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Abstract

Experience with Pregnancy, the Demand for Prenatal Care
and the Production of Surviving Infants

by

Eugene M. Lewit

Adviser: Professor Michael Grossman

The object of this research is to develop a model of household
demand for prenatal care and attempt to measure the productive value
of prenatal care per se on Iinfant health as measured by survival.
Traditionally, infant mortality rates have been uged as indices of a
nation's health status. Since the U.S. has lagged significantly behind
other developed nations in reducing infant mortality since the mid-1950's,
there have been charges of a malfunction in the U.5. health delivery
system. Particularly in the area of infant health, critics have charged
that more prenatal care inputs are needed and that they should be directed
specifically towards so-called high risk mothers. Others have questioned
the value of input intensive prenatal care, claiming its marginal product
is low, cost high and efficacy unproven.

An econcmic model is developed 1In which the demand for healthy
children is viewed as being derived from the demand for children per se.
In a world where families cannot substantially effect the ocutcome of
individual pregnancies by varying inputs, it is demonstrated that measured

infant mortality rates will be not only a function of health status but



also fertility declsions. fn a world where families can vary inputs, it
is argued that prenatal care, as the most pregnancy relevant related
input, should be a good index of the total demand for pregnancy related
inputs. It is argued that-khe level of inputs will be positively
correlated with income, tend to increase in families who have experienced
pregnancy losses and decrease as family size increases, particularly if
marginal children are less "wanted" as family size increases.

Demand and production relationships are estimated using data from
the 1970 New York City birth cohort. The data set consists primarily
of birth and linked death certificates for the period January to June,
1970 and contains 54,000 observations after editing.

Several different dependent variables are utilized to estimate
the demand for care. They Include a dichotomous care/no care variable,
the interval to the iifrst visit and the number of visits. Significant
empirical findings include: (1) the decision whether or not to seek
care 1s most strongly influenced by legitimacy status; {(2) the demand
for care 1s effected by past experience as predicted by the model in
that families with more live children demand less care and those with
a history of losses demand more care; (3) substantially less care is
demanded by blacks, foreign born and Puerto Rican born mothers even when
other variables are accounted for; {(4) less care, other things equal,
is obtained in specially designated Maternal and Infant Care Project
areas, despite the presence of these special projects to encourage
the use of care by high risk mothers of low soclo—economic status; (5)
the amount of care a mother receives ig substantially determined by
obstetrical protocol and does not seem to reflect her previous

pregnancy experience.



Outcome measures include birth weight, infant death, neonatal
and postneonatal death. Regarding birth weight significant findings
include: (1) birth weight differentials atrvibutable to race, ethanicity,
nativity or legitimacy characteristics are substantially reduced by taking
account of differentials in the level of care received; (2) the net gain
in birth weight attributable to a full complement of prenatal care (303
grams) as compared with no care is substantial when comapred with the
birth weights of "high risk" infants; (3) previous experience of pregnancy
successes and losses are reflected by increments or decrements in birth
weight.

In comparing results of outcome regressions for neonatal and post-
neonatal mortality, it is found that other things equal, prenatal care
has a pogitive effect on survival during the neonatal period but no
effect during the postneonatal period. Hence, it 1is argued that care
per se has real value in improving pregnancy outcomes and 1s not primarily
acting as a proxy variable for "wantedness" or other unmeasured inputs.

The results of using FIML logit estimators on the dichotomous
dependent variables biased on a subsample of observations do not agree
with the OLS estimates based on the entire sample. It is suggested
that econometricians need to more fully explcore the relationship between

the value of these two techniques, particularly in very large data sets.
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Chapter I - Introduction

Infant mortality has long been an area of interest to students of
health. Varilations in infant mortality rates and the determimation of
factors associated with favorable pregnancy outcomes have been of substantial
concern because the high vulnerability of children during the first
year of life would tend to argue that the implementation of policies
designed to reduce infant loss could thereby significantly raise health
levels. Moreover, whether in cross sectfonal or time series studies, the
reduction in infant mortality rates has tended to reflect favorable
improvements in living, economic, and health conditfons.

Economists and demongraphers have been interested in infant mortalicy
rates and the interaction of different levels or expectations of infant
mortality with fertility. The result of such interactions may importantly
determine population growth. In this regard, a traditional concern and
one that still exists iIn developing countries is that excess population
growth will strain the other rrsources of the economy and lead to a relative
or absolute decline in output per capita because of the scarcity of other
inputs.

While the area of the interaction between population growth and economic
growth has been a traditional area of interaction between demographers and
economiste, recently economists have turned their attention to less
tradicional topics of concern. New perspectives have begun to be developed
for a more comprehensive economic approach to the study of infant meortality
rates and the continued responsivenesa of infant mortality rates to
aggregate economic growth has been questioned (Fuchs, 1974). Attention

has focused on the workings of health care system in the United States.

14



Critics have pointed to the rapid growth cof expenditures on health,
rapidly increasing prices of the health care, and the increasing share of
CNP devoted to health and have voiced concern about whether the benefits
from such an increased utilization of resources warranted this level of
expenditures.

One of the indices that has been of particular concern in this
discussion has been the high rate of infant mortality in the U.S.
Despite the very high levels of expenditure on health, the U.S. has lagged
significantly behind other developed countries in the reduction of infant
mortality, so much so that during the 20-year period from 1950 through 1970,
the United States' infant mortality rate dropped from a position of
seventh lowest rate among 15 industrialized countries to highest (Chase,
1972). Over that twenty-year perilod, the U.S. experienced a decline in
the rate of infant mortality significantly lower than almost any other
developed nation. As 1f this were not adequate reason for concern on the
part of critics, it has been pointed out that the United States uses a
relatively expensive technology in the production of healthy infants as
compared to certain other countries which have obtained substantially lower
infant mortality rates. Over 98 per cent of births in the United States
occur in hospitals and are attended by and large by physicians. In the
Netherlands, where the infant mortality rate is 40 per cent lower than in
the United States, the majority of births occur in the home and are
attended by midwives at presumably considerably leas cost. Other countries
have also attained much lower infant mortality rates without the utilization
of large scale hospital confinement for births or highly specialized

physician manpower in attendance at most births.



Table 1

Age Specific Mortality: 1970

Age . _Rate per 1,000
Fetal (1968) 15.8"

Neonatal 14.9**

Infant 19.8**

1-4 Years .8

5-14 Years A

15~24 Years 1.3

56-64 Years 16.6

*Fetal deaths per thousand pregnancies

**Infant deaths per thousand live births

As Table 1 indicates, infant mortality rates are almost a natural
cholce as an index of health because they are the highest and therefore
presumably the most atable age specific mortality rate for any age group
in the United States younger than 65 years. In fact, the death rate
during the first year of life is about equal to that for ages 1-29 combined.
This high visibility has been another reason why critics have latched onto
the relatively poor infant mortality showing in the United States as-
an indictment of the health care system despite the fact that infant
mortality rates in this country are low - very low relative to less developed
countries.

Defenders of the United States' infant mortality experience position

relative to other countries originally marshalled two arguments to account

i
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for the relatively poor showing in the United States. ¥First, it was
maintained that statistics were kept differently in the United States
than in other countries and that because of the much higher incidence of
hospital/physician attended births in this country, births that resulted
in deaths were much more likely to be reported as such (Chase, 1967).

It was argued that this difference accounted for a substantial amount of
the differences observed in the rates. A closer examination of the
statistics indicate that while this is a valid explanation for part of
the gap, it does not seem to adequately account for the trend in United
States of a relative deterioration of infant mortality rates which has
gone contrary to any indicarion of relative improvement in health care
in this country.

A second argument advanced is that the United States has an extremely
heterogeneous population and that therefore it is invalid to compare
rates in this country with rates in small generally homogeneous European
countries, presumably because there are genetic factors involved In the
relatively favorable position of these other countries. Unfortunately
this argument, whether or not valid, is once again an argument that
would support differences in rates at an absolute level but is not conducive
to supporting trends which have shown until recent years a definite
deterioration in the position of the U.S. relative to other countrieg.

Historically, the relative deterioration of the U.S. position
occurred during the decade from approximately 1955 to 1965 when the rate
of decline in the U.S5. infant mortality rate slowed to less than 10%
for the decade while rates in other countries were dropping relatively

rapidly. Since the pericd of the late 1960's, rates in the United States
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have begun to decline rapldly at a rate of decline approximating that
experienced in other advanced countries in the earlier period. It is
still too eurly to determine for the ycars wuch beyond 1970 whether or not
the recent substantlal declines in infant mortality in this country have
reversed the trend of continuing deterioration in the U.S.'s relative position.
The relative dynamics of both cross sectional and secular trends in
infant mortality clearly point out that rates are the result of a complex
reaction of medical care, soclial, biological and behavioral factors and
that any one explanation or approach to the subject is likely to fail
because of its presumed inability to cope with the other factors
involved. Despite the problem of determining causality, there has been a
definite policy thrust to attempt to reduce infant mortality in the United
States by increasing the amount of medical care rendered to the pregnant
population. The rationale behind this approach has been strengthened by

a study from the Institute of Medicine (1973), Infant Death: Analysis by

Maternal Risk and Health Care, which seemed to imply fairly strongly

that medical care had an important role to play in determining infant
mortality. The most significant finding to emerge from the study was

the projection that 1f all pregnant women in New York City in 1968

had received what was defined by the investigators as "adequate' prenatal
rare, the infant mortality rate could have been reduced by as much as a
third. This lower rate would have represented a very respectable showing
relative to cortemporarily reported international rates. Moreover, the
study found that there appeared to be a substantial misallocation of

care resources amongst pregnant women when the relative risks assoclated

with individual pregnancies were taken into consideration. Women who
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were defined to be at high-risk were less likely to receive any care
while women who were defined to be at low-risk were more likely to
receive ''adequate' care.

Before plunging ahead with a policy designed to increase the utilization
of medical services in order to reduce infant mortality rates, several
subsidiary topics should be considered. One 1is the question as to what
kind of information can we obtain about the selection process which
leads to the finding that those women who presumably would have benefited
most from care were least likely to receive ijit. Clearly this can be
an indication of malfunction of the health care system but it may also
be an indication of the absence on the part of the individuals of demand
for care., This problem is in a sense highlighted by the study's own
finding that in assigning women to high-risk groups on the basis of
either "medical"” or "soclo-economic" risk that prenatal medical care
had its most substantial impact in reducing infant mortality for these
women who were judged to be high socio-economie risks but much less of
an ifmpact on those women who were deemed to be at high medical risk.

The question naturally arises as to the rationale behind categorizing
wonen as being at high soclo-economic risk and whether there was an
element of circular reasoning involved, i.e. groups of women who
traditionally did not seek care had a previously documented history

of bad outcomes and were therefore defined as being at high socfo-economic
risk. Secondarily, the question as to why these women did not seek

care or obtain care and the implications of their failure for programs
designed to extend care to them become very significant.

The whole area of household decision making has been another area



that has opened up to study by economists, particularly within the last
decade. Within this area, Grossman (1972, 1974) in particular, has focused
on a household production model of the demand for health and subsequently
the demand for child health and has attempted to determine those vartables
that are responsible for determining the demand for wedical care and
presumably the production of health. 1Imn addition, a number of economists
have turned their attention to examining the determinants of family size
and have viewed child services as being a significant commodity demanded
and produced within the household. They have examined desired family size,
desired child spacing and the demand for contraception and child attributes
within the context of the household production model.*
It seems therefore that a fruitful extension of research on the
infant mortality problem, with particular attention to the relative
efficacy and utilization of prenatal services, would be to attempt to
develop a model of demand for infant health and hence survival which
utilizes the household production perspective. It seems logical to
presume that the demand for healthy or surviving children 18 clearly
derived from the demand for child services themselves and moreover,
that the demand for medical care in the production of favorable pregnancy
outcomes is derived from the demand for surviving children and the
presumed efficacy of care in producing survival. This will be the approach
that I take in this paper. 1T shall assume that there is a household
demand for children which can be satisfied by successful pregnancies and
that, in making a determination of the desired number of pregnancies and
the expenditure per pregnancy, the household shall take into consideration
*See for example, Willis (1972), De Tray (1972), Michael (1972),

Michael and Willis (1973), Ross (1974), Ben-Porath and Welch (1972),
and Becker and Lewis (1972), to mention only a representative sample.



the cost of producing survivors and the post-pregnancy cost of children
relative to the cost of other goods, 1In determining the demand for care
and in attempting to measure the efficacy of medical care in the production
of healthy infants, I ~hall view such demand as belng derived from the
demand for surviving children and concentrate on the importance of household
experience with previous pregnancies in determining both the amount of
reacurces to be expended on a specific pregrancy and the amount of care
demanded during a specific pregnancy and attempt to accurately measure
the outcome of such resource allocations in order to more clearly define
the production process.

In the next chapter, I examine possible fertility responses on
the part of households to completely exogenously determined mortality.
The implications of various forms of household response for measured
mortality rates demonstrate that measured infant mortality rates are a
function not only of blologically and/or medically determined survivorship
but also of the demand for additional pregnancies in the face of losses.
In Chapter 3, I develop a model of decision making for expenditures on
pregnancies based on prior experience with pregnancy. I attempt to
integrate demand for children with the demand for pregnancies and the
demand for expenditures on individual pregnancy based on prior experience
and other exogenous variables,

Chapter 4 contains a description of an empirical model that can
be estimated to test scome of the Implications of the theoretical model.
The particular focus is on the pregnancy as a production process and the
emphasis i3 on formulating a system of equations to describe sequential

behavior in this context. Two demand relationships are formulated.
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They measure denand for prenatal care by uging both the interval to the
first prenatal visit and the number of visirs au dependent variablea and
two outcome measures are estimated as the reault of the production process.
They are birthweight and survival. /

Before empirical estimates of the relationships are presented, specific
problems encountered In attempting these estimates and the solutions
employed are discussed in Chapter 5. In Chapter 6, estimates of the demand
functions for prenatal care are presented and discussed using cross sectional
data from the 1970 New York City birth cohort. Using the same data set,
outcome relationships are estimated using OLS regression techniques and
discussed in Chapter 7. Since OLS may not be the appropriate technique
to employ with dichotomous dependent variables, such as death or survival,
full information waximum likelihood estimates of the logit of the death
function are presented in Chapter 5 and compared with the OLS estimates.

A summary of the conclusions drawn from the estimated relationships are

discussed In Chapter 9.



Chapter IT - The Relationship Between Replacement Fertility and Measured

Infant Loss Rates

The notion that infant and child mortality rates will have a
strong influence on family fertility decisions has played an important
role in the prediction of population growth patterns by demographers.
Observation of family responses to child losses and of high fertilicty
rates in areas with high child mortality experience has led many to
conclude that "replacement' is an appropriate model of behavior under
these circumstances. By "replacement" is meant the almost automatic
attempt to compensate for a dead offspring with a new birth. The basic
assumption underlying such hypothesized behavior is that parents have a
certain targeted family size and that they will strive to attain this
goal even in the face of gubstantial losses. It is frequently assumed
in such models that children represent a form of old age security for
parents and are an important form of investment for this purpose and
that a specific number are required to assure fulfillment of this function.
If death rates are high throughout the entire childhood period, and
even during young adulthood, then parents will require a large number of
births to assure an adequate number of survivers. Concern has been
expressed about the possibility of explosive population growth if declines
in child wmortality, which are likely to accompany economic development,
are not matched by compensatory declines in the birth rate and improvement
in conditions of child health lead parents to over shoot their goals.

Several economists working in the area of fertility determination
have pointed out that this simplistic model of replacement does not

adequately deal with the possible relationships between fertility and
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child mortality. DeTray (1972) has pointed out that since pregnancy
is not costless, high infant loss rates may in fact discourage pregnancies
as at the margin the fawily finds that the utility associated with the
probability of the child’'s surviving is less than the disutility assoclated
with maternal mortality (the only cost he explicitly cites as being
associated with pregnancy) which 1s likely to be high in areas where
child mortality is also high.

O'Hara (1972) has invesatigated the cost and return streams associated
with investment in children at different stages of their life cycle.
He uses a model in which family decisions about children involve the
risk of death at each age rather than the overall survival rate. Usaing
this technique, benefit and cost streams for children can be derived
which reflect the expected survival experience of the individual family.
An important aspect of this analysis is that it treats expenditures on
children as endogencus and allows parents to adjust expenditures to
reflect experience so that changes in the survival rate need not only
influence the number of children desired but their average cost ("quality").
If parents are more likely to experience net benefits from children as
the children survive longer, O'Hara points out that mortality declines,
particularly after infancy, are likely to increase the expected net
return from pregnancy and encourage parents to devote more resourcesg
to children. This process should also lead parents to substitute
"higher quality" children for "lower quality” children. While the net
result of the various substitution effects on both the birth rate
and more importantly the rate of population growth are uncertain in
this model and can only be resolved empirically, O'Hara's model does

add a dynamic quality to family decision processes. Moreover, the model



may have significant explanatory valuec in advanced societies where
childhood mortality drops off sharply after infancy so that families
have greater flexibility in planning for additional births. Household
expenditures on child quality may then reflect the survival experience
of individual offspring.”

Before developing my own approach to the problems of the demand for
children and child survival, I would 1like to point out that a limitation
of the works cited is that they are primarily concerned with explaining
fertility behavior resulting from the health (survival) status of children
and not with the determinants of infant health per se. Thus, the observed
correlation between high child death rates and high birth rates in LDC's
might alternatively be explained by the hypothesis that a high birth
rate In the presence of extremely limited family resources results in
high child loss rates as resources are spread too thinly. If family
planning ia not widely practiced in these societies, it would appear
that the assumption of exogenocus death rates and endogenous birth rates,
which underly the simple replacement hypotheais, are not tenable.

Moreover, neither DeTray nor O‘'Hara have considered the implications of

_ *An important distinction can be made between so-called developed
and less developed nations based not only on the differences in the
absolute level of mortality at all ages but In relative age specific
mortalicy rates. As noted previously (Chapter 1, Table 1), in the
more advanced nations, mortality rates for children over a year old
are extremely low both absolutely and relative to infant mortality
rates. In such circumstances, families will be able to attaln desired
family size by replacing only those desired children who actually die,

since the death is likely to cccur while the mother 1is still fecund.
In less developed countries, where death rates are high throughout

childhood, families have much less control over completed family size.
A large number of births may be desired in such situations regardless
of individual experience with survival during infancy because the

risk of the loss of a child at five or ten years of age may still be
substantlal and unpredictable. The danger 1s that such a fertility
strategy may lead to explosive population growth if parents fail to
reduce the targeted number of births in response to fmproved exogenous
conditions which might significantly reduce deaths among older children.
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child survival beinpg dependent on the amount of expenditures on children -
although both have made expenditures conditional on survival. Lastly,
lirtle consideration has been glven as to how the family forms its
expectations as to child survival - while the assumption seems to be
that societal values are applied in individual decision making, it seems
l1ikely that individuals have other sources of information about their
own probable child rearing potential and that these may play an Important
role in their individual fertility related behavior. I shall defer to
subsequent sections of this study the theoretical implications and
empirical investigation of considering child survival as being endogenously
determined., I shall first investigate some of the implications for
aggregate infant loss rates of individual decisions regarding child
bearing under conditions wihere pregnancies are costly, outcomes uncertain
and loss rates are exogenous although not uniform throughout the population.
The model that I shall examine is a variation of one utilized by
Ben~-Porath and Welch to examine the effect of the unpredictability of
certain child characteristics on fertility.* Thus they point out that,
while many economists, following Becker (1960), have chosen to consider
child “quality' as being a function of parental expenditures on children,

there are attributes of children such as sex, genetically determilned

*Ben-Porath and Welch have jointly and individually published
four papers on this topic: Ben-Porath and Welch (1976); Welch (1974);
Ben-Porath and Welch (1973); and Ben-Porath (1973). Each of their
papera draws heavily on their preceeding work as does much of the theoretical
discussion in this study. Several of the mathematical results derived
herein are similar to those presented in Ben-Porath (1973), although
they were developed independently as an extension of the Ben-Porath
and Welch (1973) study which was my first contact with their work.



physican characteristics or intelligence and even survival which are
beyond parental control but which will effect the amount of satisfaction
parents obtain from individual children. While Ben-Purath and Welch
have been concerned largely with the effect of the sex of children on
parental child bearing decisions, T shall demonstrate how a similar
model may be useful in explaining differences in the measured infant
mortality experilences of different populations.

Consider a situation where families have consumption choices
covering two goods and attempt to maximize utility subject to the usual
income constraint. Thus,

U = U(c, S) (1
where U is lifetime utility, C is surviving children and S is all other
goods., Further, let

C=p- "n (2)
where n is the number of pregnancies and p is the probability of survival
of any individual pregnancy (which we shall call reproductive efficiency).
We may then define the lifetime income congtraint as

Y=S+n- My +pn -7, (3)
where all values have been fully discounted and S = total expenditures
on other goods; n and p are as defined in (2);1?5 is the price of an
individual pregnancy including both the direct coats such as medical costs
and the indirect costs such ag the opportunity cost of the mother's
time lost during pregnancy and perhaps the inputed cost assocclated
with increased risk to her health resulting from pregnancy; and'ﬂ;
i8 the cost of a surviving child including both direct costs and parental

time costs involved in raising a child. If we substitute the expected

values of C from (2) and Y from (3) into the utility function and call
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the new utility function of the expected outcomes Uy, we may maximize U, with

respect to the number of pregnancies subject to the income constrailnt and get

2 Vg _ - 4
e = p(Ue) - #, +p) Uy = O (4)
where U = @0 apnd U = @#U . Not surprisingly, this indicates
< ac 8 =23

that women should continue to become pregnant until the expected utility

of an additional surviving child is equal to the expected utility foregone

%
due to the decreased consumption of other goods.

*Note that maximizing Up is not strictly equivalent to the traditional
concept of maximizing expected utility E(U(C,S)). However, p is exogenous
and random so that one might want to pursue an expected utility analysis
by incorporating the density function of the survival parameter p, f(p)dp.
Such an approach is presented by Ben-Porath (1973) and adapting his formu-
lation to the model considered above yields,

E(U(C,S)) ~ JE()U(pn,y- Myn-pnTlc)dp. (42)

While (4a) can be maximized with respect to n, the interpretation of the
result depends on consideration of parental attitudes toward risk as
captured in the specific form of the utility function. It does not appear
that pursuing the formulation expressed in (4a) will yield any additional
strong insights without substantially complicating the analysis and calling
for additional assumptions. Moreover, we can demonstrate that the family
formation rule expressed in (4) 1s actually not as restrictive as it may
appear from its development above.

The relationship expressed in (4) can be derived within an expected
utility framework if we modify the ground rules slightly. Thus,
let us cofisider the utility associated with an additional pregnancy to a
family that already has experienced n, pregnancies and has C surviving
children. 1If p is the probability of survival and TT '1T and S are as
defined previously, and if there are two possible outcomes of the (no+1)St
pregnancy, then the expected utility associated with the (n0+1) pregaancy
may be written as

EU(n_+1)) = E(Un) = p(U(CH+L, S+n+ DT j+(C+1) AL) +
(1-p) (U(C,S+(n+1) T +cTh) . (4b)

If we allow U, (gaU) and Uy (= g) to denote small changes 1n U associated

with changes in C and S around the initial endowment point (CO,S+ngTb+Cdﬂ;),
then

E(Up) = pUc~Ug My+7)+(1-p) (-Ug b) = p(U)-Ug(T+pT) (4c)

which is exactly the same as (4). Moreover, (4c) may be interpreted as
a decision rule in & manner awnalogous to 4, that is, su long as E(Un)=’ 0
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Before examining the implications of this model for infant deatn
rates I should like to make explicit some iwplications of the assumption

that p, T,

c and'ﬂb are all exogenous. Although one might econsider models

where families trade—off‘ﬂ% for‘ﬂz, or, as I shall consider subsequently,
the possible trade-offs between p and'ﬂ%, here 1 regard them all as given
for a particular family. An advantage of thils approach, aside from
simplicity, is that it results in an unambiguous definition of p,
reproductive efficiency, as the probability that an individual pregnancy
will survive infancy for a given level of‘fb. Thus changes 1in p that

I shall consider below will be independent of the level of1rb and may,

for example, represent changes over time or diffcrences in a cross section
regulting from genetic differences, differences in maternal health, or
non-pregnancy specific environmental differences.

In a world of certainty, p may be treatz2d similarly to a technological
change parameter and the response of n to changes in p derived 1in a
straightforward manner. Thus, let

E = the percent change operator, and

€a,b = the elasticity of a with respect to b
then from (2)

En = EC - Ep = &,k Ek - Ep (5)

where k = 1[% + “Fc» the cost of a surviving child. Now,

[

(footnote continued)

it is desirable to have an additional pregnancy, but if E(Un)-d 0, it

i8 no longer desirable to have another pregnancy (clearly, one is in-
different at E(U,) = 0). Note that as one moves along the budget constraint,
increasing n, for fixed p,'"h,‘ﬂ}, and Y, U. should fall relative to Ug

so that E(Un) = 0 should define the point of maximum utilicy as in (4).



Cr,p ~ -"ﬁﬁ = - A (6)

where & = the share of pregnancy cost (fb) In the total expected cost

of a pregnancy (ﬂ-bﬂ"ﬁ‘c)' Then, substituring (6) into (5) and patheviug

like terms, yields

En = €. x €x,p EP - Ep = -(< CC P L Ep (7
or Cnn = (<& .+ (8)
or Cnp = _(-C,_Ck+1) (B)e-C

If children are normal goods& K should always be negative while »C
wlll pe poslirlve, SO CThAr the relative size and even sign of %p p will

depend primarily on .the price elasticity of children, e-c,k'*
We can examine the implications for different values of ec/’k on
&n,p' Note, that 1f ec,k =0, the“en,p will equal 1 and we will be
looking at the world of complete replacement. If &,k 4. 1/4,, the most
likely situation, then a rise (fall) in p will only partially decrease
(increase) n. Only if ec,k> 1/ will an increase in p increase c¢ and
leave n unchanged. The rational behind these relatfonships rests on
the dual function that p is made to play in this model. Thus, a rise in
p causes the price of a surviving child (the desired commodity) to decline
so that more children should be desired. However, an increase in p also
means that fewer births are required per survivor so that the net effect on
the number of desired pregnancies depends on thé relative size of the
parameters as indicated by the inequalities above.
Welch and Ben Porath (1973, 1976) are primarily concerned with the effect
di.ferences in the sex composition of children on completed famlly silze.
They examine situations where there 18 uncertainty as to the true

value of A, the proportion of boys and are particularly concerned

about the implications of the different ways in which expectations

*en will, of course also depend on the relative magnitude of «C
however, ig. would appear thate 18 likely to be quite small and
estimates of its size are not available while estimates of some clements
of ec K have been attempted (Willis, 1973).

¥



about N are formed.* They consider cases where Ais based on

only prior information (the dogmatic case), only on the experience of
the individual family (the naive case) and on some weighted average of
prior information and personal experience.

In the dogmatic case, couples whose actual experience deviates from
thelr expectations will tend to have larger families as it is not unlikely
that they will view the loss associated with being "unlucky" as an income
loss rather than as an indication of a difference in the potential sex
mix of their children. 1In the case where families are "naive'" and expect
that the sex composition they have already experienced will repeat
itself, they are less likely to have larger families even if they have
experienced an undesirable sex ratio because they will view the unfortunate
experience as an indication that they are faced with a higher price for
future children of the desired gender. Needless te say, in the intermediate
case, "unlucky" couples will tespond somewhere between the two extremes
but will still tend to have larger families., In all situations, the
critical empirical decision paramneter is the price elasticity of demand

for "quality corrected" children.**

*
)\in their formulation Is equivalent to p in our discussion of
mortality for moust of the formal implications of the model. The primary

difference would appear to result from the fact that a surviving child.
of the less desired sex would probably be more costly than an Infant
lost at birth - however, the survivor may yield some utility so that
the net cost would be difficult to calculate unambiguously,

**gen Porath (1973) has subsequently pointed out, that extension of the
model to allow for “pure risk" considerations,asp or nis not only exogenous
but also random,does not yield preductions which are independent of the
type of utility function assumed and that aside from possible risk reducing
portfolio effects which are fertility inducing, few other straight-
forward testable hypotheses can be Inferred despite considerable complication
of the model.



In the model 1 have pregsented above where the important element
of uncertainty is survival and the cost of pregnancy is only a small
part of the total cost of having children, it is quite likely that the
tendency will be for "unlucky' couples (those with high infant loss
experience) to demand more pregnancies although their completed family
size may be no greater (and probably smaller) than "lucky'" cvouples.

Let us now consider the probable effects of these attempts at
replacement on measured infant mortality rates in different populations.
The implications of such behavior for mortality rates are best seen
graphically in Figure 1. Here, I have contrasted the measurable results
of two somewhat extreme decision rules parents may follow with regard
to pregnancies and infant losses., Following the first rule, parents
decide on & certain number of pregnancics, K, regardless of the outcome
of the pregnancles; such behavior is illustrated by the straight horizontal
line n=K in panel (a). On the other hand, if parents set a target
family size of C and py (reproductive efficiency) 1is distributed randomly

throughout the population then the relationship between n, (the number of

i
pregnancies per family) and py (individual survival experience) will be
represented by the hyperbola C = npy, as also shown in panel (a).

If p is distributed in the population as indicated in panel (b), then
under the first decision rule, ng = K, the measured mortality rate for
the population will equal the mean of the underlying distribution for
that population. Let us call f(pj) the frequency of any given p; in

the population. Then for each level of p, there will be f(p;)-K births

and pyf{p{)K survivors. Thus, we can calculate the survival rate:

-



Figure 1 (II). The Effect of Replacement on the Distribution
of Births by Reproductive Efficiency and the

Survival Rate.
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1
Kp.f d
Survival rate = §E£Y}V°r3 - j& i (pi) Pi
Do KElpy) dpg

Total birfﬁg

1 .
Sa piE(py) dpj = E(p;). (9)

If families follow the second rule and replace all losses entirely then
C=pyny and the distribution of bitrths by reproductive efficiency will be as
pictured in panel (c¢). Here for each Pjsny = i and hence, total pregnancies
in the population will equal

fo &
°o 7, £lp ) dp; (10)

and total survivors

S [¢
jo pi(ﬁI f(pi))dpi (11)

The survival rate will be
1

Survivors
— 1 12
Total Births - -5; fﬁfil dpy (12)

Py

+

Let us call this rate, E(pi|C).

Infant loss ratea will be higher under the hypothesized replacement
rule than the equal number of pregnancies rule. This can be inferred
from a straightforward examination of the values of integrand within
each Integration. For each value of pj, the integral of E(pi) has the

value pif(pi) which is less than the value associated with that same pj

£(p)
under E(pilC), - i » 8lnce 0 { p; € 1. Hence, over all values of p
1
1 1 >
f(Pi) S 1 f(Pi)
50 dpi> o Pif (pi)dpi 750 57 dpi (13)

Py

and [1 - E(pi)] the Infant loss rate under rule one is less than



(1 - E(pllc)] the infant loss rate under the second rule {(complete replacement)
Civen that the infant loss rate will be higher under the decision
rule requiving complete replac. ment, it is ifmperative that we investigate
how likely this decision rule is. Recalling the previous discussion of
the relationship between ec,k and o, note that if p L3 high on
average and ﬂ'c substantially greater than‘ﬂb then << will be small
and e&,k will have to be quite high to discourage substantial replacement.
In the possible learning examples discussed by Welch and Ben-Porath,
only the extreme situation of "naive" learning {(where people assume
that their past experience is the only predictor of future results)
will the tendency to replace by "unlucky'" (those with bioclogically low
p's) be restrained. In the "dogmatic" case, they are not Influenced by
experience and in the situation of moderate learning, they may require
many pregnancles before deciding that they are indeed biologically
"unlucky."*
Some evidence that people tend to replace and that p may actually be
distributed randomly in the present U.S. population can be found in

Rk
Table 1. This table reports the previous pregnancy experience of all

*This is the most likely situation for famllies in the extreme
lower end of the distribution of p. Clearly, they cannot physically
(as well perhaps as economically) sustain the numbers of pregnancies
required by the decision rule ¢ = nyp, as Pi~» 0. These women may
follow a maximum ny rule or stop becoming pregnant after the first
successful hirth (see Billewicz [1973]1, for evidence of this behavior).

**1t is important to distinguish between observed behavior and the
true variation in p in a cross section. If p did not vary and infant
mortality was determined by a simple Bernoulli process, then even in
the absence of behavioral response to loss (e.g. under the rule C = K)
the distribution of observed p would fol’' w a binomial distribution.
Under such circumstances, individual lee: Ing from past experience would
have little value to the family, althoug’® individuals might indeed act as
though experience had informational value. Notice, moreover, that even
if families follow the rule requiring complete replacement, the aggregate

meagsured mortality rate for a given time period will not be affected gince
their probability of succesa on subsequent pregnancies is independent of

thelr past history.



Table 1
Cumulative Experienced Pregnancy Loss Rate of Women

with at Least One Prior Pregnancy in the 1970 New York City Birth Ccheort
bv Outcome of Indexed Pregnancy

Experienced Child Experienced Fetal

Loss Rate Per Death Rate Per
Qutcome of 1970 Pregnancy 1,000 Births 1,000 Pregnancies
Infant Death 57.5 161.9
Late Fetal Death (Stillbircth) 43.0 197.0
Surviving Infant 32.0 123.0
1970 Rate based on all pregnancies 21.8 *
Average of Rates 1955-1669 25.5 132.1

*1970 Fetal Death Rate not calculated because of very poor guality
of recording of this data on Fetal Death certificate due to legalization
of abortion in New York City in July 1970 (see page ).
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members of the 1970 New York City live birth and late fetal death cohort.
Two facts stand out in this tabulation. First, the death rate experience
of members of the 1370 cohort is higher than the averape experience of
New York City birth cohorts over the previous decade - this would tend

to indicate a form of replacement behavior since it might be inferred
that other things equal, mumbers of the previous cohorts who have been
"Juckier" have dropped out having reached their desired family size earlier.
Second, there is a strong propensity for infant survival experience to
repeat itself within the population - thus those women who experienced

an infant death in 1970 have a significantly higher historical loss

rate than those who had a surviving infant {in 1970. Moreover, this
repetition of past behavior is even selective as to the type of pregnancy
loss - e.g., the historical fetal death rate is higher for women who

have experienced a fetal death in 1970 than for those who experienced

an infant death, while infant death rates are higher for those in the
1970 infant death category; rates for both types of losses are higher

for those "unlucky' in 1970 than for those who bore surviving children

in 1970.

The implications of the model advanced above as well as the evidence
presented in Table 1 would seem to suggest that there 1s a tendency for
individuals even in modern societies to replace lost pregnancies and
moreover, that there appears to be a tendency for experience to repeat
itaelf (the culmulative loss rate of theose in the 1970 infant death group
approaches a 15%Z infant mortality rate compared with a 2% rate overall
in 1970). 1In light of such behavior, it would appear that differences

in the exact distribution of p, measured perhaps by the higher moments
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of the distribution, for individual population groups may significantly
affect measured infant loss rates in a manner not adequately captured

by variations in E(pi) alone, Unfortunately, it is not possible

to predict, in general, the espected ¢icect of difrerences in the
digtribution of p on E(plc) (our approximation to the measured mortality
rates given replacement) by reliance on the moments of the distribution.
The mathematical stumbling block is that it is not possible to infer
anything generally about movements in.Zk%i (the general form of the
denominator of E(p l c)) from informatiin about the movement of in

(or :E Xiz, etc., the general form of the moments of f(pi)).* Oie
is, therefore, left with the relatively weak statement that measured
infant loss rates should depend on the entire distribution of py not

only its mean but I am unable to predict the expected direction of this

relationship.

Some Empirical Evidence

Degpite the fact that I am generally unable to predict the direction
or magnitude of the expected effect of variation in the moments of the distrib
of p on measured infant surrival or mortality rates, it would appear worth
examining whether such effects can be detected empirically. The value of
such an endeavor stems partly from the reasonableness of the assumption
of at least partial replacement behavior by most prospective parents and
partly from the importance of measuring the extent of the effect of
behavior not directly related to the health care system on a widely
utilized health index such as infant mortality. If cross sectional and
secular variations in measured infant mortality ratea are due to differences
in the underlying distribution of p as well as diffferences in the demand for

eurviving offspring (as captured in differences 1in EE k), greater care must be
»

*This topic i3 explored more fully in the Appendix to this chapter.



exercised in using measured infant mortality rates as a general health

indicator and different policy alternatives may provide otherwise
unexpected results in affecting the measured level of infant mortality
in a given area or for a particular population group.

As an example of how consideration of the fertility/mortality
interaction model might help in interpreting changea in measured infant
mortality rates, consider the relatively rapid decline in infant mortality
rates in this couniry since ihe late 1962's. 1In 1950, the U.S. infant
mortality rate stood at 29.2 deaths/1,000 live births and the U.S.
ranked sixth lowest among 15 industrialized nations.”™ By 1955, the U.S.
rate had declined to 26.4 per 1,000; however, by 1965, the U.S. rate
had only declined to 24.7 per 1,000 1live births - a decline of only 6%
in ten years. In contrast, the Japanese rate dropped from 39.8 to 18.5
over the same decade, a decline of 54% and even the Swedish rate, already
the lowest among all nations in the world, declined 24% during the same
period. By 1969, the U.S. ranked 15th among the same 15 industrialized
nations by the measured infant mortality rate and critics of the U.S.
health care system pointed to the relatively high U.S. rate, and siow
rate of decline as evidence of a malfunction in the U.S. health care
system. In the late 1960's the U.S. rate began to fall and it had reached
16.7 per live births in 1974 (Wegman, 1975), while still high by International
standards, championa of the U.S. health care system could point teo the
32% drop in nine years as evidence that the system was functioning well.
While it would be too simplistic to suggest that the simple model elaborated

above in which measured mortality rates depend partlally on fertility

*All pre~1970 rates and rankings from Chase (1972).



behavior can provide a complete explanation for this reversal in the
U.S., trend, the model does suggest that failure to consider the fertility/
mortaliry trade off can lead to misinternretation of such trends and
particularly to an overly "health system” oriented response to changes
in these measured rates. |

For one thing, the U.S. has also experienced a rapid and persistent
decline in the birth rate which also began in the late 1960's - roughly
coincident with the decline in the infant mortality rate experienced
since then. While a check of the simple replacement model indicates
that measured mortality rates (E(plC)) should be independent of desired
family size (G), such a change in the fertility rate may indicate a
change in basic fertility behavior and in particular a change 1in é;’k
which will effect measured infant death rates under the replacenent
hypothesis. Innovations which reduce the cost of family planoing, and
particularly pregnancy prevention, such as the oral contraceptives
introduced in the 1960's and the legalization of abortion in the 1970's,

will tend to increase C; the elasticity of demand for children with

K’
regpect to their price.* Such innovations should also increase the income
elasticity of the demand for children as in both cases technological

change reduces the cost of making a change in desired C (or m for that

matter) and therefore should make changes in C more responsive to changes

in other variables, such as income, 1n the families' decigsion matrix.
Referring to tquation (3), we note that an increase in ‘c,k {so long as

C~,k'< 1/4) should lead to a reduction In@, n,p and an overall reduction in th
tendency to replace unsuccessful pregnancies. 7This reduction in the tendency !

*Where the cost of preventing a birrh is not, properly, coasidered
A cost ol having a child,



This hypothesis was tested using 1960 cross-gsectional data for the
U.S. where the units of observation (specific population groups) were
SMSA's. The dependent variables were neo-natal and post-neonatal infant
mortality rates, four whites and blacks in the 59 largest SMSA's for which
it was possible to distinguish the independent variable, a surrogate
for reproductive efficiency, for whites and non-whites and a substantial number
of non-whites were blacks. The infant mortality rates were averaged over three
years, 1959 to 1961 and centered on 1960. As the independent variable, the
proxy that was chosen for reproductive efficiency was completed years of
schooling (education) of females in the SMSA's aged 14-44.

There are several good reasons for choosing education as a proxy
for reproductive efficiency as we have defined it., For one thing, several
authors have recently stressed the importance of education in potentially
increasing efficiency in household production.* In particular, Grossman
(1972) has stressed the importance of education in raising the efficiency
with which the health of an Individual can be produced within the household.
It is very likely that such an effect would carry over to the production
of offspring. Moreover, the fact that during the pregnancy the mother's
body is the means of production of the offspring and the mother's health an
important factor in determining the health and survival of the child would
indicate that a variable such as mother's education which is highly
correlated with health, no matter what the direction of causality, could be a
valid instrument for measuring reproductive efficiency.

Along these same lines, 1t might be argued that measured education
is a fairly good index of the amount of investment that has been made since

childhood in an individual and that such an investment may pay off in the

*See for example, Micheal (1972), Becker (1965, 1971), Gronau
(1973, 1974) and Liebowitz (1974) to cite only a few,



replace, particularly by those with low levels of reproductive efficiency
should lead to a reduction in measured infant mortality rates that is
independent of any changes in the underlying distribution of p in the
population, of any changes in the maternal/infant health care system

or even of any changes in c, deaired family size.*

A SBpecific Test

The potential importance in evaluating differences in measured infant
mortality rates of fertility related reactions to different infant mortality
experiences encouraged the further empirical investigation of the
relationship implied in the replacement m .el. Specifically, I attempted
to test the hypothesis that differences in measured infant mortality
rates in a cross sectlon of speclfic population groups would be a function
not only of differences in mean reproductive efficiency among the groups,
but also of differences in the distribution of p within each group as

measured by the momenta of the distribution.

*Similar conclusions have been advanced by Billewicz (1973)
based on a study of the reproductive histories of 4,948 married women
who had their first pregnancies in 1949-54 and who were followed up
until 1964, i.e., for 10 to 15 years. He points out that there appears
to be a pattern of '"selection by success," i.e. those women with
succeasful pregnancies reach completed family eilze earlier and drop out
of the cohort (a pattern suggested by the data in Table 1), leaving a
greater concentration of women with low reproductive efficiency in the
birth cohort, He points out that more effective contraceptive methods
may stimulate this process and that interpretation of vital statistics
during a period of flux caused by the introduction of more effective
contraceptive methods can only be done with great caution. As an example
of the possible confusion resulting from this change in reproducrive
habits, he contrastg the decline in the aggregate perinatal mortality
rate for Scotland between 1968 and 1970 (nearly half of the reduction
is attributable to a shift in the parity distribution of births) with
his estimates of perinatal mortality rates by parity based on his
estimate of increased rates of 'retirement'. His estimated party specific
rates show a large increase in measured perinatal mortality rates for
women having their third and fourth pregnancies presumably because
reduced costs of pregnancy prevention have Increased the drop out
rate of mothers with earlier successes, 1.e., those with higher levels
of reproductive efficiency. This would also tend to suggest that
there is a pure birth order effect leading to a higher loss rate among
previously successful reproducers as parity increases.



production of offspring, either because the mother is healthier herself
or because she is better physically suited to carrying fetuses (see
Stearns (1958) for an argument along these lines.)

A specific benefit which derives from using the distribution of
education of all potentially fecund females as opposed to using a variable
relating specifically to pregnant women is that I hypothesize different
retirement rates based on experience when households tend to replace
and therefore, would expect differences in the distribution of reproductive
efficiency, as measured by the moments of distribution, to be reflected in
differences in the measured loss rate. If the successful at the upper
end of the p distribution retire from child bearing, while the less
fortunate continue, the explanatory variable should measure the relative
importance of these groups in the total underlying population. Therefore
it 1is desireable to use the distribution of education for the entire
population as opposed to the distribution of education for those who
actually had children in those three years, 1959-1961.

The complete digtribution of female education is available in the
1960 Census of Population published in separate volumes for each state
(Table ___ for SMSA's within the State) categorized by '"no education"
and by years of achooling completed, through seventeen or more. The
data are also further broken down by age into four broad age groups:
for our purposes, 14-24, 25-29, 30-34, 35-44; and further categorized
by race, white or non-white. Using this data, the relationship between
measured neonatal and postneonatal mortality rates and the first three
moments of the distribution of potentiaslly fecund females by level of
education was estimated by using OLS regressions. The independent
variables are defined as follows: ED 18 the mean level of female
education in the SMSA, VAR 1s the varlance of the distribution of education

and SK is the measure of the skewedness of the distribution. Since it



is not unlikely that the distribution of years of schooling completed will

be related to the age of the population, all the moments have been standardize
to the mean age diatribution in all sampled SMSA's by the direct method of
standardization.

The results of regressing neonatal and postneonatal mortality rates on
the moments of the distribution of female education are presented in Table
2. Separate regressiongs were estimated for blacks and whites. Of signi-
ficance in this table, primarily since we cannot a priori predict the
expected signs of the coefficients (except perhaps for the mean), is that
it appears that the higher moments have significant explanatory power in
these regressicns as presented. In particular, in the case of neonatal
death rates which have traditionally relatively poorly explained by socio-
economic varlables, of which female education might be considered one, 1t
appears that the addition of the variance and skewedness of female education
for both whites and blacks to the regression equation increases the RZ
substantially - from .07 to .23 for whites and from .03 to .24 for blacks.
In the regressions where post-necnatal death rates are the dependent
variable, although the impact of skewedness does not seem to be significant,
the variance of the distribution not only has a significant coefficilent but
also makes substantial contribution to the RZ2 of the regression.

0f substantial interest is that despite the substantial differences
in mean mortality rates for whites and blacks (see Table 3) the signs of
the coefficients of the moments for whites and blacks are the same for each
age specific mortality rate. That is, the signs of the coefficient of
ED in all cases are positive, for neonatal death rates the signs of the
coefficlient of VR are negative, while for post-neonatal death rates the
signe of the coefficients of VR for both whites and blacks are positive

and for SK the signs of the conefficients for both race groups are positive



Table 2

Regressions of Infant Death Rates on Moments of the Distribution of Female Education,
Ages 14-44, for 59 SMSA's (1960)
(t-statistics reported in parenthesis below coefficient estimates)

Dependent Variable: Neonatal Death Rates1 Dependent Variable: Postnecnatal Death Ratel
White Black White Black

Variable a b c a b ¢ a b c a b c
ED -.91 -1.19 ~.61 -1.12 -3.08 -4.85 -.69 -.33 -.40 -3.32 -2.0% ~1.94
(-2.10) (=2.43) (-1.24) (-1.25) (-3.01) (-3.44) (-2.31) (-~.99) (~1.11) (-6.38) (=3.69) (-2.36)
VR -.14 -.60 ~1.63 ~1,32 .19 .25 1.03 1.00
(-1.19) (-3.20) (-3.48) (-2,67) (2,34 (1.82) (3.86) (3.47)
SK 4.08 B.61 -.51 .71
(3.04) (-1.74) (-.53) (.24)

Constant 27.23 31.36 25.58 39.29 71.93 83.37 12.83 7.38 8.11 4i ., 64 24.10 23.16

2
R 0.07 0.10 0.23 0.03 0.20 0.24 0.09 Q.07 0.17 0.42 0.54 0.54

lper 1,000 live births



Table 3

Means and Standard Deviations
of Dependent and Independent Variables Included in the Regreassion Estimates

o Mhite oo Black
Standard Standarc
Dependent Variables Mean  Deviation _Mean  Deviatio
Nuonatall Mortality Rate* 16.94 1.03 28.20 3.54
Postneonatal? Mortality Rate® 5.02 .72 11.84 2.65
Independent Variables
ED ~ mean education
(years of schooling) 11,28 .30 9.88 .51
VR -~ variance about the mean 6.88 1.22 B8.16 1.09
SK ~ measure of skewedness .60 .19 ~.41 .16
MEDSQ -~ mean education squared 123.72 6.55 98.18 9.98

*Per 1,000 live births
lpeaths occured at ages 0-28 days

2peaths occured at ages 29 daysa-1 year



and close to significance for the neonatal but negative and totally
insignificant for post-neonatal deaths. Since there is substantial
almilariey in the causes of death of whites and blacks in these two age
categories, the finding of some consistency across raclal groups on the
significance and sign reversals of the coefficients of the moments would
tend to support the notion that mothers' education 1s a good surrogate
for reproductive efficiency and that the hypothesized relationship may
be stable for different genetic and socio-economic groups.

An alternative explanation as to why the moments worked relatively
well (particularly the variance as indicated by 1ts explanatory power) in
these relationships 1s that in fact the linear relationstips we have
specificd between the mean education level and the mortality rate is
incorrect and that the true relationship is in fact approximated by a
quadratic or higher order polynomial. Thus, 1f an incomplete quadratic
has been fit to the data, this might substantially increase the explanatory
power of the moments of the distribution. |

Evidence of such a possible relatlionship between a quadratic
function and the moments of the distribution can be seen in the following
set of equations.

Let the infant mortality rate (IM) for an individual be a quadratic

function of maternal education (EDy), 1.e.,

IM; = a + b(EDg) + c(EDy)? (14)
then for an entire population, n,
IM 2
M ﬁz._.l -a+b LEDI cI.(_IE_i_)._ (15)
{n in i n

Now, glven the expression for the variance of EDj

2 2 .
(o3 ED, = z;t'(E,I:i) - (ENH2 (16)

where ED is mean maternal education, and substituting (16)

in (15) yields

L 2
IM = a + bED + CO"!EDi + c(ED) (17)



which is similar to the expression we have fit to our data previousaly
except that the term c(Eﬁ)z is added. This manipulation vields the rather
strong testable hypothesis that if the equation (17) is estimated the
eatimared coefficients ofCIZED and (Eﬁ)z should be identical. TIn order
to investigate whether or not this alternative hypothesis is at least
reascnable and may potentially negate our conclusion regarding the importance
of the moments, regressions on the same sample were run Iincluding the
mean female education squared as well as the moments as independent
variables. These are presented in Table 4,

We notice in Table 4 that the sign of female education squared
is the significant for white neonatal, white post-neonatal and black
neonatal mortality and insignificant for black post-neonatal mortality.
Moreover, the inclusion of education squared changed the sign of the
coefficient on mean education for whites but not blacks. It would appear

2 in all situations where it has a

to have substantially increased the R
significant coefficient. However, our expectation based on {17) that the
coefficients of education squared and varilance should be the same or sfmilar
are not borne out by these regressions and in fact, for three sub-groups
the coefficients are of opposite sign. While this does not provide
adequate grounds for rejecting the hypothesais that the initial specification
was totally inadequate, it would appear that at least the quadratic form as
derived in (17) 1is ruled out as an alternative explanation and there is some
reason to believe that the moments are of value in explaining infant mortality.
In conclusion, we note that if people do tend to replace as hypothesized
in the model, behavior for which there is some empirical evidence,

then measured mortality rates for infants will tend to be related not

only to mean reproductive efficiency but to the entire distribution of



Table &4

Regressions of Infant Death Rates
on Moments of the Distributions of Female Education

and Mean Education Squared,

Apes 14-44, for 59 SMSA's (1960)

Dependent Variable:
Necnatal Death Rate

Dependent Variabl .: 1

Postneonatal Death ute

Variables White Black White Bl.ck
ED ~37.22 36.65 -40.55 3.58
(-2.94)** 2.05)% (~4.96) (.33)
VAR -.53 ~1.08 .33 1.03
(-2.95) (-2.23) (2.85) (3.48)
SK 2.35 ~6. 64 ~2.41 .97
(1.68) (-1.37) (-2.68) (.33)
MEDSQ 1.67 -2.10 1.84 ~.28
(2.89) (-2.33) (4.91) (-.51)
Constant 232.00 -121.40 234.50 -4.11
r2 .33 .31 .43 .54

*Significant at 5% level
**Significant at 1% level

lper 1,000 1ive births

N.B., t-statistic reported in parenthesis below coefficient estimates
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reproductive efficiency and that differences in the propensity to replace
as well as differences in the entire distribution of reproductive
efficiency may potentially influence measured mortality rates even though
mean reproductive efficlency doesn't change nor does the state of provision
of medical care nor other factors such as public health programs that
might be of importance in deterwining infant mortality.

In the next section, we will consider the effect of expanding the
simple model we have presented in this section toc allow expenditures
on pregnancy to be endogenously deterwmined and examine the potential
effect of the experience with prior pregnancies on not only the decision
to have a subsequent pregr ncy, but on the decision as to how much to
expend in attempting to insure the success of the subseguent pregnancy

1f undertaken.
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Chapter IIT A Model of Decision Making on Expenditures per Pregnancy

In the previous chapter, we considered a model of the demand
for children when the outcome of a particular pregnancy is uncertain.
We demonstrated that the demand for surviving children as developed
in the previous model leads to a derived demand for pregnancies and that
given the interaction between pregnancy losses and the desired stock of
children that replacement type behaviour can cause a systematic empirical
relationship to be observed between measured infant mortality rates and
the underlying distribution of reproductive efficlency among different
population groups. We touched briefly on the probable effects of a
history of "good"” or "bad" luck on individual fertility behaviour where
we allowed the individual decisions as to whether to continue to have
children to be the only choice parameter the family faced. 1In this section,
we shall expand the model to allow expenditures on a given pregnancy
to be an endogenous varjiable that the family may manipulate. We will
examine the affects of income, education, experience and wantedness of
the particular child on the expenditure of productive resources and the
probable pregnancy outcome.

Once again we assume a two good utility space where for the individual
family

U = u(C,S) (1)
where C = gurviving children and S = the composite all other goods with
price equal to 1. As previously C 19 a function of n = the number of
pregnancies, however we assume that p = the probability of survival is
a function of given reproductive efficiency RE which varies in the
population but is fixed for the individual (although not known with
certainty) and EX = expenditures on a particular pregnancy for such items as

prenatal care, hospital care, special food etc. Thus
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C = P(RE,EX) *n (2)

whereg% b 4 0,3{1—70=§~%7 0.3-%?0.
In addition to expanding our production function for surviving children

we shall also expand our cost of children specification. Since we are concerned

with expenditures designed to insure the survival of the infant, we will

asgsume that K, the cost of a surviving child is the same for all families

but that the two pregnancy costs EX and FX are variable. EX is variable

expenditures per pregnancy which the family controls to optimize pregnancy

outcome given resource constraints. FX is the fixed cost of a pregnancy and

although it may vary among families (just as RE may) it 1s assumed not

to subject to choice for a specific family. As an example of FX, DeTray (1972) I

pointed out that pregnancy is not costless because there is always some,

perhaps miniscule, risk of maternal mortality. Additional and more substantial

coste would be associated with the time lost by the mother either simply

during the confinement surrounding the birth or in a broader sense

resulting from her decreased productivity either in the home or market

because of the physical stress of pregnancy on her body. For example,

she will probably require more rest, do certain tasks more slowly and

be unable to perform certain very strenuous tasks particularly during

the latter months of the pregnancy periocd. If such fixed cosats result

primarily from net time loss to the mother we would not be surprised

to tind that the fixed cost of pregnancy was higher for mothers whose

price of time was higher.



Using this notation we can partition child aggoclated costs as follows:
Total Cost of Pregnancies = n{EX + FX) (3)
Cost of Surviving Children = p * n * K (%)
We can therefore write the incowme constraint as
Y =S 4+ n(EX + FX) + pnK (s)
Substituting the expressions for C and S from (2) and (5) Into (1) yields
" = U(P(RE,EX)n, Y - n(EX + FX) + pnK) (6)
Taking first partial derivatives of this utility function with respect

to EX and n the two varlables that the family can control yields the

following condition for utility maximization:

*
2-U— = Un 9P - Us(n(l+ _dp K)) (7)
2 EX € dEX j dEX
U
| . B (8)
dEX Uo-UgK
where #U = U. and au = Ug, and
ac AS
Ay JC
. = ¥~ 4+ U
3o chn o [(EX + FX) + pK] (9)
U
—_—8 0= __P (10)
Uo-UsK (EX+FX)

Note that the right hand sides of both (8) and (10) are identical
being the ratio of the marginal utility foregone from consumption of
S (Us} to the net marginal utility of a surviving infant (U.-UgK).
| Combining (8) and (10) ylelds the first order condition for a

maximum that

AP - 2 (11)
& EX (EX+FX)

This implies that utility is maximized by equating the marginal
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product (and hence cost) of the survival function (%i%E) with the

]

average cost of survival. Expenditures beyond this point will cause
the Family to allocate too much of § to the production of children;
this is particularly true as children may be produced more economically
by increasing n, the number of pregnancies.
We can further illustrate the trade off between increasing expenditures
on survival with increasing the number of pregnancies by examining the conditions
for producing a given ¢ = ¢, at minimum cost. As above, let
Total Child Cost = n(EX+FX)+pnK and form the Lagrangian,
W = [n(EX + FX) + pnK} + A(cy-pn). (12)

Now minimize with respect to n and EX yielding

Q¥ - (EX + FX + pK) - Ap) (13)
@n
Lo A = (EX+FX)+pK (14)
P
and,
f¥ . ((n+dP_ nK) -andR.) (15)
QALEX AEX AEX
1+
* A= H_AR%_X_K (16)
- # :
RAEX

Combining (14) and (16} and solving for %%EE yields,

AP . __ P (11a)
AEX (EX+FX)

as above, It is important to note that while the couple is agssumed
free to vary either EX or n in this model to produce optimal ¢, in fact,
the optimal expenditure per pregnancy is independent of n and is solely
a property of the production function p(RE,EX} and perhaps the level

of RE. While one might want to restrict the p function in several



ways, the only requirement for a stable equilibrium is that the average
product of EX has to be greater than the marginal product (ie., AP = p/FX, 1if
Fg = EX «£ 1 the share of variable expenditure in the total cost of a pregnancy
EX+FX
then (1la) requires that ;?B==£'AP for cost minimization). This further
HEX

implies that the production function has to allow for declinlng average product
at the point of equilibrium. While this doesn't imply that marginal product
need decline, the fact that p has an upper bound of 1 (certainly) would seem

to imply that marginal product should alsc be declining for large enough

values of EX.

It should also be noted that the symmetry between cost minimization and
utility maximization goes beyond the finding that the marginal conditions (11)
and (1la) are identical. The complete generality of ¢, in (12) implies that
the resulting minimum cost solution is the same for any desired ¢ and suggests
the following scenario for determining the desired number of children,  the
desired number of pregnancies, and expenditure per pregnancy. Using the marginal
condition (lla) and knowledge of P(RE,EX) and RE, one could solve for optimal p,
p¥*, and associated optimal expenditure per pregnancy, EX*, together these para-
meters determine the total price of a surviving child,

Total Price per Survivor = (Ex* + FX) + p*uk (17)
%
p

Using this price, the families initial endowment and their utility function
one could determine the desired number of children, C* and the desired number

of pregnancies n* - C . Of particular interest would be how these results
p*

would be affected by changes in the exogenous variables, Y, FX, RE and changes



in the production function P(EX,RE). Note, for example, that if RE is a
neutral shift parameter so that p=RE-f{EX) then the marginal condition (11la)
is independent of the level of RE and so therefore is EX*. Thus {or aay
given level of RE, p* would be determined and so would C* and n* as above,

however by definition 3£*>o so that ’_.'_}:_* should also be positive because
2RE 2RE

*
the price of a Burviving child declines as RE increases, the effect on 0

is however undetermined and depends on the trade-off between the increase

in C¥

and the fact that given the increase in p* fewer pregnancies per
survivor are required.

The Production Relationship

Having demonstrated the importance of the marginal condition (11a)
in determining expenditures on pregnancy and pregnancy outcomes and the
symmetry between the cost minimization and utility maximization approach,
we shall now concentrate on a number of exercises in comparative statistics
in an effort to determine the effect of changes in the exogenous variables

on pregnancy expenditures.

In Figures 1 and 2 are shown graphically the.equilibrium condition implied in
(11a). 1In both figures expenditures (EX) are plotted on the X-axis and
average product (AP), marginal product (MP) and ﬁAP (average cost) are

plotted on the Y —axis. In both figures :_)__E=MP>0 but declining(222 CO),
LEX

this is consistent with the notion that since p approaches 1 ag an upper
bound marginal product is likely to fall. Figure 1 fllustrates the standard
text book relationship between average and marginal products: summarized

mathematically as -~ QAP = 1 (O - p) (18)

REX EX AEX EX
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where it 1s assumed that for small values of EX,MP 2> AP so that AP rises,
peaks where AP=MP and falls as MP dips below AP. Also shown is the

funct ion ﬁAP where r’i')_;_[_-?}:(__fl as above. Note that this curve has the same

FX+EX
general shape as the AP curve but always lies below it and that '84“’ -» AP
as EX ~»oo. The Intersection ofﬁAP and MP at e is at the maximum point

on the #AP function and defines EX*, optimal expenditure on pregnancy at

a point where AP has already begun to decline {(as discussed above).

Figure 2 is less restrictive but illustrates a simililar relationship
betweenFAP and EX. Here we only use the necessary condition that AP be
falling at the equilibrium point and the implication that AP ? MP. As
shown on the figure, APD>MP for all values of EX so that both AP and MP

fall as EX dncreases. This is not true forﬂAP however. Note that -~

ABAP = 1 (@ - _p ) 19
AEX EX4+FX aFX EX+FX

and that (19) taken in conjunction with the marginal condition (1la)

implies that ‘EAP‘/" MP for small values of EX rises to 1ts maximum at
ﬂAP=MP, point e',and then falls as MP <)6A]E* Note that as EX = oo, ngP » Al
so that beyond e} ﬂAP lies between MP and AP. Once again the point e',

the point of Intersection, defines EX* and its associated parameters p¥,

C*, and n* under ceterls paribus conditions. Clearly then as seen in Figure
2, we do not require the more reatrictive inverted U-shaped AP function to
obtain a/gAP curve properly shaped to yield the equilibrium conditlon.

Income Effect

Since the clrcumstances graphed in Figure 2 are sufficlent for an

equilibrium and gomewhat more general than the conditions in Figure 1, I

2EX EX EX4+FX

although (18) is negative - this would be particularly likely where EX
was small relative to FX.

*Note tha 2p __P_)( 2P _ P 80 that (19) may be positive
X
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shall use variations of this figure to derive relationship between expendi-
tures and changes in other exogenous variables., Consider first the ecffect
of a change in income, Y on EX®. 1 children are a normal good, %%7 o,
and we would expect the desired number of children, C*, to increase as
income rose. Unless Y enters the calculation of EX*, p* will not change
and the only way that higher income families can increase family size 1s

to increase the desired number of pregnancies n* until a new equilibrium
between 5 and C* is reached. One way around this dilemma is to assume

that 2p >» 0, after all p is a measure of child health and chlld health
Y

as an aspect of child quality might well be related to income as is the quality
of other goods (Grossman, 1973). This argument, while perfectly reasonable, is
an unnecessary assumptien in our xelatively simple model and reduces the power

of the symmetrical production/utility maximization relationship which otherwise
greatly simplifies the model,

An alternative reason for expecting EX* to be positively related to
income can be demonstrated in Figure 3 and involves the consideration of
the relationship between income and FX, fixed cost. .t wags argued above
that the primary component of fixed cost was the loss of mother's time due
to pregnancy. There 1s of course the actual time lost during the birth
and maternal recovery period; however, generally during the prenatal period,
particularly late in pregnancy, even healthy mothers will find that they
tire easily, may require more sleep and may find certain tasks particulary
those requiring strength or agility difficult if not impossible to perform.
Such a reduction in the effective productivity of maternal time, as well as
time actually lost, may be regarded as the fixed time cost of a pregnancy.
It is important to distinguish this time cost from the variable time cost

which may be associated with visits for prenatal care or time spent in classes

in preparation for child birth and child care. Such time expenditures are variable
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and should properly be included in the expenditures (EX) category of
pregnancy costs. Even if the properly defined fixed amount of time

lost is the same {or women of different income levels the cost associlated
with this time loss will not be. Standard results from household production
theory imply that the cost of time is positively correlated with income,
and, hence one would expect fixed costs FX, ceterus paribus, to be positivel
correlated with income and ﬁ (the share of variable cost in total cost) will
be less at each level of EX as income rises. The implications of this line ¢
reasoning are demonstrated in Figure 3. AP and MP are as before, the time
loss assoclated with pregnancy are assumed the same for females at high

{YH) and low (Yp) income levels; however, fixed cost for higher income
mothers 1s higher than for low and correspnndingly'ﬂH < PL (where/BH is

5 for high income mothers.;nuiﬁl_is the B for low income mothers). There-
fore, ﬁL AP lies above ]g“AP and intersects MP at ej to the left of ey the
intersection point for ﬂHAP’ the implication is that EX*p < EX*y and that

expenditures on pregnancy will be positively correlated with income.

This not unexpected prediction is a testable hypothesis generated by
the model rather than being an assumption as in other studies. Morever,
the model implies that marginal and average product will negatively correlate
with income.

The Production Function and Efficiency Effects

Having examined the expected effect of changes in income on pregnancy
expenditures I would now like to examine the effect of differences in RE
(exogenously determined reproductive efficiency) and, differences in the
production function itself on expenditures. Thus far, we have characterized

the production function as having a positive but falling marginmal product,
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falling average product around the equilibrium point and being asymptotic
to p=l1l as EX becomes large. Such a function is shown in Figure 4 and
labeled P,. Note the intercept at E_implies that even if EX were zero
there would still be some possibility of survival, this seems quite likely
glven the positive albeit low infant survival rates observed in extremely

poor countries and of course among primitive populations.

The existence of this positive intercept points out some interesting
problems in defining differences in efficiency among different producers.
Efficiency strictly defined refers to the ratio of total output to total
input,. It is not unusual to observe different firms in the same industry
producing at different levels of efficicncy, with different factor pro-
portions and different levels of output. Differences in efficiency may
be attributed amonpg other things to differences in technologies employed
{(particularly vintage effects), economies or diseconomies of scale or
differences in the level of some otherwise undefined input usually called
entrepreneurial ability. The usual assumption is that differences in
efficiency result from differences in the marginal products of factor
inputs - more efficnent firms use factors better hence output is higher
and so are the marginal products of particular inputs at a given level of
production. Recently, this notion of differences in efficiency in pro-
duction has been applied to the household production model of consumer
demand. So called "environmental" varfables, of which education is the
most widely studied, have been thought to affect the production of commodi-
ties in the home by changing the marginal product of inputs in the
production of household commodities. Micheal (1972) has teated the hypothesis

that such an increase in efficiency in the household acts as though it



augmented family income, increasing the consumption of luxuries and de-
creasing the consumption of necessities among those families with more
edincation at a4 givean incom: level., Grosswan (v92) and Inman (137%) have
extended this notion of increased efficiency resulting from higher levels

of education to the production of health.

Notice in Figure 4, that increases in the marginal product of variable
Inputs are not the only source of increased efficiency, particularly in the
production situation we are considering. Consider a mother whose production
function is represented by Py. Py is derived from Py by merely shifting the
function upward by the amount b-a the differences in the level of output with
zerc variable inputs. The marginal product of EX is the same for all levels
of EX below the level where p approaches 1 asymptotically, EX'. For levels
of EX below EX. the producer on P) is more efficient than the producer using

P, although the marginal product of the input is the same.

Consider now P2, it has the same intercept as P, but a higher marginal
product. In a sense, the advantage of Py relative to P, represents the advantage
accruing to the usually examined environmental variables like entrepreneurial
ability or education. Morecver, 1t is possible to think of intermediate production
functions such as producers with lower intercepts but higher marginal products -
they may be less efficient for some lower levels of EX but more efficient at higher
levels. Production functions such as those graphed in Figure 4 are not
widely used in economics particularly since situations with positive output
with no endogencus inputs or limitations on cutput are rarely encountered.

They do have relevance to the study of production of human capital type

attributes in individuals since both the genetic endowment (a possible
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variant of the Intercept) and asymptotically limited output may be important

in the production of attributes like survival or particular skills. Grossman (1972)
uses an asymptotically coatained production relationship to define the production

of healthy time from the stock of health capital (endogenous variable) in a

given time period (eg., one can be healthy no more than 7 days a week or

365 days a year).

I now would like to consider the probable effects of changes in the
conditions of production on the marginal conditions and the endogenously
determined EX*, p*, etc. As an example, consider the function:

P =1- ae PEX (20)
where p ia probability of survival, FEX expenditures and a (a<1l) and b
positive coefficients which will reflect the different notions of efficiency
which I have discussed. Note that (20) has all the desirable attributes we

have used earlier,

2p = abe PEX = 0 (21)
REX
? W
2 P, = -abZe bEX ¢ o (22)
XEX
and limp = 1 (23)
EX D ne

Note, further than (l1-a) is the level of p when EX=0, Moreover,

AP = l-ae bEX (24)
EX

may either rise and fall with increasing EX (as in Figure 1) or fall for

all levels of Ex (as in Figure 2) depending on the values of the parameters of a and

Referring to Figure 5, consider the effect of a change Iin a on EX*,
The curves MP, and{&APo are presented as the initial condition. They In-

tersect at ey, and the resulting optimal expenditure is EXo. Now suppose
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that a decreases (note that a decrease In a increases the intercept (1l-a)
and shifts the p function upward). A decrease in a will cause thengP
curve,

ﬁAP =1 - ag'bEx (25)
EX+FX

to shifet upward to faAPl. If MP, 1s not affected the new point of
intersection will be at e; and the optimat EK*1'<LEX*0. In other

words, a plain shift upward in the production function which doesn't
change the MP over the relevant range will cause expenditures to decline

*
because the same level of p , the desired level, can be had more cheaply.

Notice with the production function given in (20) marginal product

(21} is also a function of a, in fact

2P = be”PEX M o (26)

This implies that with an decrease in a, MP will fall to a new level H%

and the new interscction , e where MPngApl will be at an even lower level

of EX, EX*,.

We now turn to an analysis of the effect of changes in the slope of
p only, that is changes in b. Referring to Figure 6, once again AP,, MP,,
e, and EX*, reflect the initial conditions. Note:

QMP _ ae"bEX(l_bEx) (2?)

so that the effect of a change in b on MP is ambiguous and depends on

*
the sign of (1-b£X). The problem of determining the effect of a

*Of course, ac PEX is always positive.
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change in b is illustrated in Figure 6. For some value of EX, call

i x, (1-bx) = 0 so that gbﬂ = (0. For values of EX less than x,

Al D
a—:g—* is positive and for values of EX greater thanx, =
hence the MP curve may be said to pivot through the point (X, MP ) to

is negative,

some new position as b changes. 1f x 7 EX*O, then for example after an
increase in b the MP curve will rotate cleckwise around x to a new position at MPy
and the new equilibrium point along/ﬂAPo will be at e; and expenditures will
increase. However, if x <:EX*O, then the new MP, MP;, curve will lie below
the original curve MP at the point where it 1ntersects‘éhPo and the new point
of intersection withPAPo, ei, will be at a lower level of expenditures.

The prediction of the final equilibrium posicion is further complicated
by the shift induced in#AP by a change in b, Since

;l‘%& ,ﬁae—bx 70 (28)

an increase in b will cause?&AP to shift upward to }éﬁpl. An upward shift in PAP
will always tend to reduce expenditures along a given MP curve. Thus in the case
where x-<‘EK*O, the new intersection between {ZAP, and MPi will be at an even lower

*
level of expenditures Exi. Moreover, in the case where x >»EX the result

0’
is truely ambiguous aa the shift in ~fﬂtP to ﬁAPl will tend to reduce expen-
ditures while the shift in MP to MPl will tend touv raise expenditures. The

new equilibrium point, e,, illustrated in the figure, where EX, is greater

2
than EK*D but less than EX; 1s only one of three possible outcomes which
include EX, = EX, or EX; <EX;. Although the succeeding exercise demon-
strates that one can enumerate more possible patterns of functional shifting
that are consistent with a reduction in expenditures, the actual change in

EX induced by a change in b depends on the actual parameter values of a

and b and therefore it 18 not correct to infer that a reduction in expenditures
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is the "more likely" result.*

How may we interpret these results in light of the earlier discussion
of efficiency and particularly ocur concern about gshiftg in RE. It is tempting
to interpret shifts in a (or only the intercept term) as being analogous to
shifts in reproductive efficicancy. This is particularly true because changes
in a may affect p independently of the level of expenditure. Thus a has many
aspects of a pure endowment effect that might be related to the genetic or
biological production state of the mother. With the functional form used as
an example above, a shift in a which raises the intercept will cause marginal
product to decline - perhaps a result not consistent with everyone's notion of
reproductive efficiency; however, given the asymptotic nature of any production

function for p it would seem almost inevitable that an increase in the intercept

*

Michael Grossman has pointed out to me that one can obtain the
same result by implicit differentiation of the optimal condition (11).
Thus, utility is maximized when

Ap._ P __ .
KX~ TEXFFRY par (11)
and substituting for 2p from (21) and forxéhP from (25) yields
FX
-bEX _ 1- -bEX
abe “EXFFX (28a)

or
1 = ae"PEX(14+EXb+FXDb) (28b)

1f we implicitly differentiate (28b) with respect to b remembering that
EX will change as b changes to maintain the optimal peint, we get

dEX _  FX-FX+EXb-EXZb
b (EX+FX)b2
Since the denominator of (28c) is always positive, the sign of 9EX w111
db

(28c)

depend on the sign of the numerator and will be positive, negative or
zero, depending on whether

FX é EXb (FX4EX) (284)

reapectively. Thus, as above, the sign of %EE is indeterminate a
priori, Mcreover, as above, with FX predetermined, the sign depends
on the optimal value of EX that corresponds to a given b and hence on
the actual parameters of the function itself.



would lead to a decrease in the slope as p approached 1.

It is tempting to view b as a measure of an efficilency effect
associated with an environmental variable such as education. This is
because changes in b afitect only the macginal produce of the inputs
rather than the intercept. Also note that,

%p_ = _e~bPEX L (28)

a
so that the impact of changes in a on p depends on the value of b. If

a is regarded loosely as RE, an exogenously given input of biological factors
then the size of the parameter b will determine the marginal product and mix
of inputs in a manner analogous to the general environmental variable dis-
cussed in the literature,

We may conclude with the following predictions from the model:

{1) a change 1in RE, which is essentially incorporated in shifts in
the entire production function, will tend to be negatively correlated with
changes in EX* (note, however, that since the total price per survivor is
also negatively correlated with RE, c* should be positively correlated with
RE as children become cheaper to produce);

{(2) changes in environmental variables such as education, which change
only the marginal product of inputs will have an ambiguous effect on EX*.
Changes assoclated with decline in MP should cause expenditures to fall,
however, if MP rises, the sign of the resulting change in expenditures is
ambiguous. (Note, however, that if upward shifts in MP are to be regarded
as representing increased efficiency, the total price per survivor should
fall under these circumstances, although EX* may increase, this should
also lead to an increase 1in C*.)

Value of Experience

Thus far in our discussion we have treated the decision making process
as though it were beirg determined in a certain world with complete informatio;

In fact, p Is a probabllity and therefore outcomes are uncertain so that a
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natural extention of the model would be to expand it to include expected
utility analysis and a discussion of decision making in this context. W.,
shall not attempt this extension but rely on Ben-Porath's (1973) experience in
this area that such extensions are not likely to lead to significantly more
complete models without subgtantial additional restrictions being placed

on the utility function of the individual family.

Moreover, such an extension is not likely to shed much light on
the sipnificant question as to how expectations are formed and modified
during the family formation process. It is worth noting that while we
have assumed a one period model with decisions on critical variables
being made at the beginning of the family formation period, in
fact, family formation takes place in a substantial time continum
with one pregnancy following another in sequence. During this sequential
process many variables can change, expectations about income, attitudes toward
and the demand for children and expectations about the production function
for children p(RE,EX). 1In particular, in the terminology of the previous
section, families' expectations about both RE and%ﬁ%( might well change
leading them to revise thelr decisions about EX*, p*, c* and n*,

Subatantial work in this area dealing with the effect of exogenous
child attributes on fertility decisioﬁs has been reported in a series of
papers by Welch and Ben-Porath. Although they have been primarily concerned
with the effect of the sex mix of surviving children on family size they
have indicated that an extension of their model to account for other exog-
enously determined attributes such as mortality 1s possible. The extension
of such a model to measure empirically the effect of pregnancy losses on the
decision to have an additional child has been investigated by Williams (1976).

Welch (1974) provides a mathematically detalled sequential decision
model of the effect of prior experience with the sex of offspring on the

decision to have additional children. His conclusion based on what he



feels are reasonable estimates of the relevant parameters 1s thit the
effects of learning (i.e., changing expectations about the sex ratio) are
not dominant. Williams (1976) applies Welch's derivation to the case of
completely exogenously determined mortality but without definite predictions
about measurable parameters. Neither consider the situation which has been
cur concern so far, that is, the effect of expericnce on Ex* - endogenously
determined expenditures during the current and future pregnancies.

Because Welch does provide an argument about the expected effects
of experlence it is worth calling attention to empirical differences 1in the
determination of the sex ratio and infant loss rate. For one thing, I have
argued that the infant loss rate is partially endogenously determined by
family expenditures on pregnancy — historically the sex of the unborn child
has not been subject to parental control. Secondly, the expected values of
the sex ratlo and infant loss rate within the population are of a different
order of magnitude particularly in developed countries: Welch estimates
the sex ratio at about .51 male while recent U.S. data indicate that survival
of offspring during late pregnancy (over 20 weeks gestation) and infancy
(less than 1 year) exceeds .95. Thus, if the family plans 3 pregnancies
the probability that all three will be boys is .125 while the probability that
all three will survive is .857, seven times greater. Moreover, if there is
some desire for balance, as Welch assumes, the probability in 3 pregnancies of
a mix of sexes 1s .75 while the probability of a single loss only iIs .135f If »
adopt the information theory approach to the value of information (i.e., that
the more unlikely an event is the more information its occurrence containg),
then clearly there is more potential information to be gained about the
potential survival of progeny from family experience in this area than

there is to be learnt about potential differences in the sex ratio.

*
Moreover, it is unlikely that there 1s any desire for "balance" between
dead and surviving children as there might be between boys and girls
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Let us now consider the implications of gaining experience about
ctiild survival patterns as children are born. Recall that the original
model we considered was a one period ‘decision model where decisions
were made about EX*, p*, c* and n* at the beginning of the child bearing
period and expected to be held throughout the period of family formation.

* pregnancies there will be

Since p* is a probability & 1, at the end of n
some distribution of gurviving childreu among families whose Initial goals were
all the same. Some families will have achieved C* children, these we will call
the lucky ones, others fewer children with the most unlucky families having no

surviving children. Following Welch, we shall discuss the results of

such a distribution of outcomes as encompassing an income and a learning

(price) effect.

Consider the family for whom aftef n* pregnancies, C = 0, they have
experienced an income loss equal to n*(EX*+FX). And if therc is no
learning (reformulation of expectations) or disutility assoclated with
pregnancy losses, they will be in the same situation as a family starting
at that lower income level. In this rather extreme example, they optimize
again and continue attempting to have children with a new C*' and EX*'
appropriate to their new lower income level. Their loss in the production
of children will not be absorbed totally in the demand for children but
rather spread throughout all consumption. Note, however, that if € is
a normal good (i.e, i_'it > 0 c*’ < c* and if the income effect on
EX* is as we derived e:rlier EX*'<EX*. It does not seem unrcasonable

to expect similar behavior from all families whose attained C is lessg

*
than C - thig in fact is a form of the replacement behavior we discussed
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earlier.”

Conaider now the learning or informational cffect of having experienced
n* pregnancics with something otiher than ¢" success. Clearly we are dealing
with a second type of uncertainty here - that is we have assumed up to this
point that the production function, p = [(RE, EX) and the level of RF
were known with certainty and that the only uncertainty of outcome resulted
from p* being less than 1. In the real world it is very unlikely that
either RE or f(RE,EX) will be known with certalnty and the household
can only form estimates as to their values. The p.urameters of interest
to the household are RE and é%%f and we shali denote their estimate of
these values by’ﬁg and MP. Fortunately, our earlier discussion of the
symmetry between utility maximization and cost minimization as well as
our exercises in comparative statistics regarding these variables will
stand us in good stead in this area.

Firast, we should distinguish betveen loases which convey i{nfornmation
about the production process and losses which do not. Pregnancy losses
due to apparently random events outside of the pregnancy process itseclf
such as accidents or deaths by violence presumably convey little
information about expected ocutcomes resulting from subsequent pregnancies.
Their influence on subsequent pregnancy related declaions will be felt

only as the result of a pure income loss. On the other hand, during a

pregnancy specific inforaation about the pregnancy process and the value of

*Notice, however, that because pregnancies and children occur in
discrete rather than continuous bundles this effect may be muted as C
attained approaches C*. For example, if p* = .9 and C* = 3 then 3.33
pregnancies will be required on average to attain C*. The family may
estimate n* at 3-4 pregnancies judging itself more luck if it takes
only 3 and less lucky but still not unfortunate 1if it takes 4. After
completing 3 pregnancies with 2 survivors it may well continue on to
its fourth pregnancy under its original Bscenario without revising any
of its initilal targetg,



76

inputs and exnected outcowmes may be gained even 1f the resulting infant
survives (e.g., information about potential Rh sensitization resulting

from pregnancy is usually obtained as a result of specific blood typing
of parents during the first pregnancy). Let us consider the

effect of such information on subsequent pregnancy decisions whether or
not an unexpected loss has occurred.

Let us once again consider the case of the household with no success
after n* pregnancies. 1If they do not reevaluate RE and'ﬂ% then they will
reformulate a new decision plan using these same variables and only the
income effect analyzed above will cause a change in ex*'. However, 1if
p* was thought to be high it is unlikely that they will not be tempted
to revise thelr estimate of p* which depended on their estimate of p = f(EX,RE).
They may revise their estimate'ﬁﬁ which we have loosely defined as being
associated with the height of the function or their estimate'ﬁF.*

Let us briefly recall the results of the previous section where we

examined the effects of changes in RE and MP using the function p = 1 - aethx

as an example of the type of functional relationship which might well
relate RE and EX to p. Recall that a change in A which we felt could be
interpreted as being related to biological efficiency (RE) was seen to

be negatively correlated with EX* and that this effect was only reinforced
because of related induced shifts with this function in MP. Recall

also that shifts in b which we interpreted as only effecting MP and

being associated with efficiency in production assoclated with environmental

*We have previously noted that since p = f(EX,RE) is generally
asymptotic to 1, the height and the slope of p will probably be related
for gome large enough value of EX as p approaches the asymptote. However,
we shall continue to analyze these effects separately.



variables were negatively correlated with EX.*

Although we have assumed that the household views p as being
assymptotic to 1 as EX ~3wm, it is conceivable that perceptions as to
differences in reproductive efficiency - particularly biological processes
may be associated with perceived differences in the level of the asymptote.
For instance, 1if p' = ¢ — ae-bx where 0 £&c £,1 then perceived variations
in ¢ would effect expectations as to the level of p attainable with a
given quantity of EX as well as the level of p attainable as EX—pwe

Moreover, c may be regarded as a pure shift parameter, 1i.e.

AP = 1
AL
' . ab::- X so that MP is independent of ¢
AEX
and AP = 1 0
ac EX+FX

With these properties in mind and recalling the analysis of Figure 5,
we should expect ¢ to be negatively correlated with EX®.  Thus couples
who view their bad luck as being evidence nf a lower level production
function due to biclogically determined factors independent of the level
of EX will spend more per pregnancy.

We may summarize the results of experience as follows:

(1) Couples who experience a level of CZ c¢* with expenditure EX®
will experience an income loss effect which will tend to reduce EX*'
and C*' the new targets during the second decision making period.
Depending on the size of the income effect they may decide to continue

n*') n* or cease having additional children.

' .



(2) If couples further experience a learning effect which they
interpret as reflecting a biological reproductive efficiency effect
of the type characterized by changes In a or ¢ as discussed above, they
will tend to increase their target EX* to EX*' to compensate for their
poorer position. Notice that such movement is contrary to the income
effect and the question of which effect dominates becomes largely a
matter of empirical determination. However, a reduction in G'*
associated with such bad experience will tend to increase EX* and this
indicates that the household will view the price of children as having
risen and this will retard fertility, (i.e. c*i( ¢*) in a manner reinforcing
the income effect.

We may now relax one more element of this model and move towards
a more realistic formulation of the fertility related decision making
process. Initially, we assumed a one period model where households
chose the utility maximizing values of EX, ¢, n, and p and stuck to
that decision throughout the period of family formation. In this
section we recognize that since p* is likely to be less than 1, certain

families will not attain c*

after n* pregnancies even though they expend
EX* per pregnancy for these families regardleas of any revisions in
their expectations concerning p*, it is logical to regard them as
being In a situation similar to other families with a reduced income
level and allow them the possibility of trying again (i.e., have pregnancies
beyond n*). Moreover, if they also revise thelr expectations regarding
p = f(RE,EX) this will also effect their decision regarding c*, n*, Ex*
and p*.
It 1s easy to see that we can further relax our assumptions about

when decisions are made and consider a complete sequential decistion



making procedure of a special kind. For example, consider the situation
cited earlier where'ﬁ* = .9 and c* = 3 50 that n* = 3,33 or 3 to 4. After
the first pregnancy most couples will experience a success but some
will have had a failure. 1In particular, they now know that they will
require at least 4 pregnancies to have children and if they regard
the loss as indicating a lower than expected child production potential
this may also effect thelr decisions about future expenditures on children
as well as desired family size. Within the context of our one period
model we may regard such couples ag modifying their behavior to include
possibly new values of EX*, c*, n* and p* as though these new values
would apply to all future pregnancles. Moreover, it is not unlikely
that if p* 1s considerably lower than in our example or c* congsiderably
higher that couples who experlence success may reevaluate theilr position
in light of favorable results after each pregnancy. So long as households
follow the procedure of minimizing the cost of producing the recmaining
children they desire then we need only be concerned with how their experience
alters thelr view of the functions influencing the marginal condition
(9a3) in order to make predictions about EX®. The stock of children
already attained as well as the sequential path of pregnancles which lead
to the current levels of c¢ and 5 will influence decisions ag to whether
to have additional pregnancies but will not influence our predictions
about the effect on expenditures per birth.

Emplrically we may, however, encounter a problem in estimating
the effect of past experience on expenditures on pregnancies in a
cross section of pregnant women. This is a problem which has been

encountered elsewhere in econometrics and is known genericaily as the



censored sample problem. That is there will be a group of women whose
experience with pregnancy will have been so good that they will reach
desired family relatively quickly and drop out of the birch cohort for

them we will not be able to measure the effect of their cumulative good
fortune on EX for they will have ccased having children. On the other

end of the spectrum are those whose experieuce has been so bad that due

to both income and primarily price effects they declde to curtail
fercility: for them too, we have no information about what they would have
spent on an additional pregnancy as they have decided to have no more.

The exact effect of this drop out phenomena on estimation biases is hard

to predict a prilori; however, it 1s worth pondering the implications of
changes 1in outcomes on sequential fertility decisions. Billewicz (1973) using
data from Scotland reports that women who have had a string of unsuccesful
pregnancies tend to quit child bearing after their firat success while
women with a string of successes tend to qult after the first failure.

Both forms of behavior would tend to indicate a significant learning
response to bad outcomes whi;h would be reflected in cessation of child
bearing,

Wantedness

One of the critical assumptions of the model developed thus
far and of most current fertility and child health models 1s the
assumption that children are regarded by the household as a good -
a wanted commodity. Yet there is substantial evidence that infantlcide
‘has been practiced in both past and contemporary societies. Moreover,
it has been observed that infant mortality having reached a plateau
in this country in the early 1950's did not begin to fall rapidly

until the mid 1960's contemporaneously with the introduction of modern

forms of birth contrel. The decline in infant mortality has
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continued and in fact, accelerated since the legalization of abortion
in the early 1970's. This has lead some to argue that the degree of
"wantedness'" ol an infant (pregnancy) may be a significant determinant
of pregnancy outcomes.

A study by Pakter and Nelson (1974) stresses the importance of the
relatively recent introduction of fertility control measurecs in shifting
the distribution of births by maternal age and parity into the more favorable
categorles—-although an explanation for why these categories have traditionally
experienced low Infant loss rates is not given. Fuchs (1974) also notes
the importance of declines in the proportion of births of birth order
four or above (where death rates have traditlonally been greater) in
explaining part of the rapid decline in U.S. infant mortality since 1965.
He attributes this shift to a general improvement in birth control.

He also credits the improvement in birth control technology with presumably
decreasing the proportion of "unwanted'" live births during this same

period and states, "The infant mortality rate for 'unwanted' children

is undoubtedly many times higher than for wanted children."”

On the other hand, in discussing an interview study of mothers
conducted immediately post-partum, Morris, Udry and Chase (1973)
conclude '"that the prevention of unwanted pregnancies will cause no
practical reduction in low birth weight birth rates." Birth weight

is an important index of child health at birth and an important predictor

of infant mortality. 1In addition, a study of births to Swedish women
{(Hultin and Ottossaon, 1971) who had requested and been denied abortions

under a somewhat elective abortion control system showed no reduction in



most indices of infant hcalth at birth and no increcase in the perinatal
mottality *ate-among the group of nresumed "unwanted!' births as compared
with a matched control group of births to women delivering in the same
hospital.*

Unfortunately, a single definition of "unwantedness'" has not been
consistently applied in studies cited. Fuchs seems to imply, using aggregate
data, that higher birth order pregnancies are more likely to be "unwanted"
btut does not elaborate the concept further.** Morris, Udry and Chase
rely on the mother's response to direct question about whether the baby
was wanted prior to conception only after a viable infant has been delivered.

Hultin and Ottosson accept the request for abortion as prima facie evidence of

phkk

"unwantedness, While all of these may be justifiable empirical instruments

for 'wantedness", of primary significance for our investigation is

*Hultin and Ottosson do report a signi{ficantly higher rate of malformations
among the “unwanted"” births but cannot explain the difference.
**A serious reservation about assuming that higher birth order births
are in the aggregate less likely to be "wanted,' results from the fact
that nearly all 1llegitimate births occur as first or second births and
presumably most of these are ''unwanted.'

***Moris, Udry and Chase point out that a problem with measuring
the "unwantedness' of an individual bhirth may result from attempting to
distinguish between not wanting the child ever and a mere timing error
in the spacing of the birth. Although many fertility studies have
assumed that the measure of unwanted fertility that produced the highest
estimate was best, they argue that for purposes of evaluating the health
of the infant the more restrictive definition is appropriate. In fact,
one would want to cxamine the nature of the individually perceived
timing error before making such judgement. Note, that {n the Swedish
study it 1sn't possible to distinguish requests for abortions that
resulted from timing errors or from not ever wanting the child.
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whether "wantedness" can be given a consistent economic definition and
within this context what can we say about its importance in determining
EX and pregnancy outcomes.

Fortunately, "wantecdness' can be given a straightforward economic
definition which is consistent with standard demand theory. Consider
Figure 7, it represents the standard economic demand analysis applied
to the demand for children. The price of a child is plotred on the vertical
axis (all children have the same price) and the quantity of children
on the horizontal. The demand relationship, D between price and quantity
demanded is downward sloping to the right, not because of strict declining
marginal utility of children but because with a fixed income the marginal
rate of substitution [or children in relation to other goods declines
as the number of children increases. 1If the price of a child is Po then
qo children will be desired; once a family has q5 children any additional
child becomes unwanted because it iIs too expensive. At a lower price
more children will be wanted than q, and at a higher price fewer than
qo children are wanted. Notice also that the net loss of an additional
child beyond q, 1s not the price Py but only the area represented by the triang
ABC in the figure which is the difference between what the family would have
been willing to pay ACFE and the actual cost ABFE.

In the context of our model where the expenditure on children and
hence the price is endogencusly determined is somewhat different.

Consider the optimal condition (9) which results from differentiating
u* with respect to n

ay”

vl p(U.—UgK) - Us (EX+FX) (9a)
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the first term represents the expected (probable) net gain in utiliey
from an additional pregnancy, the second term the certain loss as a
result of pregnancy related costs. If this derivative is greater than
zero, an additional pregnancy will be "wanted' in the gsense that the
expected gain will exceed the certain loss. When (%9a) equals 0 as in (9),
we have reached the optimal number of pregnancies and when (%a) is
negative an additional pregnancy {(child) can be said to be unwanted.
We may rewrite (9a) as

P U _;; Us (EX+FX+pK) (30)
and graph the functions and discover the optimal point (Ex*) by their
intersection. Thus in Figure 8, EX is measured on the X-axis and
the two marginal utilities (Uz, Ug) on the Y-axis. plU¢ is plotted
as an lncreasing function of EX, essentially the function f (RE,EX)
multiplied by U, which is assumed constant for any given value of c.
Ug (BX+FX+pK) is also an increasing function of EX and must lie above
pUc beyond the point of intersection EX*, for this optimal condition
to represent a maximum.¥

I1f EX* defines optimal p* then it also defines optimal c¢* and n*,

however once we have reached c* children or n* pregnancies this intersection

can no longer take place at EX*. By definition of unwantedness for the

*Note that & Uy (EXHFXAPL) Uk - Usg(l + % k)

Q‘EX
since S i8 a good Us> 0 and in a two good world one would expect
convexity of the indifference function to require Ugg € 0 so that

Ug (EX+FX+pk) will be positively sloped.
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n*+1st pregnancy, Ug(EX+FX+pk) /> pU. at EX*. This {s because pU; is
defined for c = c*, then at some hicher level of ¢ = c'. UC'AL Uc* because
of declining marginal utility of children thus the pUC' lies below

pUc*. On the other hand even if expenditure on the "unwanted'" pregnancy
were zero, income available to spend on S would decline by {(FX+p(RE,0)k)
so that Uz should rise. Taken together these shifts imply that US'(EX+FX+pk)
will shift upward to the left and that the new intersection point EX'

will be below EX*. Thus we seem to arrfve at the not unexpected result
that families will spend less on unwanted children and that this new
expenditure level Is an attempt to reach a kind of ''second best"

solution given that an additional pregnancy has occurred.

One problem with this solution is that it does violence to our
assumption that all children are treated equally, a basic assumption of
our original model. We have arbitrarily divided pregnancics into two
groups the wanted and unwanted, assuming equal expenditure levels for
all wanted children but lower expenditures for those that are unwanted.
Examination of Figure 7 as well as the argument behind the shifts in
Figure 8 suggest that a further extension of this relaxation of the
equality assumption could lead to declining expenditure per child as
the number of live children in the household increased.

Consider the area pyAG in Filgure 7, this 19 the traditionally
defined consumer surplus accruing to the consumer when pg 1is taken
as given and independent of the quantity he actually consumes. It
is a well established result of demand theory that a monopeolist who
can vary the price as quantity changes can capture this surplus for

himself by lowering price along the D curve as quantity increased.



Since the price of children can be varied by households by varying EX
we should not be surprised to find that in a true sequential decision
model EX* per child fell as the number of live children in the household
rose. The household would continue having pregnancies until even if
they spent nothing additional on a pregnancy (e.g. EX=0) the margin loss
of § would outweigh the expected gain, e.g. until

pU. < Ug(FX+pk)
this would define the true sequential stopping point which could come
at a family size in excess of c* as previously defined. Such an approach
to sequential child expenditure patterning would predict that empirically

expenditures on a given pregnancy would tend to be negatively correlated

with the number of live children in the household prior to the pregnancy.*

*Notice, however, that such a finding would also be consistent with
the "wanted'/"unwanted" child dichotomy.

O
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Chapter yy- The Pregnancy Process: An Empirical Formulation

The ideal data set to test the implications of the proceeding
model of interaction between the demund for children, experienced
survival rates and expenditures on pregnancy would be a form of panel
data which would contain information on expenditures during pregnancy
for a group of women as well as data on thelr reproductive histories
including their experience with prior pregnancies given the level
expenditures in each prior situation. With such a data set, it would be
possible to estimate the effect of prior outcomes, given prior expen-
expenditures, on expenditures during the index pregnancy and also to
investigate the relationship of the experienced efficacy of expenditures
and experienced pregnancy outcomes on the decision to have additional children.
Unfortunately such data sets are not avallable and one has to compromise
between examining survey data that contain information on the reproductive
histories of individual women but little about expenditures on an individual
pregnancy such as the National Fertility Survey and cross sectional data
from birth certificate records which contain prenatal care information
on a cohort of pregnancies in a given year, Williams (1976) has used data
from the National Fertility Survey taken in 1965 to investigate the effect
of experience with prior pregnancies on the decision to continue and have
an additional child. 1In addltion, ghe has investigated completed family size
and mortality rates as determined by prior pregnancy experience and socio-
economic variables as they have been measured in the National Fertility Survey
and variations in birthweight using data from the National Natality Survey
(1964~66). However, the emphasis of the present paper has been twofold.

Although T am interested in questions similar to those investigated by Williams,
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I also want to take account of the fact that in this area, a substantial

number of interesting and potentilally expensive policy decisions rest on

questions involving the efficacy of medical care in producing favorable pregnancy

outcomas. For this reason, I have declided to utilize a data set containing

information on the amount of prenatal care received during a specific pregnancy

and the pregnancy outcome as well as the information about pregnancy history.
The data set that I have used is a sample of birth certificates

from the 1970 New York City birth cohort as recorded by the New York City

Department of Health., There are several advantages to using this data

sourcef For one thing, the number of observations 1s large; although 1T

have decided to restrict the gsample to the first 6 months of 1970 for

reasons which will be explained below, the sample still contains

in excess of 65,000 observations. Secondly, New York City collects more

comprehensive statistics about each birth than most other governmental

bodies: New York City birth certificates contain Information not only

about the birth, but information about parents' ages, their place of birth,

race, parents' education and the reproductive history of the mother. Information

is also available about the amount of medical care utilized during pregnancy,

about the mother's health and finally, about the status of the infant at

birth. In addition, New York City annually links births and death

certificates so that it has been possible for me to create a data set

which contains as units of observation Individual births that survived

*Since this is cross sectional data congisting of a single cohort
of pregnancies, we may have to consider potential problema resulting
from censored sample biases because we will have no observations on
those families whose response behavior was not to proceed with a pregnancy
that would be included in the sample.
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infancy as well as infant deaths with linked death certificates, giving
not only the characteristics of the death, but also identifying, on a
micro-basis, those circumstances of pregnancy that were associated with
the death.

In addition to the information systematically recorded on the birth
certificate, New York City has been divided geographically by the Health
Department into Health Areas and Health Disericts. Using information on
the Health Digtrict of residence of the parents which is available on
the birth certificate, 1 have linked the individual observations with
measures of the geographic availability of facilities such as gynecologists/
obstetricians, premnatal clinies in hospitals and health stations and
the designation of an area for special emphasis maternal and infant/child
care centers. This enables one in a fairly straightforward way to measure
the effect of the availability of facilities on their utilization by

individuals, which is an area of significant policy concern. Moreover,

the use of individual observations tends to minimize simultaneous determination
problems which might arise in such measurements because of the relationship
in more aggregative units of observation between the availability of

facilities and the potential demand for services.

The Pregnancy Process

Ideally, examining individual pregnancies with an eye toward
measuring the Iinteraction of events and medical care would lead to the
estimation of a complex model such as the cone schematized in Figure 1.
This approach emphasizes the fact that pregnancy invelves a production

process that takes place within a given time span and that decisions



Figure 1(IV). FLOW DIAGRAM OF PREGNANCY.
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made during the course of that pregnancy are made partially in reaponse
to the events that occur at various points in the time interval.

As illustrated in Figure 1, various sequences of individual behavior
and medical events are possible., The individual er household, enters
the pregnancy period with a set of expectations about the probable outcome,
an expected demand for care and an expected level of utility resulting from the
pregnancy and the decisions made during the pregnancy period. In the
theoretical model, I have emphasized the relationship of these expected
events to the decision to become pregnant and the '"'wantedness' of the
child. 1In the flow diagram, these expectationc are contained partially
in the box marked conception. However, an actual pregnancy may be
influenced by events which may or may not be foreseen. Such events
will be reflected In subsequent behavior. For instance, prenatal care
can predate a complication or be the result of a behavioral response
to a complication. Similarly, prenatal care may or may not prevent
complications or may or may not be able to deal with complications
that arise. Lastly, even in the absence of prenatal care a successful
pregnancy is entirely possible and certailn complications can be weathered.

In addition, it is important to note that as virtually all women are delivered

by physiclians in hospitals, the success of the birth at the delivery stage
depends on the ability of the medical attendants and the condition of the
infant at birth (which is the result of decisions made earlier in the
pregnancy and presumably a large random element). It is probably only after

the infant and mother are released from the hoapital that the familial environm
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again begins to play a significant role in child health.*
Anocther point illustrated by the flow diagram is that attempty
to study thes problem by concentrating on the pregnancies which resulted
in live births may lead to biased conclusionsg. In fact, in order to
adequately measure the demand for care and a healthy child as well as
the production function of a healthy child, one would have to study
all pregnancies Including those which end in fetal deaths sowewhere
along the line. This peints up the importance of getrting accurate
information recorded about fetal deaths. Although accurate information
is generally not available for early fetal deaths {miscarriages),
an attempt was made to integrate observations on late fetal deaths
(stillbirths) into the data base., Unfortunately, 1970 was the year
when abortion was legalized in New York State. Legalization took placce
as of July 1lst of that vear. The city was not equlpped to diffecrentiate
in its vital statistics for that year between elective abortions and spontaneous
fetal deaths. They were recorded on the same forms and maintained on the same
data tape files. Not only did this cloud the issue in distinguishing between
the two events but it also may have encouraged the under-reporting of data items

concerning the parents and the mother's reproductive history on the certificates

*It is not surprising that attempts to estimate the effect of

maternal socio-economic factors on infant mortality have generally not
been successful when birthweight is included as an independent variable

(see Shah and Abbey [1971) as a recent example). Birthwelght is an
indicator of the quality of the child at birth and hence should be a
function of these maternal factors. Survival of low quality infants
depends critically on events during the first days of 1ife where I

would expect variations in the amount and quality of pediatric neonatal
care to be the determining factors although there will he a large random
element. Whether these factors should be related to such maternal factors
as age, parity or even social class 18 not clear.



for spontaneous fetal deaths. This was because in order to assure
confidentiality of abortion information little information was required
or collected for abortion patients.* Moreover, abortion was only
legalized up to the 20th week of pregnancy - a date many thought was
arbitrary. This may have lead some physicians to under-report gestation
age on some elective abortions and/or report late elective abortions
as being spontaneous fetal deaths.**

The primary problem I have encountered in ;;tempting to formulate
an empirical equatlon system around this time-flow approach is that
while the events for each pregnancy have had a definite chronology, they
are frequently reported without regard to that chronology. Thus, for example,
certain information concerning the health status of the mother is recorded

under the general title of "Conditions Present During Pregnancy,” with

no indication as to whether they predated the actual conception, predated
the begining of prenatal care or resulted in changes in the type of care
received. On the other hand it is possible to date certain events,

such as a neonatal death, because they only could have happened at a

certain time.

*This has become an issue of some concern in the medical community.
Many are concerned about the effect of repeated abortions on fertility,
fecundity and even the health of the female. While much has been made of
the side effects associated with oral contraceptives and IUD's, little infor-~
mation has been avallable concerning the relative risks of nultiple elective
abortlons, particularly were it to become the dominant form of birth control.

**There has always been a strong feeling that many "elective"
abortions were performed by qualified medical personnel prior to the
legalization of abortion and that these were recorded as spontaneous
fetal deaths with little other Information. Evidence that liberalization
of abortion restrictions anticipated the legal date for the easing of
restrictiona, can be found in the fact that the spontaneous fetal death
rate for the first six months of 1970 rose significantly above the level
of 1969, reversing a moderate downtrend of several years duration.



The ability to establish the actual chronology of events in a
complex system such as that depicted Iin Figure 1 is8 vital in estimating
the system, With only a limited number of potential exogenous variables
and many éndogenous varlables of interest, some information on the order
of events allows parts of the system to be cast in a recursive frame-
work. 1In a recursive framework, events which occur earlier 1in a
time sequence, although endogenous within the vntire system, may be
regarded as pre-determined in ldentifying and estimating relationships
to explain subsequent behavior.* Thus, it is valid to include as a
pre~determined variable the amount of prenatal care & mother actually
received in estimating a function for infant survival since by definition
all prenatal care predated the birth and therefore the potential
causality runs only from prenatal care to survival. On the other hand,
it is difficult to determine whether such pregnancy complications as
vaginal bleeding or elevated maternal blood pressure predated the
initiation of prenatal care or increased the utilization of medical
care; hence, it is not poassible, with the limited data avallable to

identify equations for these different events.

*In a fully recursive system, a sequence of endogenous variables
might be represented by a causal chain without any feedback, e.g.,

a~p b-pc

Knowledge of the sequence may be used to identify equations for a, b,
and ¢ as for example a will appear as a predetermined variable in the
equations for b and ¢ but neither b nor ¢ in the equation for a.
Moreover, if the disturbances in the equation for b are uncorrelated
with a and the disturbances for ¢ uncorrelated with a and b, then it
can be shown that the application of ordinary least-squares estimation
to the equation for each variable yilelds maximum-likelihcod estimates
{Johnston, 1972).



Because of the difficulties encountered in attempting to estimate
a system corresponding to all of the possible contingencies implicit
in Figure 1, a simpler system was formulated. This approach 1is schemnatized
in Figure 2, It still takes into account the sequential nature of
decisions and outcomes In the pregnancy process but has collapsed them
into processes which can be identified and estimated with the available
data. In addition, 1t has the added value of relating the empirical
formulation much more closely to the necessarily simplified theoretical
model considered earlier. Unlike the theoretical model, however, our
meagurement of expenditures on pregnancy is narrowed to measuring the
demand for and utilization of prenatal care. This is not because other
endogenous inputs such as nutrition or cigarette smoking are not considered

important, but rather because as in so many other health studies information

on these other inputs are not available. However, the restriction to using
prenatal care as a proay for most pregnancy expenditures (inputs) need not
be viewed solely in a negative light. For one thing, prenatal care is one
of the few inputs that produces health (both maternal and infant) only
during the pregnancy period. Life style factors such as proper diet, adequat
sanitary conditions and cigarette smoking affect individual health whether
pregnant or not. However, to the extent that the prenatal care process
educates mothers and encourages modifications in their life sytle favorable
to health, it may have a significant effect on the pregnancy production
process which operates through these other inputs. Moreover, it 1is

important to recall that prenatal medical care and its extension to
pre-pregnancy, post-partum, and family planning services have been the
primary policy instruments advocated in the attempt to reduce infant
mortality levels in the U.S. The Institute of Medicine Study, the establish-

ment of Maternal and Infant Care projects, the establishment of Neonatal
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Figure 2(IV). The Pregnancy/Prenatal Care Process
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Intensive Care Units, and the recently voiced concern about the adequacy
of existing health insurance plans to encourage adequate prenatal care
(Muller, et al., 1975) all seem to indicate that the emphasis is and

will probably continue to be on 1increasing health services utilization

in order to reduce infant mortality.

The Structural Equations

The structural equations of the model, as represented in Figure 2,
fall into four categories: the demand for prenatal care, the amount of
prenatal care utilized, the condition of the infant at birth and survival
of the infant during the first year of life. The system relies on the
identifiable sequential nature of specific events to give meaning to
individual relationships. Thus demand for care is measured by the interval
between the last menstrual period and the first prenatal visit (INTERVAL);
the amount of care by the number of visits (NUMVISIT) given the timing
of the first visit; the condition of the infant at birth is measured by
birth weight (WGHT) given the amount of care and timing of the first
viait; and survival depends on the conditlion of the infant at birth, the

amount and timing of prenatal care and immediate neonatal care inputs.

Demand for Care Equations

Let us now consider the demand for prenatal medical care. If

medical care were a normal goods following traditional demand theory we

might formulate the demand for care as
Dmc - d(P'YgT) (1)
where P = price, Y = income and T is a vector of variables representing

tastes. We have already noted, however, that the demand for prenatal



care is a derived demand as for a factor of production and that the
ultimate demand is the demand for surviving children. The demand for a
factor of production would depend on 1ts price (P), the value of

its marginal product (VMP), and the desired level of output (QUTPUT).

Dpe = d(P, VMP, OUTPUT) (2)
However, in the household production context the desired level of output
depends on viriables such as income and tastes as well as the shadow
prices of commodities produced and hence on the parameters of the production
process and the price of factor inputs.

In the context of the model developed earlier concerming the demand
for endogenous expenditures on pregnancy as well as the realization
that prenatal care 1is among the most pregnancy oriented traditional
commodities consumed, we shall collapse the relationships (1) and (2)
into the following

D_. = d(P

mc mc* Po' Y, RE, C, E)

where Pp. = price of medical care, P, = price of other inputs, Y = income,
C = current stock of live children and RE = reproductive efficiency. E
represents environmental varlables which directly effect the efficiency
of production while not being consumed in the production process.

Let us consider the expected effect of each varfable in turn.

Although we have not considered price explicitly in the model, we have

defined EX (expenditures on pregnancy) and S (the composite other good)

in such a way that changes in EX effect the residual amount of 5 availlable .
to satisfy other wants. If we consider therefore a standardized unit

of medical care having an associated marginal product, the higher the

price (the more EX per unit) the less will be the effective amount

of p {probability of survival) purchasable for a given EX and hence the lower
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é%ﬁz , a3 we have seen previously this will lead to a reduction in the
amount spent on p. Moreover, if Ppe increases relative to the price of
other standardized inputs purchasable under the umbrella commodity EX,
we should not be surprised to find the effective reduction in medical care
(mc) magnified. Similarly, we should not be surprised to find the amount
of prenatal medical care (mc) demanded negatively correlated with the price
of the other possible Inputs in the production of a sucessful pregnancy.*
In Chapter 3, I have argued that Y effects the demand for Inputs
during pregnancy primarily through its effect on the fixed cost associlated
with pregnancy. Y will tend to increase the demand for inputs. Whether
or not Y will be correlated with the demand for medical care depends not
only on this result but the relative time intensity associated with
utilization of medical care and other inputs. However, presumably one
of the purposes of prenatal care which I have not directly touched on in
the thecretical model is to malntain the health of the mother during and
after pregnancy. In the sense 1in which the demand for maternal health
is related to the value of time lost due to illness (Groasman, 1972)
and this in turn is & function of Y, we would expect an additional

positive income effect.

*The ease of factor substitution in production 1is defined by the
so-called elasticity of substitution. The elasticity would measure the
extent to which a firm moves along a given 1isoquant as relative factor
prices change. The pregnancy situation we are investigating is different
from the classic firm situation in 2 fundamental ways: (1) maximum
output reaches a limit as p~p»1l and therefore marginal products may
fall to zero (or even become negative) at high levels of output and (2)
joint product relationships abound (e.g., good nutrition produces
maternal health as well as infant health) therefore many inputs may be
utilized at the level of zero marginal product in the production of p
because they have positive products in the production of other commodities.
In such situations, observed substitutions may reflect substitutions in
the production of commodities other than infant health and responses
in the infant health sector may be largely unpredictable.
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Reproductive efficlency (RE} has two components which we have noted
may have opposite effects on the demand for inputs generally and by
extension on the demand for wedical care. To the extent to which reproductive
efficiency has a pure endowment effect (a pure shift in the production
function), it should be negatively correlated with medical care. On the
other hand, to the extent to which it is reflected in increases in the
marginal products of an input, it should increase demand for those lnputs
whose marginal products are most augmented. In this fashion, its effect
is no different than the effect of "so-called” environmental variables,
except that its impact will be limited to the sphere of the production
of progeny.*

Lastly, consider €. 1In the somewhat simplistic one-period decision
model, c* (desired family size) is determined by the cost of production
and hence might not be thought to enter the function of the demand for
factor input. If, however, we are operating in the sequential extension
of that wodel and C represents live children already in the household,

a different interpretation is possible. In this case D . may be interpreted
not as the demand for medical care which will be the same for all
pregnancies but the demand for care during a specific pregnancy. In such

a formulation, the level of C has many implications. For one thing,

with sequential optimization, expenditures per pregnancy may decline as

the family reaches 1its goal stock of children -~ a situation similar to
moving downward along a demand curve as pictured in Figure 7 of Chapter

3. Moreover, even if we aren't willing to adopt a full sequential

framework with the implication of variable expenditures per pregnancy,

*This is not altogether true. Familles who are relatively efficient
producers of children may act as though this good fortune augmented their
effective full income. 1In this way, RE may influence consumption of other

goods. (For a full discussion of environmental variables in this context,
see Michael (1972)).



empirically, if we are willing divide conceptions into "wanted" and
"unwanted" categories then the larger is C already the more likely

it is that the conception 1is "unwanted" in the economic sense that I have
deiined. Thus, the implication is that C will be negatively correlated
with expenditures on medical care and presumably other inputs.*

Cuonsider two other possible effects of the level of C on the

demand for care, For one thing, C may be related to the shadow prices
of time and other inputs into the production process. Hence, there may
be economies of scale associated with the preparation of nourishing
meals as famlly size increases. Older children's time may substitute
for the mother's in the production of other household commodities during
the pregnancy period. The presence of young children may increase the
cost of prenatal visits 1f baby sitters are required. The expected effect
of these shifts while frequently predictable for individual situations
cannot usually be determined in the aggregate for most families and are
not identlfiable in the data set we shall use to estimate the model.

If we hold the number of pregnancies constant in a cross section,

then the level of C will reflect past experience with pregnancy and
possibly information about individual reproductive efficlency. As
discussed previously this may have both an income and a price effect.

The net effect is somewhat ambipguous. Ceterlis paribus, increasing levels

of C may have an income effect which encourages increases in expenditures on

*
The problem with assuming that live birth order may be a proxy for
the degree of "wantedness' has been discussed earlier (2nd footmnote, pg. 1IT-26).
In that footnote, the fact that most illegitimate blrths occur at low
birth orders and are presumably unwanted was cited as a limitation on the
use of birth order as an Instrument for 'wantedness'. While this may be
true for agprepate data, in micro-data.sets, such as the N.Y.C. saumple
used in this study, it is possible to distinguish legitimate from
illegitimate births and hence the interpretation of the birth order variable
presented abuve may have more validity,
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subsequent pregnancies and a reproductive efficiency effect which discourages
such Increases - only if the reproductive efficiency effect 1s interpreted
largely as representing increases in the marginal product of factors
will the two effects reinforce each ather.
In the data, prenatal care may be measured by number of prenatal
visits (NUMVISITS) and interval from the last menstrual period to the
first prenatal visit {(INTERVAL). While not strictly a traditional
demand measure, INTERVAL has several important attributes which
make its investigation of interest, First, fir is more or less accepted

medical wisdom that early care is good or preferred care - that definite

beneflts can be derived from early monitoring of pregnancy and that specific
risks can be identified early and as a consequence treated more effectively.
Second, chances are good that the earlier prenatal care is initiated the
more visits will be consumed. This is because there is an established
protocal for scheduling prenatal visits during the course of even a normal
pregnancy. Of course, individual mothers may violate this protocal,
presumably without their physician's blessing, so the relationship between
INTERVAL and NUMVISIT is hardly an identity.*

An aspect of this proxy demand variable that makes it of particular
interest is that the interval 1is largely determined by the mother based
on her consideration of her needs and wants. Once she enters the prenatal
care process, decisions on the amount and type of care necessary will
jointly be determined by the mother and her physician. The physician’s
interpretation of the care required by the maternal condition as well

ag the mother's evaluation of the information supplied by the physician

*One possible pattern is to seck early confirmation from a physician
that the mother is indeed pregnant and then delay subsequent visits until
late in the pregniancy 1f the mother percecives the pregnancy as being
otherwise uneventful.
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Table 1 (IV)

Definition of Variables

Variable Nane

Definition

INTERVAL

INTER1

INTER2

INTER3]

INTER(350)

INTER(350)2

NUMVISIT

NOVISIT

WGHT
WGHTSQ
AGEMOTH
AGEMSQ
EDMOTH
EDFATH

LECGIT

RACEN

Interval measured in days between date of mother's
last menstrual period and the date of her first
prenatal care visit

Dummy variable that equals one if INTERVAL 1is
greater than zero (i.e., if there is at lecast one
visit)

Dummy variable that equals one if INTERVAL is greater

than 90 days

Dummy variable that equals one if INTERVAL is greater

than 180 days

A transformation of the INTERVAL variable:
(1) Equals (350-INTERVAL) if INTERVAL> 0O
(2) Equals O if interval equals zero

Dummy variable that equals one if INTER(350)
is less than 210 days

Number of prenatal care visits

Dummy variable that equals one 1f mother had no
prenatal care visits

Birth weight in grams

Birth weight in thousands of grama squared
Mother's age in years

Mother's age in years squared

Years of formal schooling completed by mother
Years of formal schooling completed by father

Dummy variable that equals one if the child was
born in wed-lock

Dummy variable that equals one 1if the child 1is of
Negro race (1f either parent is Negro the child is
coded as Negro)
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Table 1 (1V)

Definition of Variables Cont'd.

Variable Name

Definition

F(-{MOTH

PRMOTH

CHILDLIV

TOTLOSS

TBO

ZLOSS

FIRST

LAST

MIC

CLINIC

OB/GYN

ICU

Dummy varlable that equals one if the mother was
born outside the U.S. and its possessions

Dummy variable that equals one if the mother was
born in Puerto Rico

Number of prevuous children born alive to mothe-
still living at time of indexed birth

Sum of number of previous childrem born alive, now
dead and previous fetal deaths at all gestation ages

Total pregnancy order not including current Firth
{i.e., TRBO = CHILDLIV + TQTLOSS)

Per cent of previous pregnancies not surviving to
date of current pregnancy (i.e. %LOSS = TOTLOSS/TBO

Dummy wvariable that equals one if this {s first
pregnancy

Dummy variable equals one if previous pregnancy
ended in a fetal death

Dummy variable equals one if mother resides in
geographically defined health district which had
an active Maternal and Infant Care Proiject health
facility in 1970

Number of hours per week per hundred pregnancles
of prenatal clinic time in all (municipal, voluntary,
and MIC projects) facilities

Number of obstetrician/gynecologists per hundred
pregnancies (in private practice) in the health
district where the mother resides

Dummy variable equals one if hospital of birth had
a nconatal intensive care unit
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will be important factors in determining NUMVISITS.* In fact, the

existence of a protucol which the physician will attempt to encourage
the wother to follow will only reiniorce this inter-relativaship.
The primary functions estimated for INTERVAL and NUMVISIT are
INTERVAL = f (AGEMOTH,AGEMSQ,EDMOTH, EDFATH,LEGIT,RACEN, FORMOTH,PRMOTH,
CHILDLIV,TBO,%LOSS,FIRST,LAST,CLINIC,OB/GYN,NIC) (&)
and
NUMVISIT = g{AGEMOTH,AGEMS,EDMOTH,EDFATH, LEGIT,RACEN, FORMOTH,PRMOTH,
CHILDL1V,TBO,7L0OSS,FIRST, LAST,CI.INTC,0B/GYN ,MLC, INTERVAL,
INTER2, INTER3) (5)
where the variables are defined in Table 1.

The rational behind the inclusion of these variables and their
expected effect on demand are as follows:

(1) AGEMOTH,AGEMSQ - A nonlinear statistical relationship has been consisten
observed between maternal age and reproductlve loss (Nortman (1974)). If
mothers are aware of the implied biological causality from age te loss,
they should seek care accordingly. On the other hand, if prenatal care
is significant Iin reducing losses and there is a nonlinear relationship

between demand for care and age then the afore mentioned relationship

*To a large extent, particularly in the vast majority of uneventful
pregnancies, prenatal care 1s a monltoring process. At periodic intervals
the mother’'s weight, blood pressure and urine are monitored primarily ’
to check for toxemia of pregnancy, a condition potentially fatal for the
mother as well as the fetus. During prenatal visits, the progress of the
pregnancy, particularly fetal growth, is evaluated and the mother should
be counciled on self-care at home. Nutritional guldance and usually a
vitamin supplement is supplied and the mother should be alerted to the
potential danger during pregnancy of smoking, indiscrimilnate use of
drugs, and certain strenuous exercise. The patlent should be alerted
to monitor between visgita: excessive vomiting, vaginal bleeding, persistent
headaches, visual disturbance, excessive weight gain, and drainage of
amniotic fluid. Since the accepted medical protocol recommends éonthly
prenatal visits during the first six months of pregnancy, this self-

monitoring may be an important factor in the efficient utilization of
prenatal medical care.
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between outcomes and age will be observed.

{2) EDMOTH ~ Interpreted as a general environmental variable as
in other health studics: as such it should be positively related to care
demanded.

(3) EDFATH - Primarily serves as a proxy for permanent income of the
family as such should be positively correlated with care demanded.

(4) LEGIT - If legitimate children are more desired than illegitimate

child, should be positively corrclated with care demanded.

(5) RACEN, FORMOTH, PRMOTH - Reflect particular differences within
the population which may either be environmental, genetic or socio-economic.
Of particular interest is the consistently reported finding that blacks
have higher infant loss rates than whites. Once again, included in an
attenpt to distingulsh between differences {n demand which ultimately
effect outcomes and biologically determined differcences in reproductive
efficiency,

(6) CHILDLIV, TBO, %LOSS, FIRST, LAST - A group of experience variables
measuring not only the extent of experlence with pregnancy (TBO), but
the nature of that experience. Also takes into account stock of surviving
children (CHILDLIV) as in the sequential context.

(7) CLINIC, OB/GYN, MIC - Measures of the relative availability of
care. As there are no other price variables available for this sample
these serve at least partially to reflect the effect of presumed differences
In time and access costs on demand. Of particular interest is the effect
of an MIC project on the demand for services.

(8) INTERVAL, INTER2, INTER3 - An attempt to measure and control

for the effect of the protocol on the number of visits demanded. Nonlinear
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terms are introduced because the protocol is nonlinear, i.e., during

the first and second trimester (90-day period) of pregnancy one visit

a month is recommended; in the third trimester, a visit every two weeks
is recommended during the first two months and a weekly visit thereafter
unttil delivery.

The inclusion of the INTERVAL variables in the NIMVISIT function
takes account of the sequential nature of decisions during the pregnancy
period. Because of the specific sequential nature of this process one
can ask the guestion What is the nature of the determination of the amount
of prenatal care demanded as a result of the patient-physician interaction
glven the patient's initial decision on when to seek care? Moreover,
because of the presumed sequential causality running from INTERVAL to
NUMVISITS, this part of the system may he regarded as recursive and
therefore OLS estimation techniques may be employcd.*

Outcome Measures

Two outcome measures are Investigated as resulting from the
pregnancy production process, birth weight and infant survival. Although
most of the previous discussion has been couched in terms of infant survival
as the desired outcome, the weight of the infant at birth has special
attraction as an outcome measure. Birth weight 1s the most important
single indicator of the condition of the infant at birth. Birth weight
is a strong predictor of infant survival. So strong that in many studies,
when birth weight 1s included as an independent variable, no other significant
predictors of infant death have been determined (Shah and Abbey, 1972);

Kessner, 1372).

*See footuote page IV-7,
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Birth weight captures two aspects of the pregnancy process 1. one
measurce, For one thing, it is an index of maturity. Durlag the pregnancy
period, the fetus grows and develops Trom o single tertilized epy futo
a complex organism designed to cope independently with an often hostile
environment. This development and maturation takes time - the gestatilon
period. Infants born too early will not have developed the necessary
body systems to deal effectively with their new environment and may thus be
unable to survive or only able to survive with their impaired autonomous
functions artificially supported. During the period of gestation the infaat
is also growing in size, gaining weight. There is a strong, stable relationship
between the length of gestation period, gestation age, and birth weight.
So~called intrauterine growth curves have been developed to represent the
functional relationship between birth weight and gestation age (Williams, 1974).
Recent evidence has accrued to indicate, however, that birth weight is
more than just a surrogate for gestation age. Using a large sample of
California births (1.5 million), Williams has demonstrated that when c¢ither
birth weight or gestation age is Included in a sophisticated logit
function to estimate their adjusted effects on survival, birth welght is
by far the stronger variable, explaining 93 per cent of the variation
compared with 54 per cent for gegtation age. TInfants who are born prematurely,
by gestation age criteria, but who are of adequate or above average birth
weight are much more likely to survive than infants born at term but at
low birth weights.
Another reason for preferring birth weight over gestation age as
an index of infant health at birth is that it 1is much more accurately

measured. Birthk weight 1s determined simply by weighing the infant at
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birth. Gestation age is typlcally determined (in both my New York

City sample and Williams' California sample) by the time interval
between the date ol the mother's last nmenastrual period and the date

of delivery. Clearly, if the data of the last menstrual period is only
recorded at birth or at a prenatal visit near the birth date, there is
consliderable room for recall error. Only the month may be recalled

or a recording error may enter the reported data 1f the calendar year
has changed between conception and birth.*

Another problem in using gestation age is that a substuantial proportion
of concepticns occur prior to marriage. Since mothers are [requently
reluctant to report this fact, they will tend to report the date for
their last menstrual perlod as occurring after their marriage. This
problem is so pervasive that 1t has become standard procedure in
calculating intrauterine growth curves to disregard births at high weights
for very short gestation periods as resulting from this sort of reporting
error. At the other end of the gestation age spectrum are the very high
ages that are reported for women who presumably missed several menstrual
periods prior to actually conceiving. Although much smaller in number
than the number of births at low gestation age, they do present a
problem in interpretation.

Although prematurity whether measured by shortened gestation ages
or low birth welght are .oth associated with substantially increased

risk of infant mortality, follow-up studies have alsc indicated an

*See the discussion of the data editing techniques employed for
an indication of the subatantial errors of several years or decades
encountered in using calculated intervals in the New York sample.
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association between prematurity and reduced physical development and
intellectual achievement at older apges of childhood. Recent research
has pointed ocut a particular association between being a so-called "low
birth weight for gestation age' infant and having learning deficiencies
measured many years later in elementary and even junlor high schools. These
findings have lead many resecarchers to speak of such infants' development
as being seriously compromised by prenatal "undernutrition", "malnutrition"
or "fetal deprivation". However, there does not scem to be any conclusive
aevidence that increasing the nutritional intake of mothers of such infants
during pregnancy would significantly correct this situation.™

Although there have been many studies of medical and socio-economic
correlates of birth weight, none has used a production format such as 1
have employed in this paper. Hence, 1t is difficult to specify a
traditional production function. This is particularly true as fetal
growth in utero 1s a bioclogical process which cannot be observed and

*Note, it is possible that many mothers of such infants are unable
physiologically to deliver adequate nutrients to their fetuses 1n utero
regardless of the maternal intake of nutrients. Such mothers might be
regarded as having a reduced level of reproductive efficiency which may
act to diminish the marginal product associated with the pregnancy input
food.

It is conceivable that birth weight may be partially genetically
determined. It has long been noted that black intrauterine growth
curves are lower than those for whites. While one might be tempted to
agsoclate this finding with environmental deprivation during pregnancy,
there is also substantial evidence that black infants at low birth welight
have substantially lower infant mortality rates than comparable white
infants. Hence, one is tempted to speculate that part of the apparent
difference in intrauterine growth between the races may be genetically
determined and that black infants of moderately low birth weight may be

more '"'mature’ than whites of similar birth welght.
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except for animal experiments, it is socially unexceptable to experiment
with outcomes by varying inputs except b specific supplementation,

[t apprars to be possible to only identify three endojcudusly
determined inputs: prenatal care, maternal nutrition and scveral other
maternal habits during pregnancy. Of these other maternal habits, smoking
during pregnancy has been identified as the habit resulting in reduced birth
welght which is most widely practiced. Although there is some evidence that
certain drugs may have a deleterious effect on pregnancy outcome, no drug
in general use has specifically been assoclated with low birth weight.

The mechanism by which prenatal care may affect birth weight is
not very clear. Part of the prenatal care process should be to provide
the mother with information on the hazards of smoking and the value of
proper nutrition - not infrequently a supplemental prenatal vitamin
pill may be prescribed. To the extent ro which this information has
value and the mothcer follows instructions, this aspect of the prenatal
care process should beneficially affect birth weight. A second mechanism by
which prenatal care may increase birth weight would be Ly increasing gestation
age. Specific therapeutic procedures may be effectlve in certain cases
in prolonging the gestation perlod and thus give the fetus more time
to maturce and grow. It is important to realize that routine prenatal
care is primarily a monitoring procedure. Normal as well as high risk
abnormal pregnancies may be monitored. Moreover, as Chard (1974) notes,

"The value of the screening procedure is totally dependent on

the efficacy of the treatment to which it lcads. The litera-

ture on obstetric management is notably bereft of controlled

trials, and it is almost impossible to guarantee the sclientific

validity of any of the well-known measures,..Concrete evidence

for the value of many aspects of routine antenatal care is,
surprisingly, lacking..."”



1S

However, despite the validity of Chard's general observation, there are
several very good reasons for including measures of the extent of prenatal
care in a producticen {function for birthweight. First, we have the data to
measure the aggregate effects of prenatal care on birthweight in a large
sample and perhaps shed some light on the value of such care as typically
practiced. Second, this measurement is important as prenatal and perinatal
care arce two areas of major policy concentration on this area. And lastly,
prenatal care is the only measure of endogenously determined pregnancy
gspecific inputs present in the data set avallable for this study and in
most other large data sets. As input measures, prenatal care is quantiflable
by both the number of visits (NUMVISIT) and the interval to the first visit
(INTLERVAL). Both measure aspects of care that have been stressed in the
medical literature as being important components of healthy pregnancies.
Unfortunately, neither measures of maternal nutrition nor health
related habits such as smoking, are reported in the data. Several proxies
are available, primarily the education of both parents. EDFATH may be
viewed as a proxy for permanent family income. [t seems reasonable to
expect that if nutrition is a normal good, it should be positively
correlated with income. Two aspects of nutrition are important and both
should be correlated with income: the nutrition of the mother during
pregnancy and the nutritional state of the mother’'s body immediately
prior to pregnancy. EDMOTHER may serve as an index of the mother's
health and nutritional state prior to pregnancy as indivldual health and
education levels have been shown to be consistently correlated. More
cducated mothers may be less likely to smoke 1if education increases
their awareness of the hazards of smoking and enables them to better

translate such information into behavior favorable to health. FEducation may
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also increase the productivity with which a given budget is used to
produce adequate nutrition and the productivity of the prenatal care
input itself.

There are a number of varlables which may reflect either exogenous
biological or genetic factors, exovgenous environmental factors or
endogenous behavioral factors. g,ch variables include maternal age
(AGEMOTH, AGEMSQ, TEEN), race of the child (primarily RACEN)*, and
nativity of mother (FORMOTH, PRMOTH). 1In the case of maternal age,
females at elther extreme end of the fecund age spectrum may be blologically
less able to produce adequately developed infants. On the other hand,
there may be different environmental and bchavioral factors opervant
in pregnancies at different ages which may impact on birth weight.

As previously discussed, race (particularly the black/white dichotomy) has
been demonstrated to be associated with differences in birth wcight.* However,
this finding is open to any or a combination of biological, environmental
or behavioral interpretations. Although neither Puerto Rican or other
immigrant groups represent distinct genetic or ethnic groups, they may
represent different genetic types than the average native born white
mother. On the other hand, immigrant status may be associated with socio-
economic factors, such as a different level of income for a measured

*Race referred to in the empirical work 1s the race of the child
as reported on the birth certificate. The race of the child is derived
from information given for the race of the parents. Children are coded
as "white" (includes Hispanics) if both parents are white or parental
race 1s unknown for both parents. If either parent is non-white, the
child is coded to the race of the non-white parent. 1f either parent
19 negro, the child is coded as negro. For other non-white races, the
race of the child is coded to the race of the father, if known.
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levels of education, language barriers which make the optimal utilization
of medical care difficult or different attitudes towards pregnancy and
chitld bearing.

Several of the groups of experience variables (CHILDLIV, TOTLOSS,
FIRST) have been shown to be predictors of birth weight in subsequent pregnancies
(Williams, 1976). To the extent to which these expericnce variables measure
reproductive efficiency this is to be expected and their inclusion in
the current study justified. Moreover, to the extent to which they may
represent a pattern of repeated behavior deletérious to Fetal development
they should be included in an exhaustive list of possible independent
variables to determine the extent to which their value as predictors is
mitigated or enhanced by subsequent behavior,

Two other variables, which I have included in the estimated function
for birthweight, are legitimacy (LEGIT) and a dummy to indicate whether
the mother resided in a designated Maternal and Child Care project area
(MIC). Although 1t is difficult to make a strong case for including
legitimacy as an input into a production process, one could argue that
to the extent tc which marriage is productive of particular efficiencies
accruing to the household that some net benefit may apply in the case
of pregnancy also. On the other hand, one could argue that for illegitimate
pregnancies, rfather's education is a poor proxy for income and that as
a first step in adjusting for this difference, a dummy variable to
measure legitimacy should be included in any production specification.
Overall, it would appear that ao little is known about the pregnancy
production process that the exclusion of a potentially important variable

such as legitimacy a priori is wmwarranted.



The MIC variable 1is included as an approximate proxy of the quality
of care delivered. MIC projects have been established in poorer areas
of the City with the goal of increasing the health of utherwise high-
risk mothiers and children. Many of these programs are innovative and
supply not only traditional, narrowly defined medical care but also
family planning and other social and educational services. To the extent
to which such programs are adequately funded and truely productive, one
would expect them to have a positive effect on birth weight amongst
mothers whose potential risk status is being theorectically held constant
in a multiple regression estimation.

Lastly, I have included gestation age in the birth weight equation.
In a more fully developed system gestation age would be regarded as only
an intermeiiate endogenous variable to be determined simultaneously with
birth weight, however, in the system [ am estimatiung I have found it
difficult to identify separate functions for both birth weight and gestation
age and have decided, for recasons enumerated above, to investipgate birth
weight, Gestation age is an important predictor of birth weight but not
necessarily a productive element per se, however, the inclusion of gestation
age in the birth weight equation may serve a useful purpose by allowing
us to answer the question, what is the true contribution of a particular
factor when gestation age is held constant? The "adjustment'" value of
geatation age is particularly important in accurately estimating the
effect of prenatal care on birth weight. Because of the protocol implicit
in the prenatal care process most women, once they begin care, will have

regularly scheduled visits until they deliver. 1f we include a measure
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I1f we disregard the possible error introduced by using only univarlate
tabulations, such variables may serve as important predictors of infant
survival, maternal reproductive efficlency and even the demand for pregnancy
specific inputs. At the other end of the methodological extreme the

authors report in a single page on a multiple regression equation they have
estimated including birth weight, as well as several totally predetermined
variables as independent variahles. They report that the regression equations
have little use because by R2 criteria birch welght accounted for almost all

the explained variation Iin deaths. Clearly this interpretation and their

rejection of a multiple regression technique confusea the value of the immediate
predictability of death which is best provided by birth weight with an examination

of the underlying biological, environmental, and behavioral causes of infant loss.

In performing our regression experiments to predict neonatal
mortalicy, we shall focus on three separate production formulations. An
equation including only predetermined variables; one also including
measures of the endogenously determined prenatal care measures; and a
final formulation also including bircth weight and gestation age as measures
of the condition of the infant at birth. We shall be interested in
determining the value of care holding the predetermined variables constaut
and also the value of care even after the condition of the infant is

known at birth. Notice that careful interpretation of these latter

*An analogous experimental situation would be to perform the following two
analyses of the effects of smoking on mortality. For a cohort of men,
aged 55-65, compare the death rates over a five year period of those
who have a history of smoking and those who have been non-smokers. The
smokers will have a statistically signifinant higher expected mortality
rate. Now, in a multiple regression, include dummy variables for both a
higtory of smoking and a diagnosis of lung cancer at the beginning of
the period - it is probable that since lung cancer has a five year
survival rate near zero that the contribution of the smoking varjable as
a predictor of death will be near zero.

]
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It has also been traditional when investigating infant mortality
to investigate age specific rates within the infant category. The
mnst common distinctions are made between neonatal and postneonaral
mortality. The neonatal period is defined as the first 28 duys of lites
the postneonatal period as the period from 28 days to 1 year. One
reason for making this distinction is that different causes of death
may be identified with each period. Deaths caused by "certain diseases
of early infancy" account for 82% of all neonatal deaths while only
accounting for 4% of postneonatal deaths, ™ Important causes of
postneonatal deaths include influenza, pneumonia, congenital malformations
and accidents, accounting for over 58% of all deaths during this period.
Although these differences in the causes of deaths have been the basis
for the traditional distinction between neonatal and postnconatal mortality,
for the purposes of this study, the age specific categories are useful because
they represent deaths which take place in different settings and presumably
reflect slightly different production conditions.

For the most part neonatal mortality occurs in hospitals during the
period just after the infants birth, For the most part, deaths during
this period are due to the production during the pregnancy of infants
inadequately equiped to survive in the postnatal environment. Until fairly
recently, little could be done to salvage many of these infants, now a field
of medicine, neonatology has evolved to more cffectively treat high risk
infants. So-called neonatal intensive care units have developed to deal
with high risk infants and in a city like New York an elaborate transfer

*The category "certaln diseases of early infancy” includes birth
injuries, postnatal asphyxia and atelectasis, neonatal disorders
arising from certain diseases of the mother during pregnancy, and immaturity
unqualified as well as other less prominent disease classifications.
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network exists to move high risk neonates into hospitals with such facilities.
The cost of running such units is relatively high, yet they have proliferated
relatively rapidly, therefore, we will be interested in attempting to measure
tir effect of such facilities on intant death or survival.,

As in the case of estimating production functions for birth weight,
we are hampered by the lack of a well defined and measurable set of inputs
into the survival production process. 1In fact, several production processes
can be identified. One which traces the effect of only totally predetermined
variables such as mother's education, age and/or prior cxperience with
pregnancy on the death/survival outcome. One which includes endogenously
determined inputs such as the amount and timing of prenatal care in the
production function. And a final formulation which includes such
intermediate measures of pregnancy outcome such as birthwelght and
gestation age. This latter relationship would provide information as
to the effect of exogenous factors and endogenously determined inputs
on the probability of death given the condition of the infant at birth.

One of the major failures of most previous studies of the causes
of infant mortality has resulted from the failure to make these
important distinctions and view the pregnancy process in the context
of the several equation models that I have presented. A confounding
of this problem can be seen by reading different sections of the Institute
of Medicine Study (1972) discussed earlier. 1In a chapter reviewing the
epldemiology of infant mortality, the authors present a series of essentially
2 by 2 tables relating infant mortality to such largely exogenous variables
as race, birth order and mother's age - all of which arc slgnificantly

related to Infant mortality when used singly as individual predictors.
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of the date of the first visit as one measure of the prenatal care

input, then to a large extent, a measure of the number of visits

becones a fairly good proxy for the duration of the presoancy and

therefore of gestation age. Thus, if we do not include gestationn age as

an independent variable in estimating the effect of the amount of prenatal
visits on birth weight we will substantially over-estimate the productive
value of suc', visits as there is, for most women, a biologically determined
relationship between gestation age and birth weight as discussed above.

Infant Mortality

Finally, we turn our attention to the estimation of functions for
infant mortality. Although most of the previous discusgssion of demand
has been in terms of infant survival, infant mortality as the undesirable
and less likely event has been the pregnancy outcome variable traditionally
studied and utilized as an index of health status and I shall not deviate

*
from this tradition.

*0f course, if we limit the possible states of being of an infant
to only death or survival, then either gstate can be viewed 2s the mirror
image of the other for the purposes of our study. The primary reason
for the traditional concentration on infant mortality would appear to
stem from a desire to identify conditions which contribute to this
"undesirable" outcome and by modification of behaviour or the environment
improve the chances of survival.

Note, that the concentration on infant mortality rates as opposed
to survival rates has perhaps had the effect of exaggerating the apparent
importance of crouss sectional differences, trends and random fluctuations.
Thus, reports that the infant mortality rate in Sweden is less than 50%
of the rate in the U.S5. are more likely to stir a response than the
equally valid observation that infant survival rates in Sweden are 1%
higher than in the U.S. Similarly, because of the relative size of the

bases, rates of change in infant death rates over time will appear much
larger than rates of change in survival rates.
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equations may shed some important light on the question of the ultimate

*
value of prenatal care in assuring infant survival.

The investipation of postnconatal mortality is intervestiag because
it takes us away from the largely unseeable biological production process
and out of the hospital/medical environment and into the home. Although
the stock of health capital the Infant is born with will continue to be
an important predictor of postneonatal survival (as note above the importance
of congenital malformations as a cause of death during this period), infant
health during this period is produced primarily within the household. Edoacatlon

and family income should be important inputs into child health., While race,

nativity of mother and legitimacy should all largely reflect environmental
differences. It will be important to measure the value of the care to
the infant available under the special Maternal and Child Health projects
as they may ultimately affect poustneonatal mortality. Moreover, the
inclusion of the two variables central to most of this investigation
experience with prior pregnancy and exteant of prenatal input will enable
us to clarify our interpretation of the effect of these variables.
Previously, we have argued that experience as measured by such
variables as TOTLOSS, FIRST, TBO, LAST AND CHILDLIV are measures primarily
of biological reproductive efficiency. While prior expetience with

raising infants as measured by FIRST or CHILDLIV may still serve as

indices of efficiency per se and of the incremental value of expericnce

*A common reservation that many denegrators of intensive prenatal
care have about its value is based on a third variable explanation of
its apparent effect., That 1s, if prenatal care is found to be associated
with increased infant survival and higher socio-economic class measures,
then it is argued that the observed relationship between care and
favorable outcomes {s really due to the third variable - soclo-economic
gtatus,
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in increasing efficiency, variables such as LAST or TOTLOSS (which includes
fetal losses) should have less effect. Moreover, CHILDLIV can be given

o diflerent interpretation. 11 productive inputs particularly as
summarized by income are held constant, then the greater the number of live
children in the household the less the mean amount of resources per child
will be and this may well have a deleterious effect on postneonatal
survival.® On the other hand, if education (particularly maternal) has

the effect of increasing the efficiency of household production, then

we would expect it to increase survival if income and live children are
held constant.

Turning to prenatal care, we note that there is little reason to expect
the quan .ty of prenatal care received to have a direct effect on postneonatal
survival. During the neonatal period, it could be argued that prenatal
care was of value even after birth because it may have served as a
surrogate for the adequacy of resovurces avallable to attend the birth.

To the extent to which continuity of care is important during the prenatal,
parturient and postpartunm period, adequate prenatal care may assure
adequate care during the delivery itself. Moreover, prenatal care may

be important in monitoring and detecting high risk pregnancies and arranging
for the appropriate care of high risk infants during and immediately

after birth. Since it is not clear that any such value can be

claimed for prenatal care during the postneonatal period, a finding that
prenatal care appeared to be a significant predictor of postneonatal

survival or death would constitute an important plece of empirical

*For a complete discussion of the importance of this phenomenon
in less developed contries, scec Wray
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evidence for the "third variable" hypothesis. That is, to the extent
that the measured amount of prenatal care demanded during pregnancy

Is not productive in itselr but only an index of the degree of wantedness
of the child, of the amount of other productive inputs such as good
nutrition into the production of a healthy child or of the ability of the
parents to effectively utilize the medical care system then it may
continue to be a good predictor of postneonatal death or survival even
though it is of little more direct productive value during the prenatal

period than during the postneonatal period.
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Chapter V - Problems of Estimation

Several problems were encountered in attempting to estimate both
demand and production functivns. TFor the most part these problems stemmed
from difficulties in the definition of endogenous variables, inadequate
scaling of variables and the estimation of functions with dichotomous
dependent variables.

A problem arose in utilizing the interval to the firstr prenatal
visit as an indicator of demand. This was because it was difficult to
assign a value to the variable when there were no prenatal visits
although the interval itself was otherwise a well defined continuous
variable. About 3.6 per cent of the sampled birth certificates reported
no prenatal care. Although it would appear natural te define the interval
as zero when there are no prenatal visits, this procedure may lead to
biased estimated coefficients and confuse the interpretation of the
regreasion estimates when considered as demand equations.

The reason for this problem may be seen by recalling that early
prenatal care is considered desirable behavior by the wmedical profession
and that therefore the interval to the first visit may be regarded as
an inverse measure of demand for care {(i.e., the shorter the intexrval
the greater the demand). Consider a simple two variable example as
fllustrated in Figure 1. If the interval (INTERVAL), in days, is
plotted on the Y-axis and income (INC) is plotted on the X-axis,
and if the interval declines as Iincome rises, there will be a scatter
of points in the INTERVAL/INC plane which represent different combinations

of INTERVAL and INC as i1llustrated in Figure 1. For those observations
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with at least one visit, one would be able to fir a funcrion
f (INC) that relates income to the size of the interval. However,
if one includes observations with no visits (INTERVAL = 0) and primacily
low incomes, the estimated relationship g(INC) will be much less steep
and have a substantially larger standard error than the f(INC) function.
In fact, based solely on g(INC) one would tend to substantially underestimate
the importance of income in determining the demand for care. An alternative
mathematical view of this situation is to consider the function, INTERVAL =
F(INC) for all observations as being discontinuous at some low level
of INC. That is

E(INT) = £(INC) for INC > INC (1a)

E(INT) = 0 for INC L INC, (1b)
and moreover, E(INT) is very large for INC-QBINCO compared with E(INC)
for INC much greater than INC,.

One attempt was made to cope with this discontinuity by in fact

estimating relationships that correspond to {(la) and (lb) separately.
That 1is, for the entire sample, a function with a dependent variable
corresponding to the visit/no visit dichotomy was estimated and for
a sample restricted only to those pregnancies with at least one prenatal
visit, a function was fit using the continuous variable INTERVAL as
a dependent variable. There are, however, several limitations to
this approach. One 1is that functions with dichotomous dependent variables
present speclal problems of estimation, as will be discussed later.
A second objection is that it may be difficult to easily interpret
the results of this two step estimation procedure and that in estimating
the continuous function one has egsentially thrown out the information

contained in the observations where there were no visits.
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Two alternative strategles were employed to estimate a single
function for the interval to the first visit., In one case, the
interval was set equal to gestation age for all infants with no visits.
The rationale behind this approach was that since nearly all deliveries
occurred in hospitals and were attended by medical personnel, one could
argue that the interaction between mother and physician just priort
to actual delivery constituted the first (and only) prenatal visit
and that gestation age was therefore, in these cases, a natural measure
of INTERVAL. Notice, that the effect of this strategy is to raise those
points with INTERVAL previously defined as zero off the X-axis and
into the general vicinity of observations with prenstal visits. The
interpretation of such an equation may be difficult because an outcome
meagsure, gestation age, is used as a proxy for the demand for an 1nput.*
As an example of the possible bias introduced in the estimatcd
relationships by this approach, consider the implications of the
following reasonable hypotheses: (1) both the demand for prenatal
care and gestation age are functions of income and (2) therefore,
most women without prenatal care will tend to be of low income and short
gestation age who delivered before they ordinarily would have sought

care. As a result of assigning women with no visita a shorter interval

*In a more complete model than is estimated in this paper, gestation
age could be Investigated as an intermediate outcome measure, just as
birth weight is used in this paper. If, in such a model, gestation
age 1s a function of the amount of traditionally defined prenatal care,
then it would be circular to define interval to the first visit as
gestation age within the context of that entire model.



than they would have planned, the coefficient of income in the estimated
interval equation is bilased toward zero.

An alternative strategy was to s+t an outer limit on the probable
duration of a pregnancy and transform INTERVAL into a new variable
as a function of the hypothesized potential pregnancy perfod. A scan
of the data indicated that 350 days was a reasonable outside limit on
the duration of a pregnancy (measured from the date of the last
menstrual period) and the new dependent variable for wvisit interval
was defined as:

INTER(350)

]

(350 — INTERVAL) 1f INTERVAL # O (2a)

INTER(350)

0 if INTERVAL = 0 (2b)
This technique has the benefit of transforming interval into a continuous
variable that will be positively corre%ated with the demand for care.
That is, the earlier prenatal care is initiated, the larger will be
INTER{350) and in the absence of any prenatal care INTER(350) will be
zero. The primary draw back to using this transformation Is that the
size of the estimated coefficients could depend on the scaling of the
variable. The constant selected, 350 days, is somewhat arbitrary

and it 1is worth noting that a smaller constant would have moved the
scatter of points with INTER{350)> O closer to those observations with
INTER(350) = 0 while a larger constant would have spread the two

groups further apart. The possible bias In the estimated coefficients

Y-

that is dependent on the scaling factor appears a priori to be indeterminate.

A similar problem of definition arises when the interval to the
first visit Is used as an independent variable in estimating the
subsequent equations in the system. 1In this situation, the problem

assoclated with interpreting the variable can be seen in a relatively



stralight forward manner. Consider the situation where the number of
visits (NUMVISIT) is a function of the interval to the first visit,

NUMVISIT = F(INTERVAL) (3)

o NUMVISIT <0 (4)

and if NUMVISIT ¥ O,
a} INTERVAL

For small positive intervals, the number of vigits will tend to be large,
but in the case of no visits both will be zeroc. This will tend to bias
the coefficient of INTERVAL in the NUMVISIT equation towards zero.
There are several straight forward ways of dealing with this
problem - two are variations of the techniques discussed above. They
involve either redefining INTERVAL as INTER(350) and using that variable
as the independent variable in the NUMVISIT equations or estimating a
separate relationship for the dichotomout visit/no visit choice and
subsequently restricting the sample for the NUMVISIT estimation only
to those pregnanciesa with at least one visit. A final strategy which
was also tried was to express INTERVAL as a serles of dummy variables
corresponding to the different timing of the initial wvisit for each
pregnancy. Three such dummies have been defined INTERl = 1 if care
was initiated at least during the first trimester (90 days); INTER2 =
1 if care was instituted at least during the asecond trimester; and
INTER3 = 1, if care was instituted in the third trimester. Thus the
coefficlents of these variablea represent the marginal varfation
assoclated with beginning care at later dates during a pregnancy.
A problem arose in using the number of prenatal visits (NUMVISIT)
as either an independent or dependent variable. Thils resulted from the

fact that in transferring information on NUMVISIT from the actual

)
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birth certificates to the EDP filcs which were utilized in this study
only one column was allocated to this variable. Hence, although NUMVISIT
could theoretically take any value on the actual bireh certificate, 1t
only could take on the values 0-9 on the data tapes. As a substantial
number of observations were coded with 9 visits (45%), this raised the
possibility of introducing a bias into equations where this variable
appeared.

The distribution of actual prenatal visits from a hand coded one
day sample of birth registrations was avallable. From this sample 1
could determine the distribution of observations with 9 or more vislits
by race/nativity groupings (white, black, foreign born, Puerto Rican).
The actual number of visits were tightly grouped in the range from 9-12
visits but sharply skewed towards larger numbers with a maximum at 22
prenatal visits for a single pregnancy. The mean number of wvisits in
this range was 11.04 visits and this mean did not vary statistically
among the race/nativity groupings. Accordingly, this mean, 11.04, was
substituted for 9 in the actual data whenever 9 was coded on the data
tape.

In order to calculate whether this limitation in the available data
was 1lmportant and whether the attempt to deal with it by making the
described substitution was adeqlate. a dummy variable, MAXVISIT was
defined. This variable equaled one when the redefined NUMVISIT equaled
11.04 and zero otherwise. When this variable was introduced into the
regression estimates for birth-weight and infant death, it was only
infrequently significant, had little explanatery value and did not

effect the interpretation of the overall effect of the NUMVISIT



dropped and will not be reported in the results sections that follow,

When NUMVISIT appeared as a dependent variable in the demand for
prenatal care equations, it was similarly defined as ranging from O
to 11.04. An alternative estimation procedure would have been to use
a "Tobit" estimation techuique to estimate parameters of Lhe demand
relativnship. This technique, which is a maximum likoalihood hybrid
of probit and wmultiple regression analysis, is designed to provide
consistent, asymptotically efficient estimates when dependent variables
tend to cluster at an upper or lower bound. Using this technique,
one estimates an index from which the probability of obhserving a non-
limit value for the dependent variable and the dependent variable's
expected value, conditional on a set of exogenous variables, can be
determined in a single step. As the concentration of values at the
limits decrease, "Tobit" estimates approach those of OLS.

Although pernaps preferred to the actual estimacrion technique
employed, this approach was not followed Lecause (1) Lhere was no
couputer program to perform this estimation supported, debugged or
available at the computer installation at which the computations were
performed; (2) this estimation technique reguires that the parameter
values be estimated using an 1lterative procedure which became
prohibirively expensive with a data set the size of the one available:™
and (3) the results with the dummy variable MAXVISIT used as an
independent variable were not sensitive to this limitation.

A gimilar but more siginificant estimation problem was encountered

*See discussion following about Logit regression estimates.
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in estimating the relationships, for individual data, of infant
death, neonatal death and pestneonatal death. These were defined as
dichotomous dependant varlables equaling one {7 the infant died and zero
otherwise. When such relationships are estimated by classical least
squares, the relationship Y = X'%? + u is sometimes called the linear
probability model - some will recognize it as the simplest form of
linear discriminant analysis. Unfortunately, this relationship violates
one of the assumptions underlying the valid application of classical
least squares, namely, that the variance of the stochastic error term
(C;u 2) be the same for all observations (homoscedasticity). This
assumption is untenable because with a binary dependent variable
E(Yi) = P(Y4y = 1) and the variance of u; 1is:
var(uy) = E(uj)? =(x1'ﬁ )(1—xi;6’) (5)
which depends on the X;. Feldstein (1966) makes this observation in
propesing such a model for perinatal mortality but notes that although
classical least square estimates are inefficient 1in such cases they are
still unbiased. He further points out following Johnston (1963)
and Goldberger (1964) that the efficiency of these estimates could
be improved by using an appropriate weighting scheme and generalized
least squares. Feldstein argues, however, that "with a sample of nearly
17,000, the gain in efficiency does not justify the additional calculations.’
Williams (1975) following Nerlove and Press (1973) rejects the
linear probability model as being inappropriate in the cases of infant
death. She suggests a logit specification where the logit is defined as the

logarithm of the odds ratio, 1n iﬂi¥%7 and will range over all real
~P

values as p(X) lies between zero and one. If the logit is a linear
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function of some group of independent variable, X (a vector), then

p(X) = 33‘5 = 1
T 14D 1+e X4 (6)

o~
As this function is not linear in the estimated parameters (K}), it

must be estimated by an iterative maximum likelihood procedure. A
speclal program to perform such an estimation was available to the
author. Unfortunately, however, because the predicted values for
each ohservation must be calculated in each iteration to maximize
the likelihood function this procedure is very expensive. Its cost
increases with an increase in the number of observations, the number
of Independent variables and the number of iterations. Moreover, one
has no clue before hand as to whether an estimation will converge within
program limitations. In practice many iteratlions were needed for
convergence and convergence frequently was not obtained.

In the program actually used (Maurer, 1973), computer core region
in "K" was calculated as follows:

Region = Constant + Buffer input/output space + Array Size (7)

4 x No. of Variables x No. of observations (8)

here, Arr Si =
w » ay ze 1,000

Since we were interested in relationships with approximately 15
independent variables, the estimation of these relationships for our
sample of over 50,000 cobservations would have required over 3,500 K.

Only 1,000 K would ever be available on the big 370 system 1 used and
only jobs under 500 K could be relied on to run consistently due to the
queing algorithm used to assign priorities. Accordingly, a sub-sawple of
observations were obtained to use in these maximum likelihood logit

regressions.
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This sample consisted of a 50% random sample of all deaths and
a 4% random sample of all surviving births - 2,656 observations altogether.
The sample was weighted in Inverse proportion to the sampling fractions
so that the death rates in the sample were the sample as the population
as a whole. Maximum likelihood logit regressions were estimated on
the welghted sample and reported in Chapter 8. Classical least squares
regressions, similarly weighted, were also run on the sawme sample and
are reported and compared with the logit estimates. Finally both these
groups of estimates are compared with OLS estimates of a linear probability
model of infant death using the entire sample of over 52,000 cases

reported in Chapter 7.
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Chapter VI - Estimation of Demand Functions

In Chapter 11I, we examined a theoretical model of the demand for
prenatal care and developed some hvpotheses about the effects of Incone,
education. previous nreenancy experilence and the number of children
already in the household on the demand for care. In this chanter, I
present some empirical tests of these hvpotheses and more inclusive
egstimates of demand equations than are simplv imnlied bv the theoretical
model. The data used, as indicated in Chapter 1V, 1s primarilv birth
certificate information from the New York Citv birth cohort for the
period Januarv to June 1970. The edited data set contains 54,280 observations,
aprrox-imately 13,000 observations having been eliminated due to insufficient
recording of a sufficient number of crucial data items to justify the

observation'’s inclusion.

Interval to the First Prenatal Visit

First, we examine the decision as to whether or not to seek prenatal
care at all during a pregnancv. In Table 1 are renorted the results of
classical least squares regressions of the dichotomous dependent variable
NOVISIT on an increasingly inclusive group of independent variahles.*

The coefficients in the table may be interpreted as the change in the
probability that the mother had no visits per unit of the independent
variable or 1f a characteristic is represented by a dummy variable, as
the change in the probability assoclated with the presence of the
characteristic,

Thus, we note that maternal age has a non-linear effect on the

*NOVISIT is a dummy variable that enuals one 1f the mother had no
prenatal care visits and zero if she had at least one visit.



Table 1 (VI)

NOVISIT: Dichotomous Dependent Variable that Equals One 1if Mother
Had No Prenatal Visits
Coefficient of OLS Regression Estimates: Entire Sample
N = 54,280
(t-statistic in parenthesis)
Variables in the Equation (a) (b) (c)
AGEMOTH ~0.0009 -0.0068 -0.0068
(6.04) (6.34) (6.28)
EDMOTH =0.0011 ~. 0007 -0.0006
(4.23)** (2.33)** (2.20)*
EDFATH ~-0.0021 ~-0.0014 -0. 0006
(5.83)** (3.98)** (4.01)**
LEGIT ~-0.0436 ~-0.0403 -0.0399
(20.97)** (19.04)** (18.69)**
RACEN 0.0114 0.0077 0.0052
(6.12)** (4.07)%** (2.57)%
FORMOTH -0.0029 0. 0009 0.0007
(1.50) {0.45) (0.34)
PRMOTH 0.0211 0.0191 0.0176
(9.09)** (8.19)** (7.29)**
AGEMSQ 0.0001 0.0001
(4.52) (4.50)
TBO -0.0028 ~0,0028
(1.47) (1.44)
CHILDLIV 0.0108 0.0107
(4.78)** (4.71)**
FIRST -.0019 -0.0020
(0.90) (0.92)
ZLOSS 0.0003 0.0078
{0.05) (1.14)
LAST -0.0097
(2.25)"
MIC 0.0092

(4.62)**
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Table 1 (VI) Cont'd.

Variables in the Equation (a) (b) (c)
CLINIC -1.0001
(3.99)**
OB/CYN 0.0006
(0.66)
R2 0.0239 0.0275 0.0281
c 0.1190 0.1876 0.1872

*Indicates coefficient significant at 5% level.

**Indicates coefficient significant at 1% level,
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probability of seeking premnatal care. The probability of seeking care
increases, although at a falling rate with increasing maternal age,
reaching a peak at approximately 38.9 years and falling afterward. This
is somewhat ironic in that most studies indicate that very young mothers
are potentially at high risk of an adverse pregnancy outcome. However,
this finding may also indicate that to the extent that care produces
good outcomes the apparent high risk of very young wmothers is due to
their lower utilization of care. On the other hand, the evidence
indicates that older mothers (over 35), another hiegh risk group, are
among the most likely to seek cafe - perhaps because of their greater
experience or the relativelv well publicized risk factors associated
with the more advanced child bearine years.

Both mother's and father's education tend to be positively correlated
with an increased propensity to seek care. The effect of father's
education is somewhat stronger and I would tend to interpret this as an
income effect - viewing father's education as a proxy for permanent
income. Mother'’s education, for various reasons, can be interpreted as an
efficiency variable and as such may have both positive and negative
effects on the demand for care - the net effect would appear to be
modestly positive.

Not surprisingly, legitimate births are more likely to have prenatal
care probably reflecting a hypothesized ''wantedness" effect. The dummy
variables for negro, Puerto Rican and foreign born mothers, in a sense,
all stand for our ignorance - they measure differences among mothers
with different racial, ethnic or nativity characteristics which we

cannot otherwise explain. Both negro and Puerto Rican mothers are less



likely to receive care while being foreign born has no statistically
significant effect. Interestingly, the size of the coefficient on RACEN
(negro mother) is reduced by over one half by the introduction of cxperience
and availability of care variables in regression (b) and (c). This

would tend to indicate that there are less "unexplained” factors affecting
the utilization of prenatal care facilities by blacks than might be
attributed to the racial characteristic itself.

The coefficients of the experience variables TBO, CHILDLIV, FIRST,
%ZLOSS and LAST introduced in regressions (b) and (c) lend limited support
to the hypothesized effects of experience. In particular, the probability
of not seeking care increases with each live child already in the family.
A finding consistent with either an experience or a wantedness effect.
However, the probability of seeking care is higher for those mothers
whoge most recent previous pregnancy ended in a fetal death - probably
an experience effect,

The variables assoclated with the availability of care had a
somewhat surprising and mixed effect on the care/no care decision. The
availability of clinic time appeared to increase the nrobability of
seeking care., however, the availability of obstetrician/eynecologists
had no significant effect. Most surprisinglv, the availability of a
Federally funded Maternal and Infant Health Care Project facility in a
neighborhood (Health District) was associated with an increased probability
of failing to seek care. One possible explanation for this finding is
that there 1s a simultaneity problem associated with the interpretation
of this result. That is, MIC projects are established primarily in

areas where the utilization of prenatal care facilities is already low.

¢ ] A~
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This explanmation would be more convincing 1f these MIC projects had
been established in the period immediately prior to 1970. However, the
MIC program had been underway since 1962 so that adequate time had
elapsed within the individual Health Districts to encourage increased
use of prenatal care facilities by 1970. Alternatively, one could argue
that these projects were started primarily in areas where the availability
of alternative providers of care was so limited that even after the
MIC facilities had been in existence for 8 years they could not, at the
level at which they were operating, compensate for the lack of other
facilities in a given gecgraphic area.”™

Tables 2, 3, and 4 report the estimated equations of the demand for
care when various measures of the interval between the date of the
mother's last menstrual period and the date of her first visit are used
as dependent variables, The regressions reported in Table 2 were run
only on that sub-sample of 52,552 mothers who had at least one visit.
In Table 3, INTER(350) 1is the dependent variable and in Table 4, INTER(GEST)
is the dependent variable. As the coefficients of all nine regressions
reported in the three tables are remarkably similar, only overall effects
will be discussed and exceptions to this general similarity noted.

As reported with regard to Table 1, the relationship between

maternal age and the length of the Interval to the first visit appears

*The simple correlation coefficients between MIC and CLINIC,
and MIC and OB/GYN are .49 and -.17 respectively indicating that MIC
areas did tend to have a somewhat reduced availability of private physiclans
but this may have been well compensated for by the presence of clinic
facilities. It should be noted that neither CLINIC nor OB/GYN completely
adequately measure the amount of provider capacity in a Health District.
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Table 2 (VI)

INTERVAL: Interval Measured in Days between Date of Mother's Last
Menstrual Period and the Date of Her First Prenatal Visit
Coefficients of OLS Regression Estimates For the Sample
of Mothers Making at Least One Prenatal Visit, N = 52,552
(t-statistic in the parenthesis)

Variables in the Equation (a) {b) (c)

AGEMOTH -0.9389 -9.0350 -8.9093

(20.86)** (26.61)** (26.25)**

EDMOTH -1.0116 -0.5745 -0.6114

(11.46)** (6.53)** (6.95)*
EDFATH -2,7976 ~2.2317 ~2.2019
(24.31)%* (19.47)* (19.23)**
LEGIT -27.9751 ~24.,1184 ~23.2206
(41.49)** (35.53)%* (33.98)**
RACEN 28.8665 25.9259 24,1485
(48.04)** (43.24) ** (38.15)**
FORMOTH 10.3381 13.1904 12.7555
(16.98)** (21.75)** (21.01)**
PRMOTH 25.2312 24,1240 22.0326
(38.85)** (32.67)** (28.87)**
AGEMSQ 0.1331 0.1312
(21.75)** (21.46)**
TBO 0.6227 0. 5849
(1.04) .97)
CHILDLIV 4.9878 4.9310
(6.95)** (6.87)
FIRST -1.0475 ~1.1454
(1.55) (1.69)
%LOSS -8.2524 -3.8456
(4.39)** (1.79)
LAST -6.1099
(4.50)%*
MIC 4.7311

(7.66)**



Table 2 (VI) Cont'd.

Variables in the Equation (a) (b) (c)
CLINIC 0.0160
(3.09)**
R2 0.1946 0.2156 0.2176
C 198.9807 294.9729 290.9597

*Indicates coefficient significant at the 5% level.

**Indicates coeffictient significant at the 1% level.
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Table 3 (V1)

INT(GEST): Interval Measured in Days between Date of Mother's Last
Menatrual Period and Date of her First Prenatal Visit;
Equals Gestation Age if Mother had No Prenatal Visits
Coefficients of OLS Regression Estimates: Entire Sample
N = 54,280
(t-statistic in parenthesis)
Independent Variable (a) (b) (c)
AGEMOTH -1.0296 -9,6025 -9.4606
(21.72)%* (26.93)** (26.55)**
EDMOTH -l.lSli* -.6583 -.6903
(12.41) (7.12)** (7.46)**
EDFATH -3.1115 =-2.4811 —2.4&82*
(25.68)** (20.57)%* (20.32)
LEGIT ~31.9660 -27.8431 —26.900i*
(45.66)** (39.55)** (37.97)
RACEN 29.6066 26.2541 24.1167
(46.90)** (41.69)** (36.31)**
FORMOTH 9.7840 13.0608 12.6049
(15.15)** (20.31)** (19.58)**
PRMOTH 27.3092 25.9609 23.6419
(34.98)** (33.60)** (29.60)**
AGEMSQ .1399 .1378
(21.74) (21.43)
TBO .4286 - 3900
(.68) (.62)
CHILDL1V 5.8904 5.8151
(7.84)** (7.75)**
FIRST ~1.3563 -1.4409*
(1.90) (2.202)
XLOSS -8.5327 -3.3792
(4.30)** (1.49)
LAST -7.0637

(4.92)**



Table 3 (VI) Cont'd.

Independent Variables (a) (b) {(c)
MIC -7.0637
5.92)**
CLINIC 5.9563
(9.16)**
OB/GYN .0768
(.24)
[ .
Constant 213.15 314,42 310.15
rZ .202 ,225 .226

*Indicates coefficieat significant

at 5% level.

**Indicates coefficient significant at 1% level.

g
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Table &4 (VI)

INTER{(350): 350 - Interval Measured in Days between Date of Mother's
Last Menstrual Period and the Date of her First Prenatal
Visit; Equals Zero if Mother had No Prenatal Visits
Coefficients of OLS Regression Estimates: Entire Sample
N = 54,280
{t-statistic in parenthesis)
Independent Variable (a) {(b) (c)
AGEMOTH 1.0979 10.1455 16.0024
(20.99)** (25.78)** (25.42)**
EDMOTH 1.2372 .7012 7314
(12.09)** (6.88)** (7.16)**
EDFATH 3. 2645 2.5799 2.5523
(24.42)** (19.38)** (19.02)**
LEGIT 35.7779 31.3818 30,4144
(46.32)** (40.39)** (38.89)**
RACEN =-30.7679 =-27.1017 -24.8127
(44.18)** (38.99)** (33.80)**
FORMOTH -9,.6078 -13.1955 -12.7261
(13.48)** (18.59)**  (17.91)**
PRMOTH -28.9406 -27.4190 -25.0155
(33.60)** (32.15)*%  (28.37)**
AGEMSQ -.1468 -. 1447
(20.67)**  (20.40)**
TBO -.2356 ~.1991
(.34) (.29
CHILDLIV ~-6.7611 —6.6?72*
(8.15)** (8.06)
FIRST 1.4600 1.5506
(1.86) (1.97)*
ZLOSS 8.6228* 2.6557
(3.84)* (1.086)
LAST 7.8569

(4.96)**
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Table 4 (VI) Cont'd.

Independent Variable () {b) ()

MIC 7.8569
(4.96) %%

CLINIC -6.5521
(8.97)**

OB/GYN -.1000

(.28)
Constant 127.35 20.67 24.91
RZ .194 .216 .218

*Indicates coefficient significant at 5% level.

**Indicates coefficient significant at 1% level.
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nonlinear. However, the interval is shortest for mothers of 34 to 35
years despite the fact that the risk of an adverse outcome rises steeply
as maternal age increases beyond this age. As In the case of the visit/no
visit equation, both mother's and father's education are negatively
correlated with the length of the interval but the effect of father's
education is much stronger, particularly after taking account of the
experience variables. Thus in regressions (b) and (c) of each of Tables
2,3, and 4, the coefficient of father's education is approximately 3.6
times as great as the coefficient of mother's education. This result

is consistent with a hypothesized strong income effect as captured in
father's education and a weaker reproductive efficiency effect as captured
in mother's education.

Illegitimate births have thelr first prenatal visit, Iif any,
delayed about a month as compared with legitimate births ~ although the
measured delay i3 smallest for that sub-sample of births which only
include pregnancies with at least one visit. Black, Puerto Rican and
other foreign born mothers also delayed first visita. The size of the
coefficients of RACEN and PRMOTH are comparable to the coefficlent of
LEGIT, although more frustrating because they are not as amenable to
explanation.

The coefficients of the experience variables indicate no specific
birth order effect per se, although the coefficients reported in equations
{c) of Tables 3 and 4 would intend to indicate a slight shortening of
the interval associated with first births. The coefficients of CHILDLIV
in al} three tables tends to indicate that the presence of live children

or alternatively previously successful pregnancies tend to substantially



extend first visit intervals from five to seven days per live child. On
the other hand, the effect of negative experience seéms to be concentrated
in only the outcome of the previous pregnancy. Although a history of

bad experience as measured by ZLOSS tends to reduce the first visit
interval, the coefficient on %ZLOSS looses significance when LAST is
introduced into the regressions. This is probably due to the high
correlation between ZLOSS and LAST (simple correlationm coefficient

equals .67) and the fact that recently experienced losses as captured by
LAST may have a more substantial impact on behavior than those experienced
earlier in the child bearing life cycle which may be picked up in ZLOSS.
Moreover, LAST measures a specific pregnancy related loss (a fetal

death) while XLOSS includes child losses at any age as well as fetal
losses. The coefficient of LAST is not insubstantial in any set of
regressions and in fact 1s larger than the coefficient of CHILDLIV in

all regressions in which they both occur, The significant negative
coefficient on LAST is consistent with interpreting previous failures as
indicating a reduction in reproductive efficiency of the production
function shift type rather than representing a change in the value of

the marginal product of prenatal care inputs,.

Turning our attention to the avallability of care variables (MIC,
CLINIC, OB/GYN), we note that, as in the case of the visit/no visit
regreasions reported in Table 1, being located in a designated MIC
project area tends to be assoclated with a decreased demand for care (as

measured by a lengthened first visit interval). The availability of

obstetrician/gynecologists has no effect on the interval and the availability

of clinic time 1is inconaistent. The coefficient of CLINIC is only

to
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significant in the interval regressions restricted to those mothers who
had at least one visit (Table 2, Regression (c¢))}. 1In this case, it has
a positive sign indicating that an increase in clinic hours per prugnancy
in a Health Districet is assoclated, somewhat paradoxically, with an
increase in the first visit Interval. This finding is somewhat contrary
to expectations particularly as this variable was previously found to be
positively associated with initiating care in the first place (Table 1).
To some extent the opposite effects of this variable as reported in

- Tables 1 and 2 may account for its failure to achieve significance in
either Table 3 or 4. Although I have tended to view an increase in
CLINIC as being associated with a decrease in the price of prenatal care
(i.e., the more c¢linic hours are avallable per pregnant mother, the
lower the net cost of a visit), it is at best a very imperfect measure
of either time or information costs as the numerator, clinic hours,
doesn't adequately capture differences in individual clinic production
capacities and the denomlnator, pregnancies in a health district, 1is
only a measure of potential demand for and not the actual use of a
facility. The ratio of actual clinic capacity to thelr actual use

would be a better surrogate Iindex of the availability (cost) of clinic

care to an individual pregnant mother.

Number of Prenatal Viaits

In considering the demand for prenatal care as measured by the
number of prenatal visita (NUMVISIT), we shall primarily be concerned
with contrasts between demand functions estimated solely on predetermined
variables and those which take the length of the interval to the first

visit into account. The latter group of relationships will enable us



to assess the lmpact of physiclans' {input on the demand for care. These
two sets of regressions are presented in Table 5.

Equations (a) through (c) in Table 5 contain only variables representing
the socio-economic characteristics of householda, pregnancy experlence
and the availability of care facilities, and as such, they represent
reduced form demand equations. As in the case of the interval estimates,
the number of vigits 1s a nonlinear function of mother's age reaching a
maximum at about 36 years - an age just below the average woman's final
years of fecundity, the period when the risk of abnormal pregnancy
outcomes is greatest. Mother's and father's education both tend to
increase the number of visits but the importance of EDFATH relative to
EDMOTH is reduced ~ the elasticity at the mean of EDFATH is .11 and of
EDMOTH .06 (based on regression (c)). The signs of the coefficients on
LEGIT, RACEN, FORMOTH and PRMOTH are as expected and Iindicate a substantial
amount of varfation in demand attributable to these characteristics
which cannot really be well explained. The experience variables all
behave as expected. There appears to be a reduction in the number of
vigits of approximately .3 per live child in the home while firet
pregnancies receive an added amount of care. As in the INTERVAL regressions,
ZLOSS, the cumulative experience variable, while it has a positive
effect when entered alone is dominated by the LAST (last pregnancy ended
in fetal death = 1) when both are entered into the equation.

The coefficlents of the variables representing the availability of
care providers are consistent with the results of the INTERVAL regressions.
Mothers in MIC designated areas have .4 fewer visits while the availability

of clinic hours tends to increase the number of visits, although not



Table 5 (VI)
NUMVISIT: Number of Prenatal Care Visits

Coefficients of OLS Regression Estimates:
Entire Sample, N = 54,280

(t~statistics in parenthesis)

Independent
Variables (a) (b) (c) (d) (é) (£)
AGEMOTH 0.271,, 0.360 0.355 0.126 0.067 0.097
(14.62) (19.07) (18.85) ** (8.21) (4.46)%* (6.23)**
EDMOTH 0.060, , 0.041 0.041 0.026 0.019 0.022_
(12.23) (8.41) (8.28)%* (6.53) (4.92)** (5.53)
EDFATH 0.096 0.073 0.073 0.014 -0.0006 0.008
(15.04) (11.37) (11.33) (2.68) (0.11) (1.47)
LEGIT 1.328 1.255 1.224 0.450 0.346 0.381
(35.42)** (33.69)** (32.65)** (14.69)** (11.41)** (12.14)**
RACEN (Eﬁ'éig** (;g.g;a** ~0.848 ~0.312 -0.135** ~0.244
. .18) (24.10) (10.81) (4.77) (8.34)
FORMOTH -0.121 -0.268 -0.254 0.032 0.112 0.063
(3.56) (7.88) (7.46)** (1.14) (4.09) (2.27)%*
P ={). -0, =0. -0, =0. =0.
o B B @Be 8 2pe 2
. . . . . (4.51)
AGEMSQ (zg.gg§** (Ig.gg?** (12'28?** o.ooz** -o.ooog* -0.001
. . . (6.07) (2.80) (4.40)
CHLDLIV -0.299 -0.286 -0.101 -0.093 -0.098
(22.88)** (7.19)%* (3.15) (2.95)** (3.01)**

e |



Table 5 (VI) Comnt'd.

Independent
Variables (a) (b) (c) (d) (e) (f)
FIRST 0.225 0.229 0.189 0.183 0.192
(6.05)** (6.08) (6.21)** (6.11)** (6.24)
2L0SS 0.250 0.030 0.008 -0.048 -0.014
(3.64)* (0.25) (0.08) (0.50) €0.14)
TRO -0.006 -0.015 0.00001 -0.007
(0.18) (0.57) (0.0000) (0.24)
LAST 0.302 0.103 0.074 0.036
(3.98) (1.67) (1.23) (1.39)
MIC ~0.417 -0.251 -0.229 -0.247
(11.91) (8.88) (8.16)** (8.61)**
CLINIC 0.002 0.002 0.002 0.002
(7.52)%* (8.48)** (9.81)** (8.91)%*
0B/GYN -0.024 -0.018 0.021 0.020
(1.39) (1.35) (1.54) (1.12)
INTERL 9.099
(141.66)%*
INTER2 ~1.248 -0.678
(48.24) (13.38)
INTER3 -2.770 0.232
(92.89) (7.13)

Y]



Table 5 (VI) Cont'g,

Independent
Variables (a) {b) {c) (d) (e) (f)
INTER(350) 0.030
(110.21)
INTER(350)2 0.119
(3.21)
INTERVAL ~-0.02
(50.57)
R2 0.133 0.149 0.152 0.447 0.460 0.347
Constant 1.690 0.657 0.748 -2.245 -0.175 8.963
N 54280 54280 54280 54280 5428 52552

*Coefficient statistically significant at 5% level.

**Ccoefficient statistically significant at 1% level.

dRegression (f) restricted to these observations for which NUMVISIT > 0.

S/



157

Table 6 (VI)

Means and Standard Deviations of Dependent and Independent

Variablas - For the Entice Sample N=54,230

Variable Mean Standard Deviation
MOTHAGE 25.16 5.51
EDMOTH 10.94 3.37
EDFATH 11.90 2.60
LEGIT 0.79 0.41
RACEN 0.29 0.46
FORMOTH 0.22 0.42
PRMOTH 0.17 0.38
TBO 1.31 1.74
CHILDLIV 1.11 1.48
TLOSS 0.19 0.63
FIRST 0.41 0.49
%ZL0SS 0.07 0.20
AGEMSQ 663.38 300.21
MIC 0.37 .48
CLINIC 53.49 52.54
OB/GYN .50 -83
LAST 0.06 0.23
INTER(350) 219.46 71.71
INTERL 0.97 0.18
INTER2 0.61 0.48
INTER3 0.18 0.39

INTER(350)2 0.36 0.48
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Table 6 (VI) Cont'd.

Variable Mean Standard Deviation
NUMVISIT 7.99 3.30

novisit 0.03 0.18

WGHT 3176.14 569.27

WGHTSQ 10.41 3.44

GESTN 277.89 24.15

icu * 0.43 0.49

DEATH 0.014 0.13
NEONATAL DEATH 0.014 0.12
POSTNEONATAL

DFATH 0.004 0.06
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substantially (the elasticity of CLINIC in regression (c)} is .0l).
Surprisingly, particularly considering the positive sign on CLINIC,
the coefficient of OB/GYN has a negative sign although it is not significunt.

Turning our attention to regressions (d) through (f) in Table 5, we
examine the effect of including the Interval to the first visit in the
NUMVISIT estimates. In regression (d), I have used a number of incremental
dummy variables to measure the effect of the length of the interval and
to take account of the nonlinearity of the protocol which obstetricians
are supposed to follow in scheduling expectant mothers for prenatal
care.” In regression (e) I use the transformed variable INTER(350) and
a dummy variable, INTER(350)2, to account for nonlinearity. In regression
(f), the sample is restricted to only those mothers who had at least one
prenatal visit and the definition of INTERVAL as the actual interval to
the first visit is followed. INTER2 and INTER3 once again are introduced
to account for nonlinearities,

The effect on the coefficients of the predetermined variables of
including these various measures of the interval to the first visit is
substantial. In the case of mother's age, there is a tendency f;r the
peak at the maximum number of visits to shift to older ages. This is
particularly pronounced in regression (f) where the maximum number of

visits 18 reached at age 48 - an age at which most women are no longer

*Recall that the protocol is nonlinear, i.e. during the first and
second trimester (90-day period) one visit a month is recommended;
in the third trimester, a visit every two weeks is recommended during
the first two months and a weekly visit thereafter until delivery.
In terms of the marginal dummy variables INTER1, INTER2 and INTER3,
we would expect the coefficlent of INTERL (equals 1 if INTERVAL is
greater than zero) to be greater than either INTER2 or INTER3 but that
INTER3 should be greater than INTER2 since it is primarily during the
third trimester that the nonlinearity becomes most acute and the
period between visits progressively shorter.
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fecund. The tendency of the number of visits to continue to rise amongst
older pregnant women, particularly those that have made an initial
phyaician contact, would indicate that physicians, at least, appear to
act as though encouraging higher risk mothera, as measured by age, to
obtain more prenatal care.

The effect of mother's and father's education is also altered in
these specifications. Father's education which was seen to be more
important in determining the interval to the first visit 1s only significant
in specification (d). Moreover, in all three specifications, (d) through
(f), wmother's education i3 significant and had a larger positive effect.
This finding tends to support the notion that there is a productivity
effect associated with mother's education which would tend to increase
the productivity of prenatal visits and encourage their purchase. The
abaence of a strong father's education effect, which we have viewed as
a proxy for an income effect may partially result from the way in which
prenatal care and obstetrical delivery is priced by many private
physicians. Most private physicians charge a single fee for prenatal
care and obstetrical delivery - there 1is generally no individual charge
for each prenatal visit. For this reason, income may effect the decision
as to whether to purchase the entire package of care but not individual
pileces of it as they cannot usually be purchased separately.* Pricing
in clinics and MIC centers is varied and while these providers would

tend to charge on a per-visit basis, most users of these facilities are

*Perhaps the only way to purchase these services separately would
be to start care very late and persuade the physician to reduce the fee
accordingly as fewer prenatal visits would be expected., If this was a
widely followed practice then we might expect income proxy variables,
such as father's education, to affect the interval but not the number of
vigits with the interval held constant,



probably substantially, if not totally, subsidized by Medicaid and other
public funds and so unaffected by the method of charging for prenatal
care.

The introduction of interval measures in the number of visits
regressions substantially reduces the size of the previously largely
unexplained differentials assoclated with legitimacy and the race/
ethnicity/nativity dummies. 1In fact, the coefficient on FORMOTH becomes
positive and significant in regressions (e) and (f). This indicates
that foreign born mothers tend to have slightly more visits than native
born mothers once one takes account of the longer interval they wait
before initiating care. In general, 1t would appear that as much as 80%
of the apparent reduction in the number of prenatal care visits associated
with illegitimacy, or being a black or Puerto Rican mother can be attributed
to the longer intervals these mothers wait before initiating care and
not to substantially reduced levels of care once they make contact with
the medical care system.

The bad experience variables, ZLOSS and LAST, as well as TBO are
not significant determinants of the number of visits holding the interval
constant. This would tend to indicate that physicians are less likely
than expectant mothers to modify their care protocol with regard to a
specific pregnancy to take account of a history of previous pregnancy
losses. On the other hand, both CHILDLIV and FIRST remain significant
in regreasions (e) and (f), although the size of their coefficients are
reduced by about 50Z. It is tempting to view these results as reflecting
a wantedness or maternal time effect, particularly when contrasted with
the lack of significance of the other experience measures. Thus, if

demand is particularly high for the first child and declines with each
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successive birth, one would expect the pattern of the demand for careto
be as reflected in the coefficients of CHILDLIV and FIRST in regressions
(d) through (f). On the other hand, it is equally plausible to argue
that the presence of children in the home effectively changes the value
of the mother's time in such a way so as to discourage the mother from
leaving home to seek prenatal care as frequently as she might do if
there were no children present, Lastly, it is possible that these
findings represent a 'portfolio'" effect (although this might better be
captured in the coefficient of TBO), that is, people who plan on having
large families other things equal may spend less per child, less per
pregnancy and have fewer visits, and, in any random cross section,
actual completed family size (CHLDLIV) is likely to be highly correlated
with desired family size, particularly when cne has controlled for
maternal age.

The estimated coefficients of MIC, CLINIC and OB/GYN in regressions
(d) through (f) are consistent with regression (c) and the earlier
regressions on INTERVAL and will not be discussed again at this point.

The coefficients of the various measures of the interval to the
first visit (INTER1, INTER2, INTER3, INTER(350), INTER{350)2, INTERVAL)
all demonstrate the very strong effect of the largely mother determined
interval to the first visit on the actual number of visits. For example,
the coefficients of the three dummy variablea, INTER1, INTERZ, INTER3 in
regression (d) would indicate that other things equal women who begin
care during their first trimester will have 9.1 visits, those who begin
during their second trimester 7.9 visits, and those in the third 5.1
visits. The number of visits corresponding to each trimester is

similar to the number of visits which would result from following the
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protocol for prenatal care as recommended by obstetricfans. Thus,

following this protocol, a mother would have approximately 12 visits if

she began during the first trimester, 10 {f she began in the second and

7 1f gshe began in the third. Of course, these
with an uneventful pregnancy; pregnant mothers
complications of pregnancy would be advised to

persistent difference of between two and three

estimates would be associated
at high risk or suffering
have more visits. The

vigsits between the

recommended protocol and the estimated coefficients may have largely

been the result of the restrictive upper bound

of 11.04 placed on the

dependent number of visits variable. This upper bound was necessitated

by the manner in which the data was recorded.
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Chapter VII - Estimation of Outcome Relationships

In the previcus chapter, 1 investigated empirically the factors
associated with the demand for and utilization of prenatal care. Ta
this chapter, I investigate empirically the factors associated with
different pregnancy outcomes, specifically birth weight, neonatal death,
postneonatal death and infant death as a whole. 1In the analysis that
follows, I shall particularly concentrate on attempting to determine the‘
extent to which differences in the level of prenatal care utilized

during a pregnancy contribute to differences in outcomes.

Birth weight

As discussed in Chapter IV, there are a number of good reasons for
choosing birth weight as a measure of the success of a pregnancy. It
is universally and fairly accurately measured and recorded. It is a
good objective indicator of the condition of the child at birth, particularly
as it 1s the best single predictor of subsequent infant mortality. Low
birth welight has been found to be associated, among surviving infants,
with mental and physical growth retardation during subsequent childhood
years. It 18 a continuous varilable which doesn't present special problems
of estimation in a regression format. It would appear amenable to
medical intervention, particularly through the control of the diet of
pregnant women.

The results of regressing birth weight on a group of predetermined
soclo-economic and pregnancy experience variables as well as measures of
prenatal care inputs are reported in Table 1.

In column (a) are reported the results of regresaing birth weight



Table 1 (VII)

WGHT : BIRTH WEIGHT IN GRAMS

Coefficicnts of OLS Regpression Estimatcs
Entire Sample — N=54,280
{t-statistic in parenthesis)

Independent
Variables (a) {b) (c) (d)
AGEMOTH 26.369 21.544 14.638 7.253
(7.80) 4% (6.22)%* (4.55)** (2.25)*
EDMOTH -0.297 0.768 0.546 -0.190
(0.133) (0.86) (0.65) (0.23)
EDFATH -0.616 0.732 2.863 -0.977
(0.53) (0.62) (6.79) (0.90)
LEGIT 99.285 102.593 82.145 56.826
(14.54) %% (14.99) %% (12.9)*% (8.86)%*
RACEN 116.110 ~-123.632 -91.234 -71.682
(19.13)%* (20.21)%=* (16.04)** (12.39)**
FORMOTH 46.184 54.949 53.499 60. 414
(7.44) %% (8.79) %% (9.22)%* (10.42)**
PRMOTH -31.148 -36.702 -28.397 -8.115
(4.15)** (4.89)** (4.07) %% (1.16)
AGEMSQ -0.371 -9.329 -0.204 -0.101
(6.03)** (5.26)** (3.51)%%* (1.74)
CRILDLIV 21.848 21.168 27.449
(9.34)** (9.75)%* (12.62)*%*
TOTLOSS -36.672 -31.313 -32.912
(9.15)** (8.42) %% (8.90)**
FIRST -8.526 -21.242 -23.762
(1.31) (3.52)*%* (3.96) %%
GESTN -8.674 8.375
(27.12)%%* (86.96)**
INTER1 140.207
(8.83)%*
INTER2 ~30. 800

(5.54)%*



Table 1 (VII) Cont'd.

1l

Independent

Variables (a) (b) (<) (d)

INTER3 1.320
{(0.19)

NUMVISIT 13.637

(14.67)%%
R2 0.031 0.035 0.169 0.178
CONSTANT 2720,299 2771.136 462.781 470.766

*Statistically significant at 5% level
**Statistically significant at 1% level
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on a limited number of non-pregnancy specific predetermined varlables.

As in previous regressions, the effect of mother's age is nonlinear -
birth weight rises with maternal age up to age 35.5 and falls subsequently.
This finding is consistent with the generally accepted notion that
pregnancies are at greate; risk as maternal age increases beyond 35

years. The coefficients on the group of characteristic dummy variables
LEGIT, RACEN, FORMOTH and PRMOTH are all significant and consistent with

the demand for care equations.®

However, unlike the case of the previously
reported demand for care equations these significant coefficlents need
not be regarded as Iindicators of our ignorance. Several of them,
RACEN, PRMOTH and perhaps FORMOTH, may be regarded as indicating potential
genetic or biological differences in physiological pregnancy production
processes associated with racial or ethnic differences. Surprisingly,
the coefficients on mother's and father's educatlon are negative and
insignificant. A priori, I would expect posirive significant coefficients
on these variables since (1) mother's education may be regarded as a
measure of reproductive efficiency which should result in increased
birth weights and (2) father's education has been regarded as a proxy
for permanent income and has been shown to be related to the demand for
and use of prenatal care and presumably other pregnancy inputs.

In regreasion (b), the experience variables CHILDLIV, TOTLOSS and

FIRST are entered. Coefficlents on these variables are significant or

nearly so and the signs are as expected. The indication is that

*Note that regressions (a) through (¢) may be interpreted alternatively
as demand, production or outcome equations.
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previous good experience as measured in CHILDLIV tends to repeat itself

in the form of higher birth weights on subsequent pregnancies and that a
history of pregnancy losses is associated with lower birth weights.

Other things equal, therefore it would appear that families are somewhat
Justified in modifying their demand for care during a particular pregnancy
based on their experience with prior pregnancies.

In regression (c)}, gestation age is entered into the equation. 1In
a more complete empirical model of the pregnancy production process
geastation age would be viewed as an intermediate outcome variable similar
to birth weight; however, in the system we are estimating we are forced,
by data limitations on our ability to identify specific relationships,
to choose between estimating functions for either birth weight or gestation
age and have choosen birth weight for reasons detailed more fully in
Chapter 4. Here we note, based on regression (c), that there is a
strong gestation period growth effect on birth weight - the fetus grows
approximately 8.7 grams for each day of gestation.

In regression (d), the variables measuring prenatal care inputs are
entered, INTER1l, INTER2, INTER3, and NUMVISIT. We note that holding
gestation age constant there is a 140 gram increase in birth weight
assoclated with starting care during the first trimester. The gain
aggsociated with starting care during the second trimester falls to 110
grams and is also 110 grams for pregnancies where the initiation of care
is delayed to the third trimester. Thus, the minimal increase in birth
welght associated with any amount of prenatal care is 110 grams - a not
inconsiderable amount when one considers that the traditional upper

bound used to categorize infants as being of low weight is 2,500 grams.
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The coefficient of NUMVISIT indicates that weight increcases approximately
13.6 grams with each visit. Thus the total gain assoclated with a full
comnplement of prenatal care comprising 12 visits and starting In the
first trimester would be 303 grams as compared te a pregnancy withaut
any care inputs. This increment in birth weight is equal to about 12%
of the 2,500 low birth weight-high risk classification marker and about
10% of the mean birth weight for the entire sample.

It is worth comparing the value of the coefficients of the four
maternal characteristic dummies (LEGIT, RACEN, FORMOTH, PRMOTH) in
equation (a) with their value in regression (d) to determine whether the
introduction of the experience, gestation age and prenatal care variables
has an effect in reducing the otherwise apparently largely unexplained
differences between these groups. The coefficient on LEGIT while scill
positive and significant is reduced by 44% primarily due to the importance
of legitimacy status in determining the demand for care. The coefficlient
on RACEN is reduced by about 407 with half of that decrease attributable
to the fact that blacks apparently have shorter gestation periods and
the other half to the fact that they use fewer prenatal care inputs.
Foreign born mothers apparently bear even heavier children than expected,
particularly when account is taken of their lower utilization of prenatal
care inputs. The most substantial effect is on the coefficient for
Puerto Rican mothers. It drops from a highly significant -3]1 grams rto
an insignificant -8 grams. This would indicate that practically all of
the birth weight differential that can be attributed to this ethnicity
characteristic can be explained by differences in the utilization of

prenatal care. Overall 1t would appear that a significant proportion
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of birth weight differentials that have been traditionally attributed to
maternal characteristics such as race or to legitimacy status can be
explained by variations in the demand for care amongy these different
groups. That there are significant differentials remaining even after
taking account of care inputs and the level of individual reproductive
efficiency argues that there are still some important variations to be
explained and that biological differences should be seriously considered

as a possible explanation for certain of these differences.

Infant Deaths

In this section, I present the results of regressing a dichotomous
dependent variable (1 = death) for various classifications of infant
deaths on a group of predetermined socio-economic and pregnancy experience
variables, measures of the level of prenatal care inputs, and intermediate
outcome variables, such as birth weight, intended to account for the
condition of the infant at birth. Regress-onr for three classes of
ocutcomes are presented. In Table 2, the dichotomous dependent variable
is one in the case of an infant death defined as the death of an
infant born alive which occurs at up to one year of age. In Table 3,
the dichotomous dependent variable is one if the death was a neonatal
death, defined as the death of a live born infant within the firsc 28
days of life. 1In Table 4, the dichotomous dependent variable is one if
the death occured during the post—neconatal period, i.e., between 28 days
and one year of age. The sample on which regressions in Table 4 were
run was restricted to only those infants who survived the first 28 days

of life and hence were at risk duriag the post-neonatal peried.



INFANT DEATH:

Table 2 (VII)

Dichotomous Dependent Variable (Dead Infant

Entire Sample, N = 54,280
Coefficients of OLS regrossion Estimates
(t-statistic in parenthesis)

1)

Independent Variables (a) (b) (c)
MOTHAGE -. 0017 -.0012 . 0001
(2.04) (1.51) (.12)
MOTHED ~. 0004 ~. 0003 -.0002
(2.00)* (1.63) (1.16)
FATHED -.0002 -, 0002 . 00001
(.68) (.58) (.04)
RACEN .0079 . 0064 -.0005
(5.45) (4.19* (.38)
FORMOTH -.0024 -.0020 . 0005
(1.64) (1.35) (.34)
PRMOTH -, 0015 -.0031 -. 0012
(.87) (L.66) (.73)
CHILDLIV . 0003 ~.0004 ~. 00004
(.51) (.63) (.08)
TOTLOSS . 0046 .0047 -.0007
(4.86)** (4.99)** (.84)
FIRST -.0033 -.0026 -.0025
(2.15) (1.70) (1.85)
AGEMSQ . 00002 . 00002 -. 00001
(1.62) (1.27) (.54)
MIC . .0021 .0001
(1.63) (.06)
INTER(350) .0001 -. 00003
(9.60)** 2.54)%
NUMVISIT ~.0035 . 0004
(15.15)** (1.90)
NOVISIT .0453* .009i*
(11.51) (2.67)

il



Table 2 (VIL) Cont'd.

1.

Independent Variables @ (b) (c)
1Cu . 0007 .0003
(.59) (.31)
WGHT -.0005
(99.40)**
WGHTSQ L0743
(91.26)*
GESTN -.0009
(11.76)**
LEGIT -.0073 ~. 0044 L0010
(4.54)** (2.66) (.68)
CONSTANT ., 055 .045 .916
2
R . 003 .012 .215

*Statistically significant at the 5% level.

**gratistically significant at the 1% level.
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As discussed in Chapter 4, neonatal deaths account for over 75% of
all infant deaths, occur largely during the first several days of life
in a hospital envirvonmzat and appear to be assoctated with stresses on
the infant associated with the prenatal environment and the birth process,
On the other hand, post-neonatal deaths are largely attributable to
different causes and appear to be significantly influenced by the home
environment into which the infant is introduced after leaving the hospital.
In the discussion that follows, 1 shall concentrate primarily on comparing
and contrasting results for the two classes of death and not on infant
death itself. This 1s partially because I am interested in testing the
hypothesis advanced earlier (Chapter 4) about belng able to evaluate the
value of prenatal care per sc by comparing its contribution to decreasing
neonatal deaths with its effect on post-neonatal deaths and partially
because, to the extent that different variables are alternatively
responsible solely for either neonatal or post-necnatal deaths, their
estimated coefficients in a regresslon for infant death will be biased
toward zero. Therefore, the infant death regressions in Table 2 are
presented as additional information for the interested reader but will
not be discussed below,

Concentrating on the neonatal death regressions presented in Table
3, we note that, in the absence of information about care inputs and
intermediate outcome measures (regression(a)), four predetermined
variables appear to have a statistically significant effect on the
probab1lity of an infant's dying during the neonatal period and that the
signs of these significant coefficients are all as might be expected,

elther because of predictions of the theoretical model or the results



NEONATAL DEATHS:

Table 3 (VIT)

Dichotomous Dependent Variable (1=Dead at less
than 28 days old).

Coetficients of 0LS Regression Estimates
(t-statistic in parenthesis)

Independent Variables (a) {b) {c)
AGEMOTH ~. 0004 -. 00005 . 0012
(.57) (.06) (1.96)%
EDMOTH ~. 0004 -.0003 -.0002
(2.22)* (1.81) (1.31)
EDFATH . 0002 . 0002 . 0003
(.73) (.79) (1.65)
LEGIT ~.0065 -.0040 .0012
(4.62)*% (2.78)** (.93)
RACEN .0053 .0045 -.0022
(46.19)** (3.31) (1.88)
FORMOTH ~. 0009 ~. 0004 .0019
(.73) (.34) (1.72)
PRMOTH ~, 0004 -.0014 .0005
(.28) (.88) (.35)
AGEMSQ .00001 0 -.00002
(.40) (2.12)*
CHILDLIV ~.0004 -.0009 -.0007
(.73) (1.87) (1.54)
TOTLOSS .0039 L0041 -.0012
(G.TH** (4.91)** (1.73)
FIRST ~.0021 -.0014 -.0014
(1.56) (1.08) (1.18)
MIC . 0009 -.0010
(.81) (1.04)
INTER(350) .0001 -.00003
(10.32) ** (3.09)**
NUMVISIT -.0032 . 0006
(15.74)** (3.17)**

1Y
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Table 3 (V11) Cont'd.

Independent Variables (a) D) . (c)
NOVISIT L0447 . 0099
(12.99) ** (3.32)**
ICU . 0004 . 0001
(.43) (.12)
WGHT -.0005
(115.87)**
WGHTSQ L0737
(106.73)**
CESTN -.0003
(12.74)%*
CONSTANT L0272 .0179 .873
_2
R . 002 .011 .266

*Statistically significant at the 5% level

**Statistically significant at the 1% level
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of the estimated demand and birth weight equationé. Thus, mother's
education has a small negative effect on the probability of death while
a history of previous pregnancy losses is associated with an increased
probability of death. 1In fact, the probability of death appears to
increase 29% relative to the mean neonatal mortality rate for each
previous pregnancy loss. Both these effects are consistent with viewing
these varlables as measures of reproductive efficiency. 1Illegitimacy
and being black are associated with a higher probability of death during
this period although as they are also associated with a much lower level
of medical care inputs and low birth weight, it remains to be seen
whether they have any independent effect.

In regression (b), five measures of medical inputs are included in
the regression, MIC, INTER{350), NUMVISIT, NOVISIT, and ICU. Of these
variables only the coefficients on INTER(350), NUMVISIT and NOVISIT are
significant., The signs of the coefficients of number of visits (NUMVISIT)
and the dummy variable standing for no prenatal care visits (NOVISIT)
are consistent with regarding prenatal care visits as productive inputs
into the pregnancy process. Thus each prenatal visit appears to reduce
the probability of death by .003 or 227% of the mean probability while
having no visits increases this probability by .045 or over 300 per
cent.

The sign of the coefficient of INTER(350), a transformation of the
interval to the first visit, appears at first reading toc be contrary to

expectations.* It would appear that thils apparently perverse sign may

*Recall, INTER(350) equals 350 day minus the interval in days
between the date of the mother's last menstrual period and her first
prenatal care visit if she had at least one visit and zero otherwise.
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result from the Iinteraction of INTER(350) and the birth weight and
gestation age variables which are not included i1, this regression. As
we have seen 1n the resulbts reported in Table 1, birth weight, which is
the best predictor of infant survival and condition at birth, depends
critically on the length of the gestation period. It is during this
period that, other things equal, the fetus grows in size and develops
facilities to cope with the external environment. Since INTER({350)
equals zero 1f there have been no prenatal visits, and the NOVISIT
coefficient accounts for the effect of having no visits, its coefficient
can be viewed as a measure of the effect of lengthening the period to
the first visit among those women who had visits. Consider the interpretation
of INTER(350) among those women who delay the first visit until late in
their pregnancy. Some of them will deliver before their first visit and
INTER(350) for them will be zero - the effect of the outcome 1is measured
in NOVISIT. On the cother hand, those who start care late will have
experienced a long gestation period by the time they start. If beginning
care early in a pregnancy does not significantly increase gestation age,
then INTER(350) may be regarded partially as a surrogate measure of
perhaps otherwise high risk mothers who deliver at higher gestation ages
when risk of adverse outcomes are reduced. Hence, long first prenatal
vigit intervals might in an inadequately specified model appear to be

*
agsociated with reduced risk of neonatal mortality.

*In the sample restricted only to those mothers who had at least
one prenatal visit, the simple correlation tetween INTER(350) and GESTN
is .12 - not large, but statistically significant at the 5% level.



The introduction of these care measurcment variables also reduces
the size of the coefficients associated with legitimacy and race. This
is in agreement with the hypothesis advanced above that part of the
substantial effect attributable to these variables is the result of
differences in the utilization of prenatal care assoclated with these
characteristics.

In regression (c), we introduce birth weight (WGHT and WGHTSQ) and
gestation age (GEST). Not surprisingly, they are highly significant
predictors of neonatal death. The probability of death declines with an
increase in gestation age due to the continued time available for the
fetus to mature before birth. The effect of birth weight is nonlinear.
The probability of a neonatal death falls as welight rises and is a
minimum at 3,400 grams. It begins to increase at weights beyond this
point perhaps because of the ifucreased risk of complications at delivery
of extremely large infants.

With birth weight and gestation age in the regression, the coefficient
of TOTLOSS looses significance as do both the ccocefficients of LEGIT and
RACEN. The almost significant negative coefficient on RACEN ig consistent
with some observations that after standardizing for birth weight black
infants have lower mortality rates.

Importantly, from the prospect of testing our hypothesis about the
importance of prenatal care, all three prenatal care variables are
significant. The signs of the coefficients of INTER(350) and NOVISIT
are as expected, indicating that early care is better than late care and
any care is better than none. The positive sign on NUMVISIT is somewhat

unexpected, however, but may Indicate that holding date of first visit,

‘e
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gestation age and birth weight constant, an increase in prenatal visits
is associated with otherwise unaccounted for complications of pregnancy
which result in marginally higher ueonatal nmortality rates.

Interestingly, the coefficient on ICU (baby born in a hospital with
a neonatal intensive care unit) is insignificant despite reports of
substantial success with these units (IOM, 1973). There are several
reasons for believing that this finding 1s not at odds with other reports
of substantial value added in ICU's. One is that a referral network has
developed to shunt high risk mothers into hospitals with this special
facility - hence, the high level of inputs in these unlts is balanced by
the high degree of medical care needed by their patients. Second, a
well developed postpartum transfer network exists within the Cicty to move
high risk infants immediately after birth to designated hospitals which
have these facilities (the ICU variable refers to hospital of birth).
Lastly, over 43% of all births in the City whether at high risk or not
occur in hospitals with these ICU facllities as they tend to be located
in hospitals with large obstetrical services.

Turning our attention to the set of POSTNEONATAL death regressions
reported In Table 4, we note as expected, that different variables are
assoclated with postneonatal deaths than neonatal deaths.

In particular, we note that postneonatal death is consistently
affected by a group of predetermined variables included in regression
(a) whose significance is not materially affected by the inclusion of
prenatal care measures in regression (b) or the condition of the infant
at birth as included in (c¢). Moreover, most of these effects are difficult

to explain within the context of our model. Blacks have higher than



Table 4 (VIIL)
POSTNEONATAL DEATHS: Dichotomous Dependent Variable
(1=Infant dead between 28 days and 1 year
of age)

Coefficients of OLS Regression Estimates

Sample Restricted to Births Surviving at least
28 days——N=53,592

Mean

Independent Variables (a) (b) () Standard Deviation
AGEMOTH -,0013 -.0011 -.0011 25,17
(3.19)** (2.88)*%* (2.75)%* 5.5.
EDMOTH ~. 00001 -.00001 -.00001 10.95
(.14) (.10) (.10) 3.67
EDFATH -.0004 -.0003 -.0003 11.90
(2.69)%* (2.51)% (2.50) 2.60
LEGIT -.0008 -. 0003 -.0001 .79
(1.03) (.37) (.15) A
RACEN .0026 .0019 .0016 .29
(3.68)** (2.54)% (2.19)* .45
FORMOTH -.0015 -.0017 -.0014 .22
(2.08)*% (2.28)* (1.96)* 42
PRMOTH -.0011 -.0018 -.0017 .16
(1.30) (1.98) (1.88) .38
AGEMSQ . 00002 . 00002 .00002 663.68
(2.61)** (2.37)* (2.22)* 300.12
CHILDLIV . 0006 , 0005 . 0006 1.11
(2.36)* (1.95)* (2.14)* 1.48
TOTLOSS .0007 .0007 .0005 .19
(1.44) (1.45) (1.07) .63
FIRST -.0012 ~.0012 -.0012 W41
(1.62) (1.57) (1.60) .49
MIC .0012 .0011 .37
(1.85) (1.67) .48
INTER(350) . 00004 -.00001 234.35

(1.05) (.18) 71.71



Table 4 (VI1) Cont'd.

Mean
Independent Variables (a) (b) {c) Standard Deviation
NUMVISIT -.0003 0.0002 8.02
(2.60)%% (1.49) 3.28
NOVISIT -~,0033 . 0003 .03
(.93) (.08) 17
ICuU .0002 . 0002 .43
(.39) (.38) .50
WGHT -.00002 3195.64
(5.47)** 533.02
WGHTSQ .0027 10.50
(4.75)%% 3.34
CESTN -.00003 278.91
(2.22)* 25.77
CONSTANT .0285 .0279 .0673
-2
R . 002 . 002 .003

*Statistically significant at the 5% level

**Statistically sipnificant at the 1% level
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expected postneonatal death rates but children of foreign born mothers
lower than expected postneonatal death rates. The probability of death
during this period declines with mother's age reaching a low point at
27.5 years and rising thereafter. The reason for this particular pattern
is unclear.

Two findings that appear consistent with the model advanced earlier .
are the finding that father's education, a proxy for permanent income,
is negatively correlated with deaths at this age. This is consistent
with viewing children as a normal good, the demand for which increases
with income. Moreover, the finding that the number of live children in
the home tends to increase mortality iIs consistent with either the
notion that increasing family size strains the resources available per
child or that people who plan on large famlilies consciously plan on
spending less per child - alternatively one could argue that in large
families additional children are "unwanted".

Of particular importance from the view point of testing our hypothesis
about the actual value of prenatal care inputs in producing successful
pregnancies is the finding that the coefficlents of most care variables
which were significant in the regressions for neonatal death are not
significant in the estimated postneonatal death regressions. 1In particular,
in regression (c), we note that although birth weight and gestation age
continue to importantly influence survival during the post-neonatal
period (as well they might as indices of the quality of the infant at

birth), INTER(350), NOVISIT, and NUMVISIT are not statistically significant.
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Chapter VIII - Full Information Maximum Likelihood and Clessical

Least Squares Estimations Compared

One of the most important issues surrounding the finding in the
Institute of Medicine (1973) and other studies of a positive effect
on infant survival of "adequate" prenatal care is whether this finding
is due to a "third" variable. That is, the amount of prenatal care
demanded during an individual pregnancy while not productive in itself
may serve as a proxy for other variables which are important and
statistically may appear to be a good predictor of infant survival.
Candidates for such third variables include the degree of wantedness of
the child, other productive 1inputs such as good nutrition which cannot
be directly measured in vital statistics data but should correlate
highly with prenatal care or even the abllity of the parents to effectively
use the medical care system when necessary.

In Chapter IV, I argue that 1if prenatal care 1is serving only as
a proxy for some third variable such as 'wantedness'" or nutrition,
it should probably serve equally well as a predictor of fnfant survival
during the neonatal and postneonatal period. However, since the value
of medical care recelved bhefore and during birth should be most significant
during the neonatal period, a finding that prenatal care significantly
improved chances of survival during the neonatal period, particularly
holding birth weight and gestation age constant and that prenatal care
was not a significant factor during the postneonatal period, would
serve as strong evidence that prenatal care per se was indeed an input
into infant health.

At the conclusion of the previous chapter (Chapter VII), 1 note
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that, based on the results of OLS regression estimates of functions with
either neonatal or postneonatal death as dependent variables, 1t would
appear that proenatal care is an important input into the production of
healthy infants as measured by their ability to survive the neonatal
period. This conclusion is tempered somewhat by the fact that it is
based on OLS estimating techniques in a situation where the dependent wvariable
is dichotomous., As discussed in Chapter V, many econometricians have
expressed objections to using OLS estimation for these relationships.
Accordingly, estimates of the relationships for neonatal death and
postneonatal death as well as the dichotomous visit/no visit demand equation
were attempted using a full Information maximum likelihood logit estimation
procedure.

Unfortunately, such FIML estimators can only be calculated using
an iterative procedure whose cost increases with the number of observatioms,
the number of independent variables and the number of iterations required
to reach convergence of the likelihood function. It was physically
impossible, as well as potentially enormously expensive, to perform
these estimations on the entire sample of over 54,000 births for the 15 to
20 independent variables under investigation. Accordingly, several
randomly drawn subsamples of manageable size were constructed for these
estimates. In all instances, these subsamples consisted of a random
sanple of 50% of the population with the attribute (NOVISIT, NEONATAL
DEATH, POSTNEONATAL DEATH) and a 47 sample of the remaining population.
Individual observations were weighted inversely proportionately to their
sampling fraction so that subsample means and functional estimates

would reflect the actual population from which the sample was drawn.
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FIML logit estimates were run for each dependent variable on the appropriate
subsample and compared with similarly weighted OLS regressions on each
subsample and unweighted OLS regression estimates on the entire population.
The results of these additional estimates and a comparison of estimated
relationships using different forms of estimation are presented in Table
1 for neonatal death, in Table 2 for postneonatal death and in Table 3
for NOVISIT.

Taken as a whole, the comparisons are somewhat disquieting. There
is little agreement between the FIML estimates and the OLS estimates for
the entire sample. Considering neonatal death first, we note that in
regression (c¢) of Table 1, only birth weight, as measured by WGHT and
WGHTSQ, appears to be a significant predictor of neonatal death. Even
the coefficient on gestation age is not significant. In the OLS regression
on the entire sample, race, mother's age and the measures of prenatal
care as well as gestation age all have significant coefficients whose
signs are as predicted by theoretical and other considerations. Interestingly,
in regression (a) (a FIML estimate) of Table 1 no variable appears with
a significant coefficient although significant relationships have been reported
between race or legitimacy and neonatal death based on contingency tables.
In regression (b) the prenatal care variables are significant with signs
consistent with those reported in the OLS regression in regression (b)
of Table 2, Chapter VII. However, these effects appear to wash out when
birth weight 1is included 1in regression (c).

Comparing the OLS regression on the sample regression (d), with the
OLS regression on the entire population and the FIML estimate on

the sample, we note that for the three variables WGHT, WGHTSQ and GESTN,



Table 1 (VIII)

NEONATAL DEATH: Dichotomous Dependent Variable: Full Information on Maximum Likelihood Logit
Estimates and OLS Estimates Compared

{Skneonatal death /&X in [ ] brackets)

(t-values in parenthesis)

Independent FIML Logit (Subsauple)? OLS Subsample®  OLS Population
Variables (a) (b) (c) {d) (e)
MOTHAGE .0771 .1030 .3374 L0043 L0015
(.32) [.001] (.42) [.001] (1.20) [.00S! (1.57) (2.40)%
MOTHED -.0417 -.0338 -.011" .0001 -.00
(-.76) [-.0006] (=.60) [-.0005)  (-.15) {-.0001} (.14) (1.55)
FATHED -.0235 -.0237 -.0473 ~-.0002 L0093
(-.30) [~.0003] (=.30) [-.0003]  (-.44) [-.0006] (.26} (1.331(
- =13
RACEN .3012 . 2856 -.3317 -.0059 -.0025
(.81) [.004) (.75) [.004) (-.64) [~.004] (1.29) (2,467
LEGIT -.275¢% -.1291 .1687 -.0014 0G5
(-.64) [-.004] (-.29) [-.002] (.28) [.002] (.93) (1.25)
CHILDLIY -.0567 -.1217 -.1855 -.0014 -.00C5
(-.43) [-.0008] (~.88) [~.002] (-1.02) [-.002] (.91) (1.43}
TLOSS .316& .3197 -.1855 -. 0049 -.0011
(1.46) [.004) (1.40) [.004) (-.47) [-.002] (1.10) (1.60)
AGEMSQ -.0014 -.0016 ~.0055 -.00007 -. 00003
(-.32) [-.0002]  (-.35) [-.0002)  (-.99) [-.00007) (1.45) (2.48)
ICU .0882 .0899 0021 Neislodl
(.26) [.001] (.20) [.001] (.53) (.08}

A%



NOENATAL DEATH:

Dichotomous Dependent Variable -~ Cont'd.

Independent FIML Logit (Subsample)@® OLS Subsample? OLS Population
Variable (a) (b) {c) {d) {e)
INTER(360) ~-.0093 -.0005 -.0001 ~. 00603
(2.44)* [.001] (-.10) [-.00001] (1.27) (3.19)**
NUMVISIT -.2693 -.0132 . 0006 .0006
(-3.73)** [-.004] (~.14) [-.0002] (.70) (3.18)""
NOVISIT 1.8590 1.0963 »0070 .0098
(2.12)* [.024) (.88) [.015) (.49) (3.28)%*
WGHTGMS -.0062 -.0003 -.0005
(-4.83)™* [-.00008] (26.43) (115.91)"
WGHTSQ .8664 .0798 L0737
(3.54)**(.012] (24.60)** (106.79)*
GESTN -.1280 --0003* -.0003
(=1.56) [-.0002] (3.35) (12.80)**
Constant -4, 49 -4,96 4. 42
G .270 . 266
X2 4.78 26.37 165.71
N 2656 2656 2656 2656 94,280

*Significant at the 5% level.
*%Significant at the 1% level,

3Weighted regression based on a random sample of 50% of all neonatal deaths and 42 of all other live

births with weights inversely proportional to the sampling fraction.

L3t
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the coefficients in the OLS regression on the sample are identical with
the OLS estimates on the . “tire population. However, the lack of
stutistic: 'ly significant coeflicients In regression (d) on the maternal
age, race, and care variables is mure in keeping with the results of
the FIML estimates in (c¢) and raises the question as to whether the
estimates based on the sample are biased by factors peculiar to the
sample chosen.

The result for POSTNEONATAL DEATH (Table 2) are also incounsistent.
In none of the FIML estimates regressions, (a) through (¢) 1s any
coefficient statistically significant; none of thestzswﬂtistics
associated with the entire estimated equation are significant and in
the case of equation (c¢) the likelihood function did not converge.

The lack of statistical significance is also found in the weighted OLS
regression, (d), run on this same sample for which the overall F statistic
of .50 1s not statistically significant at the 5% level. The OLS

estimate based on the entire sample agaln contains many statistically
significant coefficients whose signs are consistent with a priori
predictions and contingency table analyses by others (Shapiro, Schlesinger,
and Nesbitt, 1968).

This pattern of differences in between estimated relationships of
the same dependent variable obtained by different estimating preocedures
is repeated in the case of NOVISIT (Table 3). Once again, OLS subsample
estimates (regression (d)) bear more resemblance to FIML estimates
(regression(c)) than to OLS estimates on the entire population, and
very few variables have significant or consistent eatimated coefficients

in the estimates based on the gubsample.



POSTNEONATAL DEATH:

Table 2 (VIIT)

Dichotomous Dependent Variable:

Full Information Maximum Likelihoed Logit
Estimates and OLS Estimates Compared

(Rneonatal death/AX in [ ] brackets)

{t-values in parenthesis)

Independent FIML Logit (Subsample)? OLS Subsample? OLS Population
Variables (a) (b) (c) (d) (e)
AGEMOTH -.1912 -.1854 -.1194 -.0009 -,0012
(-.47) (-.45) (-.24) (.45) (2.97)**
[-.0008) [-.0008] [-.0005]
EDMOTH -.0275 -.0308 =-.0274 ~-.0001 00003
(-.29) (-.27) (~.24) (.13) (,24)
[-.0001] (-.0001] [-.0001]
EDFATH -,0802 -.1058 -.1101 -. 0003 —.000;
(-.79) (-.70) (-.72) (.48) (2.21)
[-.0004) [-.0004) [-.0005]
LEGIT -.0779 0490 0027 L0002 -, 0002
{-.11) (-.06) (.003) {.06) (.27)
[-.0004] [-.0002} [.00001])
RACEN .B284 .7598 .6952 .0029 L0024
(1.10) (1.07) (.97) (.90) (3.55)%*
{.003] [.003)] [.003]
CHILDLIV L1484 . 1029 .1029 L0001 .0002
{.55) (.44) (.44) (.08) (2.35)
[.0005] [.0004] [.004]
TOTLOSS . 3485 L2434 L1823 .0008 L0005
{(.55) (.33) (.40) {.31) (1.02)
[.001) [.001] [.0007]

bs!



POSTNEONATAL DEATH:

Table 2 (VIII)

Dichotomous Dependent Variable -~ Cont'd,

Indepdendent FIML Logit (Subsample)® OLS Subsample®  OLS Population
Variable (a) (b) {c) {d) (e)
AGEMSQ .0030 .00275 .0016 .00001 .00002
(.36) (. 36) (.22) (.38) (2.38)*
INTER(350) .0021 .0003 .0000 -.00002
(.29) (.04) (.03) (.20)
[.00001] [.00001}
NUMVISIT -.0743 -.0351 -.0001 -.000
(-.553) (-.26) (.21) (1.40)
[-.0003] [~.0001)
NOVISIT L6747 .5055 .0046 .0004
(.38) (.28) (.45) (.10)
[.003) [.002]
ICY 0407 .0763 .0003 0002
(.06) (.12) (.11) (.37
[.002] [.0003]
WGHT .0014 ~.00002 -.00002
(-.51) (1.15) (5.53)**
{~.00001)
WGHTSQ .1886 .0031 .0027
(.40) (1.06) (4.80)“%
[.0008)

al !



Table 2 (VIII)

POSTNEONATAL. DEATH: Dichotomous Dependent Variable - Cont'd.

Independent FIML Logit (Subsample)a 0LS Subsamplea OLS Population

Variable (a) (b) (c) (d) (e)

GESTN L0055 -, 00003 -. 00003
(-.27) (.40) (2.23)"
[-.00002]

Constant =-1.4205 -1.5629 1.6467 L0653 0677

(-.27) (-.29) (.98)

G - - - .0035 .0034

F - - - .50 11.45°

N 2288 2288 2288 2288 53592

x2 4.39 4.98" 5.97 - -

Iyl



Table 3 (VIII)
NOVISIT: Dichotomous Dependent Variable:

(A NOVISIT /A X in brackets [ 1)

(t-statistic in parenthesis)

Estimates and OLS Estimates Compared

Full Information Maximum Likelihood Logit

. OLS OLS
FIML Logit (Subsample) Subsample@ Population
Independent Variable (a) (b) (c) (d) (e)
AGEMOTH -.0410 -.1895 -.1831 -.0073 -.0068
(-1.96) {(-1.30) (-1.24) (1.55) (6.28)**
[-.001} [-.006] [-.006]
EDMOTH ~-.0202 -.0123 -.0104 -. 00002 -.0006
(-.77) (-.31) (-.26) (.01) (2.20)%
{~.001] [-.0004) [-.0003]
EDFATH -.1147 -.0886 ~.0927 -.0018 -.0015
(=2.33) . (-1.76) (-1.82) (1.06) (4.01)7%%
[-.004] [-.003) {~.003]
RACEN .2390 .0927 0540 -.0031 .0052
(.83) (.31) (.18) (.34) (2.50*
[-.008] r-.003} [.002]"
LEGIT -1.1883 -1.089 -1.1114 -.0473 -.0399
(~4.56) (~4.05) (<4.07) (4.78)** (18.69)**
[.038]** [-.035]** [~.036]%*
PRMOTH .6454 .5481 .5393 .0238 .017¢
(2.14) (1.77) (1.71) (2.08)* (7.29)
[.021] [,018] [.017]
CRILDLIV .0304 . 0880 .0032 .0107
(.09) {.24) (.25) (4.71)%%
[(.001] [.003}

4/



NOVISIT: Dichotomous Dependent Variable - Cont'd.

OLS OLS
FIML Logit (Subsample)2 Subsample? Population
Independent Variable (a) (b) (c) (d) {e)
ZLOSS -.6922 -.0897 -.0026 .0078
(-.64) (-.07) (.08) (1.14)
[-.022] [-.003]
AGEMSQ .0018 .60161 .0001 .0001
(.64) (.58) (.98) (4.50)**
[.0001] 1.0001]
TBO . .1886 .1393 .0051 -.0028
(.61) (.43) (.46) (1.44)
{.006] [.004]
FIRST -.2979 -.2938 -.0068 -.0020
(-.90) (-.89) (.67) (.92)
[.010] [-.009]
MIC .1263 . 0034 .0092
(.48) (.38) (4.62)7*
[.004]
LAST -.7653 -.0170 -.0097
(-1.01) (.85) (2.25)"
[~.024)
CLINIC -.0002 -. 00001 -.0001
(-.84) (.88) (3.99)**
[-.0001]

bl



NOVISIT: Dichotomous Dependent Variable - Cont'd.

OLS OLS
FIML Logit (Subsample)? Subsample? Population
Independent Variable (a) (b) (c) (d) (e)
Consatant -.2709 1.6023 1.6366 .2109 .1872
(~.34) {.83) (.83)

Rz . 026 .028

N 2593 2593 2593 54,280

x2 61. 64** 72.96%* 74.87%%

*Significant at the 5% level.

**significant at the 1% level.

3Weighted regression based on a random sample of 25% of births with no prenatal visits and 4% of

births with weights Inversely proportional to the sampling fraction.

b/
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Overall, it is difficult to know how to interpret these findings.
The FIML estimation program utilized in these experiments was developed
to be used on much smaller bodies ol daba than were available in this
study. Although advocates of this FIML loglt appreach have marshalled
sophisticated mathematical arguments to support its use rather than
classical OLS in the case of dichotomous dependent variables, I know of
no study which either through calculation or Monte Carlo techniques has
demonstrated the added value attributable to the FIML approach when data
sets are very large. Moreover, it is not clear that it is desireable to
substantially reduce the size of large data sets so that FIML iterative
estimation procedurea can be applied rather than use some form of OLS on
the entire population. In fact, in discussing whether one should attempt
to apply generalized least squares rather than OLS to at least adjust
for heterscedasticity, Feldsteln (1966) notes that the '"gain in efficiency
does not justify the additional calculations'" (his sample is nearly
17,000) but gives no evidence for this statement.

Before closing this section on this completely uncertain note, I
should like to address the question as to whether peculiarities in the
subsample could have been responsible for these inconsistent results.
There doesn't seem to be any reason a priori to assume that the sampling
procedure was at fault. In fact, comparison of the actual coefficlents
in the OLS regressions on the subsamples and the entire population
indicate frequent similarities between the size and sign of the estimated
coefficients even when these coefficients are not statistically significant
in the regressions on the smaller sample. Moreover, it should be noted

that the technique of over sampling observations with the rare cutcomes
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such as was done in constructing these samples 1is fairly common practice

in infant mortality studies. In fact, Feldstein (1966) uses data from

a British Perinatal Mortality Survey {Bucler and Bonham, L963) whoerein

data on live births was obtained for births occurring during a single

week while perinatal death observations included deaths occurring during

a three month period - the data was then welghted inversely proportionately
to the sampling fractions. Similar procedures are followed in constructing

national U.S. infant death surveys.
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Chapter IX - Conclusion

We began this study by noting that infant mortality rates have
traditionally been used as Indices of the health status of designated
population groups and that because the U.S. had in recent years lagged
significantly behind other developed nations in the reduction of infant
mortality, concern had been voiced about the U.S. health care system
and policies recommended to increase resource outputs in an effort to
reduce infant mortality in this country.

In Chapter 2, it is demonstrated that measured infant mortality
rates depend not only on health status but also on the demand for
children and the extent to which biologically ill equiped mothers
attempt to replace unsuccessful pregnancies by repeated conceptions.

In Chapter 3, we broaden the family's decision possibilities and consider
not only the reasonas why people might continue to have additional
pregnancies in the face of a record of pregnancy losses but also how
decisions on prenatal care and other pregnancy inputs might be determined
rationally by family income/experience with previous pregnancies, completed
family size and the degree of '"wantedness" of the child. These factors

are explored ewmpirically in Chapters VI through VIII.

Beginning at the end let us consider the results of the experiment
proposed in discussing the empirical formulation of the wodel that if
prenatal care inputs favorably effect neonatal survival and not postneonatal
survival then we shall consider this as evidence that care "matters".

The evidence of the OLS estimates does bear this hypothesis out although
the mechanism through which care works remains unclear. The estimated

coefficients support the notion that some care and probably early care
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is better than no care but it is difficult to determine what level of

care is optimal and how should it be delivered. The birth weight

regressions suggest that care also significantly and subhstantially

increases birth weight - although in this case the possibility of a

proxy such as maternal nutrition should be kept in mind. Additional

support for the value of care is8 found in the fact that inclusion of

care variables in the regression equations substantially reduces differentials
in infant death and birth weight attributable to racial or ethnic

differences or legitimacy status.

The estimated demand equations to the extent to which they are
consistent with the theoretical model suggest that decislons about seeking
care are approached rationally by individuals. Families with a history
of unsuccessful pregnancies seek more care than those who have experienced
more success In previous pregnancies. It is difficult to distinguish
the effect of learning from experience from a "wantedness" effect -
although it would appear that advocates of hypothetical "wantedness"
effects will have to be more careful about defining their terms before
a meaningful test can be made of that hypothesis.

If one accepts the conclusion that prenatal care can be of substantial
value in improving infant survival, it is distressing to note the
large differentials in the demand for care observed among different
ethnic and racial groups which cannot be explained away by other
factors. Thus the finding that black and Puerto Rican mothers receive
substantially leas care, primarily because they start later, is of

concern because they would probably be less likely to receive a full



complement of care anyway based on thelr other characteristics. The

same is particularly true of illegitimate mothers who as a group are
least likely to receive any care and amung those who receive care,
receive the least care. The rising trend of illegitimacy in this country
over the last two decades argues that this problem may become more
serious ia the future.

Lastly, like the negative utilization effect measured for blacks,
Puerto Ricans, and 1llegitimate mothers, the negative sigﬁificant signs
on the Maternal and Infant Care Project variahbles give cause to reassess
these programs. These programs have been established in areas where the
characteristics of the population would have resulted in very low levels
of care utilization anyway. One would have thought that at the least
the MIC programs would have provided these high risk mothers with a level
of care equivalent tc that obtainable by similar women elsewhere in the
city. Before one can fairly evaluate these programs, an attempt
would have to be made to review the resources these programs have at
their disposal and balance the cost of individual projects against the
benefits that they may provide to their targeted populations.

Two closing caveats are in order. One is that the empirical work
in this study 1s based on data from the period immediately before the
legalization of abortion in New York City and subsequently nationally.
It would appear that validation of many of the empirical results using
post-abortion data would be in order. In fact, the impact of abortion
on the demand for prenatal care and infant survival would be worthy of

study in itself and might help shed some light on the debate concerning



the desirability of legalized abortion. Whether or not the theoretical
model needs to be rethought is unclear; however, I would expect that to
the extent to which post legalization data reflected decisions about
pregnancy and care that were more predictable (and hence contained less
noise), a model based on rational utility maximization should be of more
utility in explaining bebavior in this often emotionally charged area.
The second caveat is concerned with the failure of the FIML
logit estimates of the outcome equations to agree with the OLS estimates.
Most of the preceding discussion is based on the tacit assumption that
the experiment performed on the prenatal care variables as reflected
in the OLS estimations 1s valid. If one examines the FIML cstimations,
one finds little support for the conclusion that prenatal care has
value per se, although there is nothing in those results to contradict
this result. Aside from drawing attention to the failure of these two
estimation techniques to yield results consistent with one ancther, 1t is
beyond the scope of this study to examine the reasons for this lack of
agreement. Recently, econometricians {(Nerlove and Press, 1973) have come
out strongly for FIML logit estimators an it appears that economists
are increasingly going to have to be concerned with dichotomous or even
polytomous dependent variables (Quigley, 1976). At the same time,
economigts have increased access to and will probably make Increased
use of large microdata sets. The use of iterative FIML estimation
techniques on these data sets is usually expensive 1f not prohibitive.
Increasingly, econometriclans who have demonstrated the theoretical

superiority of FIML techniques are going to have to deal with the



economic question as to the circumstances under which the imprevement

in the results justify the added cost of these techniques. Of course,

this is but a varlarion of the question basic to economics as a

discipline.

2o\
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Appendix A: Relationship Between the Distribution of Reproduceive Efffciency
and Measured Infant Mortality Rates

In this appendix, 1 shall demonstrate by simple examples the
mathematical difficulties encountered in attempting to predict the
expected relationship between E(pic) and the moments of the distribution
of pj in a given populaticn group. In particular, under several very
1imiting assumptions, it 1s possible to predict tie direction of the
relationship between E(pi) and E{plc) but the samue doea not hold for the
relationship between the variance of p,(,pz and E(pjc).

E{py) and E(plc)

For certain "smooth" or '"regular' movements in E(pi), it 18 possible
to say something about the expected change in E(plc). Consider the

following aimple example:

Let ug approximate E{(pj) by

X ZPifi* (1)
and E{(p|lc) by

E(plc) as —i-— (2)

pRL
Py
We do not lose any generality by asauming all py's (O _4-. P1 _4:.. 1) fixed

and l:hat/n.p changes by varying the f{'s., We can increase/.p as follows:

increase fy by & so that f. = fi + A

now since if:l = 1 there must be at least one fJ = fj - A

when pj £ pk,/.l.) will increase by A (pk - pj)’
£y

Now, in the case of E{(plc), Z'p_ will change by -A + 9—
i Py k

but Py € Py, therefore

Afi- - 1 \<o €)

*Throughout this appendix all sums are over all { such that 0L pi_d_ 1)
and will be denoted simply by ¥ .



oD
£1 1
and z; will decline but E(plc) = ;] will increase. If all
i —
Py

changes in E(py) are of this nature then E(pi) and E(plc) will be

positively correlated.

612 and E(p c)

Unfortunately, even the simplest change in the variance of p will
not yield predictable changes in E(pfc). Consider the following
example of a change 1In 0;2 when E{py) =/Al-) is held constant. By definition,

Tp - (Toins) - o
but/-p is held constant and the pi's are fixed (0 4 Py £ 1) socj'l;2 can
only change by varying the f;'s as above such that

A - aH7 o (2)
where pk) pj, however, the situation is not as straightforward as
previocusly since 251 =1 and}.b is being held constant.

The simplest way to satisfy these two conditions is to partition
the change in the f;'s, 4 , as follows

A =~ al+ (1-a)A (3)
{(so that zfi = ] ig maintained) and
Ap, = atp, + (l1-a)p, (4)

where p, & py( P, (so0 that/up is maintained congtant) therefore 1if



2 "
o‘p is to increase when fy = fy + A then

p,2 < ap 2 + (1-a)p,? . (5)

£y
Py

What can we say, in this case about r the denominator of

E(plc)? We note first that the condition t:hat:,.,.,p is constant, (4),

f
translates into a change in Zﬁi consisting of + ,pQ_ and
i y

- (%_é + LE;L)_Q.) dividing through by A and gathering terms only yields
X z

+ (1-3)
Change in (zf_j; = 1 _ apz ( Py (6)
Py Py PzPx
£i
which could result in Be elther increasing, decreasing or remaining
i

unchanged. The result is ambiguous because

(a) Py > PzPyx (note py > py and 17 p,, so py * 1 = py 7 pypy) and

(hb) 1 7a|pz + (l-a)p, (note that even if we allow p, =1, its
largest possible value this inequality would still hold for if ap, + (l-a)p, =1
and p, = 1, this implies a + p,(1-a) =l or 1l - p, = a(l—px) which £s
true only if a = 1 but a € 1).

Nor does (5) impose any constraint on the sign of (6). Note that
(4) and (5) together require only that

px2 + p227 PxPz - (7

Now 1f we let (6) egual zero (no change in E(p)c)) then

%—— ap, + (1-a)px ., (8)

Yy z"x
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p Py = pylap, + (1-ajpy (9)

substituting from (4) for py vields

PyP, = (apy + (1-a)p,)(ap, + (l-a)p,) (10)

multiplying out both sides of (10) and gathering iike terms yields

2 2

2psz = p + p, (11)

X

which is perfectly compatible with (6). Moreover, if we changed the
equal sign in (8) to > or { a similar change would occur in (11). In
elither case this would be compatible with (6). Sc that it would appear
that the relationship between E(p]c) and 67;2 would be largely
unpredictable except for very specifically defined changes in the
underlying distribution of p.

Empirically, this lack of predictability could easily result in
a failure to uncover a statistically acceptable relationship between
measured mortality rates and the moments of f(pi). Consider the above
example regarding C7p2 and E(plc). If we examine the distributions of
p for two population groups, say FI and F2 where /‘i = M5 and
o—2pl,i o}pz then even if we could decompose all differences
between Fy and F2 as above In (5), it is concelivable that some of the
differences could reduce E(plc) and some increase E(pic) for distribution
Fy. Therefore the net measureable effect on E(plc) of moving from
distribution F, to distribution F2 could well be zero, although individuals

1
may be behaving in accordance with the implications of hypothesized

replacement behavior. )
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Appendix B: Sources of Data

Primary data for the regression estimates of the demand for care
and pregnancy outcome were contalned on unedited data tape listings of
birth and linked infant death-birth certificates supplied to me by the
New York City Department of Health. The data on the tapes represented
all births re gistered in New York City in 1970 ou a single tape and on
two additional tapes, linked birth and death records for deaths occurring
in either 1970 or 1971. Deaths occuring in 1971 were required because
of the possibility that infants born in 1970 could have died in 1971.
These data sets were merged to create a single birth-death tape representing
all births to New York City residents durlng January to June 1970 and
all infant deaths corresponding to these births occurring within a
year of birth (through June 1971).

Data on hospitals with neonatal Intensive care units was obtained
by telephone inquiry of individual hospitals who had births in 1970
recorded on the tape. Information on clinic hours and location as well
as about MIC project facilities was obtained from the New York City
Bureau of Maternity Services and Family Planning. Information about the
number of obstatrician/gynecologists practicing in a given Health District
was obtained from a special unpublished survey provided by the Health

and Hospital Planning Council of Southern New York, Inc.
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