on new inputs or on efficient practices with
traditional inputs—how long to breastfeed, how to sterilize baby formula, 4'
etc.~which yield greater survival rates for a given expenditure, _

3, They may alter the health environment, without directly affecting other .
opportunities available to people. The control of malaria and eradication of
smallpox are often cited as examples of exogencusly introduced change in health
conditions or technology that occurred for all persons living in an area,
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~ regardless of their economic status and educational attainment .2/

The behaviorval framework suggests that programs which reduce the costs of
health inputs will lead to greater investments in health and thus greater sur-
vival rates. An implication of the household framework is that any program
which affects the cost of goods consumed, whether directly useful to the pro-
duction of health or not, may influence the demand for health inputs and thus
‘ indirectly affect health or survival. Thus, prices of all major goods and cer-
- tainly the pnces of ~goods that are thought to be close complements or substi- |
| mtutes for child health belong in the denand equations for child health J.nputs.‘ o
o i : The effects of program “interventions may differ dependmg on the nnther s
education, according to the relatlve inportance of the (flve) roles of- educa-
.. tion in affecting bealth and on the predominance of (1) the user subsidy or (2) -

- the productlve information or (3) the disease eradlcatlcn effects of the '
programs Table 1 outlines the d:.stnbutlonal consequences of these
* pssmultles.ﬁ/
. Estimates of the effects of education and public health programs on child
e health are likely to be misspecified',}i if the interactions between echatiorif a;id o
“the health"infrastructure" are ignored, Moreover, while estimates of such
interactions, in the absence of information on the characteristics of the
bhealth production function, cannot conclusively pin down the most important
roles either of education or of the health programs in augmenting health, they
can eliminate some possibilities.l/ |
-Implementation of the Geperal Framework

~_The general framework proposed here to structure study of child survival is

primarily a way to classify relationships and variables, but this taxonomy has
important implications for how variables should be measured. A distinction has
been made between (1) technical or biological relationships that link inputs to




14

usouNus :355 ESS_..S - Y3aTesq
S e _ : S 103 BOUSTSISII 09IV ‘g

UoTIRONDPI SI0W uoumo:cmmmqu R E,o:xc: , . JTL
_ , T K O JOSOTII s,39y30 aseaIouy “°p

vounbamﬂ sSsv] kuwuscm 210§ - i E.ocx:b T SLOXUT ATuej 9sealouy °f
PojeONp §591  pejeonpd oToW Buob%m mmS R ABOTOUSAL, UG

: , e v " USTIRWIGIUT Jo s380) sonpay °g
pojeonpg 59 . wowun wowyn s3ndur Y3 TesH

30 ZTATIONPOIY eseaioul °T

—UaTTAUH Jo ssau mmmmu:oocm. " AousTOTIIE TeD = uoTIeONpy 8,IA0N JO OTCY
-TY3Tesy uy Aprsqns and =TUYOR], sesTRy : .
u:ﬂﬁpou@ﬁ rl ..:H Emcos m uoT3RUIOJUL °Y.

surp1boxg 5ﬂwm mo mmﬂom

UoTeoNpy 8 uwfoz Jo pue mﬁumoum ay3 jJo mwﬂom a3 03 mﬁvuooom
.m:oﬁagﬁﬁ .ﬁumoum Y3ITesH WOI3 SIOH STJausg oUM
| T oTqeL,

.



15

the production of health outcomes and (2) demand relationships that translate

| individual preferences into the demand for consumption goods and intermediate
in;ﬁuts, conditional on the technological or biological relationships, the pric-
es of inputs and outputs, and the initial factor endowments, education and age
of the individual. The prcductich functions contain little information about
economc or demographic behavior, per se; they represent physical—techhological

. limitations of thev human environment and knowledge of how to use this

environment. The demand functlons contam the econamic core of the model.

HStrong assunptrons are usually made regardmg the optimizmg behav:.or of the |

| "indlvzdual or the fam11y in chowes of economic and demographlc behavmr, over

a budget of given resources, whose exchange values (prices) are flxed in the -

| 'marketplace, subject to technlcally- fixed productlon possib:.litles.' Household

demand ‘economics exrbeds t:be trad1t10nal consumer - demands for market produced

- goods into a household £irm that also produces the ‘basic cormodlties that sat-
isfy. indrwdual needs., In our case, the household produces the comod:.ty of
chJ.ld survival. The consumer s demands are thus extended to encompass

: demographic events that are quite drfferent from market goods; because ‘there is -

| o dlrect market for children or for child health, ‘the consumer must be her or
“his own producer.

Few researchers have given empirical content to this distinction between

~ production technology and consumer demand. If the assmrptions required to dis-
entangle household technology and consumer demands by two-stage estimation pro—
‘cedures prove to be too restrictive, then another more limited approach to stu-
dying child survival can be pursued,. The socioeconomic and envirormental de-
terminants of child survival can be directly estimated unconditional on
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production technology. These unconditional demand relationships are called
reduced-form demand equations for health (Figure 3, row 1b), and they mix
together the underlying structural parameters that characterize the production
functions and the conditional input demand functions discussed earlier.
Estimation of these reducedform demand equations loses track, however, of-

o the interesting linkages across input allocations and the 'specific details of

household production processes, For example, what determines when an indivig-

... ual adopts a child survival input, such as oral rehydration ther@yp or how

effective it will be when it is adopted? On the other hand, the reduced-fom
health equations do indi cate what many pollcymakers want to know. For :mstance,if_:
- if the local wage rate for women increases in the labor market (1 €oy t.here 1s ‘_

" a change in this market price), what will be the consequences for child |

surv:.val" If a hOSpltal bed is added per thousand persons in a locality, (i.e.,

 the price of sone forms of medical care is reduced), what will be the
consequences for chlld surv1val 1n that reglon, and also for which groups of

" parents in that locality will the increase in child surw.val be greatest? Not _
~only do reduced-form demand equations answer such questions, they can also be

" estimated without bias by standard maltiple. r,egress;o_n- or multiple logit/hazard’- ‘

techniques. Consistent estimates are, thus, readily obtained at relatively low
cost from commonly available data, if one can forego the separetion of
technological from behavioral parameters.

The controversial aspect of this approach to studying the determinants of
household economic and demographic behavior is in deciding precisely what types
of behavior are appropriately viewed as demand determined (i.e., erxdogenms) .
and what variables are legitimately interpreted as predetermined, such as
market prices and individual endowments (Figure 1). |
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In principle, all forms of behavior that a‘lrev influenced or constrained by
household production and consumption can be~ treated as partially determined by
thé equilibrium system of household demand behavior. It is largely an empiri-
cal question whether the degree of influence of the demand detenninants.is sub-

. gtantial or negligible.g/ Of course an included explanatory variable .nay be
capturing the effect due to an omitted explanatory variable, or joint and
simultaneous effects may be present, clouding .an‘y causal insight, or any of a
riumber of the other specification errors could arise if the estimated model

j:.;.f *were wrong. But condltlonal on ‘the spec1fication of a model, emplncal analys1s
: may prooeed to determme whether the factors emphasized by-a: theory are in fact

helpful in explammg vanatlon in behavmral outoomes .2/

’ - One mporta.nt ms:tght of household eoonomics is also a lmutation to em~
plrical analys1s of varlatlon in child surv1val. Many forms ‘of household eco-
nomic and dernographlc behavior are viewed as endogenous to the broader, longer
term set of chowes ‘that include child health and survival. One endogenws }'

v choice cannot generally be used to "explain" another choxce or related behav—

R ioral outcome.10/ First, a lme must be drawn at some point in an #individual's

lifetime, before which events are treated as predetermined or exogenous for the
-purposes of looking at a specific set of subsequent outcomes. For understanding
the determinants of a couple's choices with respect to labor supply, fertility,
or child health, one might draw the line when the couple is married. But their
- timing of marriage could be closely related to the later events under study and
probably reflects’ the hetérogeneous unobserved biological characteristics and
~ tastes of persons. - '

Alternatively, it may be more satisfactory to select one spouse, say the
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woman, and treat her characteristics as predetermined when she has completed
ber childhood and schoeling. The argument for this specification is that par-
ents play a dominant role in inducing or preventing their children from attend-
ing school, and consequently, the schooling decision reflects heavily the pref-
erences of the family rather than that of the child. It then follows that,

’_ given what we know about the ind1v1dua1's charactenstlcs on leaving school,
the endogenous chowes and behavmr that are to be explamed start with age at

= marriage or age at flrst birth, as we11 as the characteristics of the husbard,

if she is married. |

Prices

| What are apprOpnate variables to use to explam household demand behav:or -
and outcomes related to ch11d health” The first major class of factors 1s

v' m Pnces are predetermmed, 1f they are set by a market over whlch the
individual has negligible control The prices must not vary with the quantlty
demanded by the consumer, or they would thereby be contaminated by consmner

- choices and. tastes.w _'

Market price data is unfortunately rarely collected by household demograph-
ic-economic surveys. The level of local wages may be available, and household
demand theory emphasizes the relevance of wage rates for men, women and chil-

- dren to the choice of activities people undertake, particularly market labor
supply behavior. Other market prices are proxied by the availability of
private and public services, where access is often a major part of "price"
variation. For narket prices to differ across a population at one point in
time, there mist be something separating markets, perhaps the costs of
transporting goods to consumers or the costs of migrating to consume immbile
services, or both., This suggests the concept of market price implicitly relates
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to an aggrégation of households in a market area. Cross—sectional studies

| require a sufficient number of market aggregates to provide a basis for
estimating the effect of "market prices" on household demands across these

_ local market areas. The appropriate level of aggregation to measure market

~ prices depends on the good or service and what delimits its market., Clearly it
, is not appropriate to measure the household's price by observing what the |
= household pays, as this will embody the inusemla-s demand for "quality” in

" "Vthat good, which is unllkely to be independent of its demand for "quantity".

“ For example, the family that spends a great deal per visit to a doctor for

'  : :';thelr chlldren cannot be v1ewed as: confrontmg a hlgher price for medlcal care
| ‘tha.n nelghbors who spend mch less per v1sit to a doctor for their children.

’-"”‘Conversely, a household 1ocated in a town that sperﬂs more on pubhc health'

,'programs than does the average town will actually confront a lower "market". .

. price of med:.cal serv:.ces, presumably of quality adgusted health care, that

4 Yoes not neoessarily reflect the mdw1dual household's preferences. Market
o -prioes nust be measured,- then, at a level of aggregatlon above the household to

» --‘_._ assure that the prices are exogenous to the household' demands and behavmral

" outcomes which axiomatically depend also on the preferences of the
household. 12/ , - B o

~ Residentjal community characteristics may be particularly useful in esti-
mating input demand relationships because they generally can be assumed exo-
genous from the household's point of view. Merging data on small community
markets—their wages, prices, and service programs—is a natural step toward
empirical application of the household production-demand approach to child
survival. Extraction of "price" type variables from regionally aggregated data,
from a census or consumer expenditute survey, for example, to explain individ- .

ual household behavior is increasingly common in economic demography.
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Endowments

The second class of demand determinants_ is the household's ownership of
factors of production., The prior discussion suggested why one might want to
treat the individual's education as such a predetermined labor endowment, It
may be useful to alsc treat vocational training as an exogenous determinant of
demands. Inherited norhuman wealth may, by the same logic, be viewed as given
to the individual or at least largely outside of the individual’ s control.
Although the ownership of land and reproducible capital is generally v1ewed as
'exogenous to short run household oonsuxrer behavior and to producer input allo— |

cation dec1s:.ons, these stocks of nonhuman wealth reflect lifetuxe accunulatmn

1 : 'behavmr and may not be’ predetermined from the point of view of long-term demo—~
' _graphlc behavz.or.. Again, drawmg the line between exogenous oonstramts and |

'endogenous chowes becomes a cntical matter of model spec1flcation. In this ‘

o case,; the characterlzation of an _ind1v1dua1_'s‘ init;al,endovments x_mgh't be in-

" ferred from family history Questionnaires that seek to distinguish among SOurc,h"

- es of inherited wealth and subsequent accuxmlatlon over the 1ndiv1dual s adult -
~ lifetime, Clearly, one should distingLuSh between inherited wealth brought to

 the ‘household by husband and wife and that t brought by other members.

Environment
The third and final determinant of household demands is the productive

environment that is outside the behavioral control of the individual or

~ household. A local climate conducive tohalaria, for example, may increase
child mortality. The area may benefit from a public irrigation project that
alters cropping possibilities and raises the market value of land, but spreads
schistosomiasis, Resulting changes in cropping patterns may then affect women's

enploynen_t opportunities, through encouraging, for example, rice or cotton
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éﬂtivation that assigns greater value to the tasks that women ap?ear to have a
comparative advantage in performing. These technological characteristics of
the productive environmant are related to geographical and administrative
aggregates that need to be spacified for each productive process or'-outcome.

. There are likely to be many ramifications of a change in the local productive

~ environment, obviously, and the net effect of these on child survival may not
always be clarlfled by theoretical insights but may smply require extensive
o empirical study ’ ' '
Lo m a-]th' I n‘g’;’bs_» . . D :
o Arbther}v'tie‘r of dai:a -reciuired to estiinate the stmchral-'nodel r‘elateﬁ to
. child health J.nputs. The standard medical care jnputs nust be smmarily reas-
':'»ured, for the statlstlcal meffimency of the two—stage estimatlon approach

_argues agamst the evaluatlon of a. very long 1ist of inputs, partlcularly when

“the prices of the mputs and the income elast1c1ties of their demand are
| similar. In addition to medical care inputs, birth order of the cruld, spac-
j ‘ :lng," number of siblings, and age of mother at birth are relevaﬁt data All of
| these aspects of the timing of family formation are thought to influence the

o parent time and market resources -available for child care and other consumption

needs, Duration and extent of breastfeeding and nutritjonal inputs should be
summarized, perhaps by anthropometic measures, such as height, weight and
skinfolds, Time inputs of mothers and other persons performing child care
functions should be quantified, and the educational attainment of these indi-
viduals recorded. Bousehold consumption patterns that may affect child survival
include whether the family has a protected water supply or modem aanitation
facilities, and various aspects of quality of housing. The productive activi-
ties engaged in by household members, including the mother and child, my
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affect the provision of child care or exposure to particular diseases or
occupational hazards, _

All of these potential inputs to child survival are to some degree choice
variables, even though these household choices may not be strongly affected by
their consequences for child survival. Occupational choices, for .exarrple, nay
be determined primarily by other factors (e.q., wage rates) » even though they
often entail exposure to different health risks, The income effects assoc1—
ated with the occupational choices may neutralize these differences in risks to |
child survival, or they may not. Direct correlational ev1dence is not likely
to clarify these :Lssues, Just as we have slowly learned that the sixrple corre- |

~ lation of fertility and child mortality is not necessarily a satisfactory esti-

. mate of a causal relationship,

The th.ird type of health prograns, those that alter the exogenous health

,.Aenv:.ronment, can be treated as an input at the comnunity level eradicating or

controlling a local disease and thereby reducmg Chlld mortality risks for all

persons., As suggested in Table 1 ; however, one has reason to expect such pro-
grams to benefit differentially the population aceording to their preprogram

"capac1ty to protect thenselves through other inputs, such as mother s educa-

tion, or father's wages ¢ OF household nonhuman wealth, The production function
4shoUld be specified to include interactions between inputs in these cases where
it is hypothesized that inputs are substitutes or conmplements for one another.,
The earlier discussion of mother's education and program effects could be gen-

eeralized to many pairs of inputs, Empirical study of such potential inter-

actions is possible whenever more than one of the inputs is measured at the
household level. However, where both inputs are measured at the community lev-
el, milticollinearity across regions in various inputs and input prices may
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make it difficult to observe sufficient independent variation in the inputs so
as to test empirically for cross-substitution effects in the production
function. Experinental design may ultimately be needed in the implenentation
of public prograns across regions to introduce independent variation in the mix

H ~of programs that wouldpermit one to confidently measure synergistic effects

| -among policy inputs.of thls form.. Nothing in the approach precludes, however, |
o estlmating cross-substitution effects among program mputs in the reduced-form
. child survival equation.13/ -

Experience in estlmatmg structural" health production functlons is st111

"""'very limited. - Only one study of mfant health determinants has dealt w1th the

‘statlstlcal problem of health heterogenelty (Rosenzwe:.g and Schultz, 1982a) .
- The timmg and extent of prenatal medlcal care 1s not cons;stently assoclated
with mfant health outcomes in laroe random samples of U.S. births (Elsen,

‘.: R 11979). 'Ihis fmdmg could be interpreted to suggest that: prenatal medlcal care
.does not systematlcally increase blrth wexght or inprove prospects for Chlld |
. survival, However, heterogenelty in health endowments could lead women with
difficult pregnancies to secure earlier prenatal medical care and still report

below average child health outcomes., If this form of "adverse selection" of

- compensatory early prenatal medical care were v}idespread, health heterogeneity

would bias dovnward direct estimates of the "benefits" due to prenatal care.
To test this reasoning and apply the estimation strategy outlined in this

paper, Table 2 reports the simple linear determinants of birth weight, gesta-

tion, and infant survival for a representative satnple of over 9000 legitimate

births in the United States from 1967 to 1969, Colums (1), (3), and (5)
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Table 2
Proximate Determinants of Infant Health Indicators: U.S. 1967-69*

Dependent Variable: Birth Weight Gestation Infant Mortality
(grams) (weeks) (1 = died)

" Estimation Method: OLS wva as oS v/
(1) (2) (3) (4) (5) (6)

. . ’:

" Delay in Prenatal -1.96 -23.6 -.0091 ~-.0512 ~-.00015 .0043
Medical Care (3.11)  (4.16) (3.21) = (2.18) (.81)  (2.49)
v (months)a/ ‘ v :
Smoking while -10.0  =20.0  -,0082 =-.0159 ,0000 .0043

"':-"'..-.Pregnant' cigarettes  (15.3)  (3.84) = (2.83) (.74)  (.04) (2.74)

 Age at Birth 3,05°  .486  -,0085 ,0080 =-.0015 0017
(years)® (2.41) (12)  (1.52) (.48)  (3.12) (1.37)
_ Parity at Birthd/ 22.9  67.0  ,0044 0734  .0159 0051

(3.85)  (4.15) (.26)  (1.10) (13.4) (1.05)

. Black : =250,  -242, -,725 -.639  ,0235 0297
B o (16.6) (10.1) {10.9) (6.46)  (5.06) (4.12)
: ) 1967 1608 13.‘7 |540 .522 . -00084 -00097
(1.21) (.86) (8.89) (8.00) ~ (1.98) (2.04)
1968 13,2 13.5  .110 .119 -,0011 ~-,0017
PR . ~ (.95) (.90)  (1.81) - (1.91) (.27) (.39)
Intercept 3245, 3323, 39,2 = 38,8  ,0282 0612
3 o ©(110.)  (31.2) . (302.) (88.1) (3.12) (1.91)
R2 .0540 - .0242 - .0287 -
F . 78.39 32,37 34,12 30.13 40,52 14.73

Sample size = 9484

Dependent Variable Mean 3288, 39,06 ' .0306
(standard deviation) (568.) : (2.47) (.172) -

&/Endogencus variables estimated by instrumental variable (IV) method.
Instruments include those cited in Rosenzweig and Schultz (1982a) plus

- husband's education by five discrete levels, milk prices, share of labor force
in manufacturing, government, agriculture, construction, unemployment rate, .
population per oby—gyn, sex of child, part time share of jobs, ease of divorce
laws, AFDC payment average, Medicaid includes family planning services, :

*The absolute value of t ratios is reported in parentheses beneath the
regression coefficients, Note that in the case of colums 5 and 6 the t ratios
are not unbiased, because the dependent variable is a binary variable (infant
mortality). :
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report ordinary least squares (OLS) estimates of the child health .production
functions that would be biased by the hypothesized form of health heterogeneity
and self-selection of bealth inputs; the inputs analyzed are the mother's delay
in seeking prenatal care, smoking while pregnant, age, and parity. Colums
(2}, (4), and (6) report the instrumental variable estimates of the same child
bealth production functions that are statistically consistent in the presence

~ of health heterogeneity. The following variables are sele_cted as instruments:

' education of mother and father, father's incom’e,A and"mefged ctiaracteristics, of

the re51dent1al area such as prices, bealth and famly planning prograns, and
. labor force characterlstlw. | |
 Bealth heterogeneity appears to mask almast conpletely the 51gnif1cant ben—

1_ef1c1al impact of early prenatal medlcal care on these three mfant health

:lndicators. The child health effect of postponmg prenatal care 18 increased.

‘v twelve fold on birthweight, five fold on gestatlon, and the sign of the effect
B ; vn infant mortahty 1s reversed and becomes statlstlcally significant when the
| approprlate v estimates replace the standard OLS estmates. A'mether who
e delays one month in obtalm.ng prenatal care raises her expected infant
mortality in this sample by 14 percent accord:mg to the instrumental varlables
estimates (Col. 6) that allow for the health heterogeneity.

~ The strong effects of smoking on birth weight that are noted in many direct
epidemiological studies of birth outcomes are also evident in this sample (see
Col. 1). But allowing for health heterogeneity doubles the estimated effects
of smoking while pregnant on birth weight, while the effect on infant mortality
is also increased substantially. -

Although the age and parity of the.mother exhibit a strong linear (and non-

‘1inear) association with birthweight and infant survival in this sample, the
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instrumental variable estimates suggest there is relatively little linear bio-

logical effect of mother's age on birth weight, gestation, or infant mortality,

though parity continues to contribute to greater birth weight. Interactions of

age and smoking, however, are deleterious to the child's birthweight

. (Rosenzweig and Schultz, 1982b).

- fThe empirical analysis of a probability sample of U.S. births matched to |

zreszdentlal regional characteristics suggests that inferences drawn regardmg

 the child health effects of health inputs can be sensitive to whether or not

mterogenelty in health endments is present and correlated WJ.th health mpt.lt
;slf: .behaVJ.or. In thls enplrical example, child health effects of early prenatal
care are obscured by standard epldemlologlcal methods ¢ &8s has been the case in

past stuches based in 1nd1v1dual data, Allowmg for the self-select:.,on of

v health inputs and the mteractlve role of health heterogenelty, one obtams
strong ev1dence that early prenatal medlcal care :.s benef1c1al in thls U.S.

“* population.

o Enplrical study of the blologlcal and behav:.oral detemlnants of child sur- |
':‘_‘v1va1 may proceed in two dlrectlons- either to estunate ‘the ‘reduced form un-
| conditional relatlonshl,ps between child survival and individual- and
commnity-level variables that are assumed to be exogenous to the many _
o Gemographic, consumer, and producer chcices a household makes over time (Figure
'3, row 1b); or to estimate both the demand equations for health inputs (Figure
'3, row la) and the production function linking health inputs to child survival
by simultaneous structural equation methods (Figure 3, row 2).
| The reduced-form equation for child survival may be estimated without im-
- posing a great deal of structure on the problem, though specifyinglwhich
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3 variables ate exogenous and endogenous to child survival may prove
controversia.l. The approach proposed here is that all events after the woman
reaches economic independence of her parents and completes her schooling are
reasonably treated as endogenous, and in particular the timing of her first
birth may be seen as the first life-cycle decision that may subsequently be an
important endogenous input to the health of her children. A

The biological production function for child survival can only be estimated
after more structure 1s mposed on the problem, because in the praeence of

- health heterogenelty self—selected health inputs w111 tend to be correlated

 with the child's unobserved biological health endowment. To eliminate the

v' - b;.as due to self-selected inputs and heterogenelty, a two-Stage estimation pro-
' cedure is outlined that estimates first the health input demand equations, and
| then est:unates mdlrectly the health productlon functlon (Flgure 3).

In the estimation of elther the reduced-form equatlon or the health input
end production relationships, it is ‘valuable to have data collected both for
indlvz.duals from a representatlve sample of households and on prices, programs,_
and characterlstlcs of the commmnities in whlch these households are located
Si.nce the health inputs are often household choice variables, they are not in-
dependent of the health endowments of the children, nor to the preferences of
bousehold members. Consequently, the commnity aggregate variables on prices,
wages, programs, and environmental conditions are essential for the analysis, |
because they are outside the control of individuals in the household, and
hence, they are legitimately treated as exogenous instruments, This merger of
micro and macro variables facilitates both types of empirical research
strategies and draws the line more distinetly between. endogenous and exogenous
variables for the purposes of studying the detemrminants of child health., The '
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joint analysis of micro and macro variables also permits the study of plausible
interactions between the two levels, such as that illustrated above between the
mother's education and the comminity level of program activity. Micro-level
observations on Chlld surv1val ¢ Observed for the individual child or aweraged
for each mother over all her children, also provide a firmer basis to explore
nonlinear response patterns than 1s feasible when analysis rehes on aggregate
measures of child mortallty across reglons 19-/ Ch the other hand, market prices

; - and certain forms of varlation in the productlve envzromtent are concelved in

terms of agaregates over geograph1c and admmistratlve reglons. Other

aggregates of individuals might also be oonsmered vhere it is hypothe512ed

_ that group identification mfluences the productlve pOSSibllitleS available to -
’indlv1duals, such as their mexrbershlp in a certain caste, class, racial, or
'rellglous group, The ‘absence of mdz.v1dual data, however, mght cornceal the
| ..interactrve structure and nonlmear form of relationships, and confound
| smultaneous relationships and feedbacks. _
- If the general hypothesi's of health heterogeneity is accepted, as I think
it mst be, the widely cited evidence of direct associations between proximate |
'health inputs and Chlld health outcomes cannot be accepted at face value as
evidence of causal relationships. The bias enbodled in these associations may
be minimal, but I suspect it is frequently substantial. The problem of
_evaluating health inputs may be particularly serious when it comes to policy
interventions that subsidize the self-selected curative medical .services for
.acute 'illness_. |
More generally,' if social and biological scientists are to proceed along
convergeht research strategies in their analyses of the determinants of child

survival, t.‘rxey mist move toward a common framework., This framework needs to
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) draw clearly‘ the stochastic distinction between independexit or exogenous
variables and dependent or endoéenous variables, Child survival should be
viewed as one among many endogenous household variables that are modified by
economic and demographic choices. Child survival may be usefully interpreted

as directly conditioned on exogenous constraints and envirommental conditions,

. 'such as regional publlc programs, prices, wages . and ind1v1dua1 biological and

economic emiowents. To estunate the structure that links these exogenous

B ‘va.nablw to chxld surv1va1 will requue added informatlon about ‘the problem.

_: 'mis paper bas outlmed one poss1b1e estmatlon strategy for clarifymg thlS

N structure.
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Notes

V Examples abound of this form of bias misleading the researcher who tries to
characterize health technology from nonéxperinental evidence, Efforts to
estimate the effect of vaccinations on child survival, for eiample, are
bedeviled by the tendency for éhildren who "naturally” get vaccinated to be

. otherwise different from nonvaccinated chlldren, namely they texﬁ to reserve ‘

other ‘urmeasured. benef1c1a1 health mputs.

| 2/ It is possible to 1dent1fy the selectlon correction solely on the bams of

" functional form assumptlons (Beckman, 1979), but this seems to - place excesswe

}rellance on nonlinear spec1f1cat10n chomes, such as mphed by the problt or

B 'i;' loglt form.:latxon.

3/ Mark Rosenzweig and I have examined the possibility that education of the
- mother may achieve an increase in birth weight by three means: altering the
" measurable mix of inputs to child health, enhancing the productivity of spe-
cific inputs differentially, and exerting a neutral productivity enhancing
effect on all inputs. Thus far we have found most of the effect of mother's
education on birth weight in the United States can be attributed to education's .
effect on the mix of inputs used by mothers, though the exception may be in the
timing of the first visit to the doctor for prenatal care, which aépears to be
of enhanced value for more educated mothers,

4/ This section draws on the joint research the author has been engaged in
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with Mark Posenzweig over several years that is summarized in Rosenzwelig and

Schultz, 1982b,
2/ For further discussion with respect to mortality, see Schultz, 1980.

$/ colum A, second row (i}.e., A.2) indicates that if the informational roles
- of both public health and family planning programs and maternal education are -

i predominant, such programs are likely to have a greater effect on child health

in families with less educated women, compared to families in which the mother
has a higher, level of schoolmg. This difference reflects the fact that the
‘V availability of infermation 1s only of value to households which have not al- A

ready acquired the ’infomation,’ namely, to those who face higher costs of in-

'_formation acquisition. If prograns mamly lower the user oost of modern health “
- inputs (column B), however, higher educated famllies, who are already mre a—
f ware of the "benefits" of such inputs, will be the ones benefiting most, given.‘
~ the informational role of ‘education (B.2). With respect to the four other roles
" of education, it cannot be established a priori who will benefit more from the
pubiic provision of technological information (A) relating to the production of
health, as the effects will depend on the type of information generated and on
unknown differential income effects by mother's education level.

Programs that cause the remission or eradication of disease from the comm-
nity environment, without otherwise affecting the regimen of people, (column C).
have the potential for narrowing mortality differentiale by educational class,
assurning that before the program disease is more common among the ieast
educated. Broadly based eradication campaigns are, therefore, likely to ben-
efit most the least ‘educated, since it is implicitly assumed that education's '
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effect on the pre-program incidence of disease through roles 1, 2, 3, and 5
outweighs any effect arising from role 4.

Z/ For example, if it is found that the effects of health programs on child
survival are greatek in families with less educated mothers, the joint hypoth-
eses that the programs reduce input costs and that more educated mothers are

- more able-and willing to take advantage of such subsidized health services

~ (B.2) can be :ejected This is, inc-identaliy, a widely accepted view of the '_
._j "z process by which publlc ixealth servxces benefit disproportiomtely the more |
E educated (Caldwell, 1979). It may  be a valid hypothes:Ls at very low levels of
~ income and average educatlon, such as in sub—Saharan Afrlca, but may also be

‘ regected by data from hlgher income . populatlons, such as in Latin America,

| .Q/ In this centext, ‘i‘t' is not the size ef an B (or the pori:ibn of variation in
indlwdual behavior wl'uch one explams) that is the appropnate cnteuon for
Judgmg the irrportance" of behavioral demands in the study of Chlld survival.

 The mportance of this relatlon is better evaluated in terms of the magnitude

of slope ooeff1c1ents in congunctlon with the range of changes that might
reasonably occur in the conditioning variables. Also the size of the slope
coefficients relative to their standard error (i.e. t ratio) provides a useful

- indicator of the precision of the slope coefficients.

74 Ideally, the theoretical structure will also imply the direction of some
effects (one-tailed tests may then be applied) and restrictions across co-
efficients in a single or a group of demand equations, This stronger level of
~ confirmation of theory, however,is uncommon where unconditional demand rela-
tionsh;ps are being estimated, because the demand and production parameters
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cannot generally be separately identified. If the estimated slope of the
relationship does not exceed 2.4 times its standard error (two tailed test,
sample size exceeding 60), one cannot be confident that in even 99 percent of

~ the random samples would the slope coefficient be different from zero, In this

~ case, where that ratio is less than 2.4, the relationship can be viewed as
suggestive, but not confirmed with much confidence. In the case of mutually |
| - exclusive and exhaustive discrete variables conditioning an outcome (e.g.
' rac1a1 groups), the joint F test nay be enployed, as the suppressed category 1s,}
:_ rbitrary and henoe the magmtude of the indlwdual class coeffic:Lent and
.associated t ratios are meanmgful only relatlve to the (azbltrar:ly)

o ‘_ _suppressed class.

W For instance, thls framework is not de51gned to help interpret the mverse

a part1a1 correlatlon between ownershlp of consumer - urables (toilets) and child "

survival, even though child survival may be affected by sanitatlon facihtles. |
" ) _Neither can one interpret causally the simple assoc1at10n between women's
enployment behavmr and their fertllity Both outcomes are Jomtly detex:mmed
-choices, Just as the quantltles of apples and oranges purchased by the oonsmner'
are joint decisions, to some degree, linked through the budget constraint and
probably related in the utility function. We would not expect a regression of
apples on oranges to be interpieted as suggesting that apple purchases have the
associated effect on the purchases of oranges., They are both outcomes of a
system of demand equations determined by prices, endowments, and preferences.

i/ The shadow prices of the final commodities produced in the bome are not
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identical to market prices, for they are an amalgam of the prices of time and
goods inputs, and because the individual's time may be valued differently
depending on what the individual does, the shwow prices reflect consumption
and labor supply choices of the individual. Thus, the commodity prices
discussed by Becker (1965) and later Willis (1974) with regard to the
household's time allocation or choice of fertility & not satisfy the criteria.
for market prices that are appropriately treated as exogenous determinants of

412/ Ttus assumes exp11c1tly that people do not- nugrate to a ooxmumty where the
' available mix of public services fits their tastes. once it is admitted that
A interreglonal nugratlon is heavily determined by people's preferences for child

survival (or closely related household commodities such as fertlllty) v then )

' rng.onal characteristics are not a sultable bas;Ls for purging the input demand
. equations of the effect of health heterogeneity.‘ Conversely, if governments
locate health -prograns in regions that have an unusual average level of health
¥ endowment, say areas where malaria is Stlll uncontrolled, ‘then care nust be
_exercised in Ainterpreting the "effect" of such programs on child survival. In
thls case, the regional health program becomes itself a response to |
"endowments" and must be explained by the more basic governmental priorities in
oohjunction with regional characteristics., See Schultz, 1983.

13/ ror example, Schultz (1971) estimated across 36l regions of Taiwan the
cross-substitution effects on fertility of different types of field workers in
the family planning program., Thus, in a locality that had already received
much attention by prepregnancy health workers" the "village health education °
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workers” were notably less effective in reducing birth rates among older women.
This conclusion was derived from a redu_oed—form specification of a fertility
equation that assumed child mortality as predetermined.

14/ categorical or higher order polynomials in the explanatory variables might
be introduced. Box-Cox (1964) power transformations might also discriminate
among :élterna’tive functional forms for the dependent variable, as well as those

. for the explanatory variables.
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