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PREFACE
 

This report summarizes research completed for the Office of Popu

1lationj Agency for International Development, and related research 

supported by a grant from The Rockefeller Foundation for the study of
2 

the economics of fertility determination and family behavior. For 

specific detail the reader may consult the six other reports prepared
 

under the AID contract and other related Rand population studies. The
 

report addresses two separable but related topics. The first four sec

tions review some of the emerging elements of a theory of fertility
 

determination and survey the growing body of empirical evidence bear-


The last three sections consider the techniques
ing on this approach. 


used to evaluate family planning programs, and indicate how a theory
 

of fertility may be adapted to improve the evaluation of population
 

policies.
 

This survey was initiated while the author was at The Rand Corpo-


It draws on earlier research supported by The Rockefeller
ration. 


Foundation, contract NIH-71-2211 from the Center for Population Research,
 

National Institute of Child Health and Human Development, and contracts
 

IT. P. Schultz, Evaluation of Population Policies: A Framework
 

for Analysis and Its Application to Taiwan's Family Planning Program, 
Sloan, Survival of Progeny in DevelopingR-643-AID, June 1971; F. 

Determinants of FamilyCountries, R-773-AID, July 1971; J. DaVanzo, The 

Formation in Chile, 1960: An Econometric Study of Female Labor Force
 

Participation, Marriage, and Fertility Decisiois, R-830-AID, December 

1971; W. P. Butz, Research and Information Strategies to Improve Popu

lation Policy in Less Developed Countries, R-952-AIDg February 1972; 

K. M. Maurer and T. P. Schultz, A Population Projection Model: Des

cription of a Computer Program and Illustrations for Its Policy Appli

cations, R-953-AID, June 1972; K. M. Maurer, R. Ratajczak and T. P.
 

Schultz, Marriage, Fertility and Labor Participation of Thai Women: 

An Econometric Study, R-829-AID/RF, April 1973. 

2Y. B. Porath and F. Welch, Chance, Child Traits, and the Choice 

of Family Size, R-1117-NIH/RF, April 1973. T. P. Schultz, Disequi-
Taiwan 1964librium and Variation in Birth Rates over Space and Time: 


1969, R-1079-RF, Septembe: 1972; D. N. DeTray, The Interaction Between
 
An Economic Analysis,
Parent Investment in Children and Family Size: 


R-1003-RF, April 1972; D. J. O'Hara, Changes in Mortality Levels and
 

Family Decisions Regarding Children, R-914-RF, February 1972.
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SUIOMAY
 

The past search for policy options to cope with rapid population 

growth mirrors a natural but nonetheless one-sided technocratic view 

of what is essentially a social problem. It seems far simpler to pro

mote a better birth control technology than to learn why parents want 

the nmnber of children they do and be prepared to promote the desirable 

social and economic changes that will modify those reproductive goals. 

For example, expenditures on family planning that seek to lower the 

supply price of modern birth control technology, reducing the cost (pe

cuniary and subjective) of restricting fertility, is a widely approved 

policy response. Alternatively, expenditures on, say, public health and 

nutrition programs that seek to reduce child death rates, contributing 

to a downward shift in parent demand for numbers of births, is thought 

to be a counterproductive or at best a controversial policy strategy. 

Both sets of policy options--the "supply" and "demand" sides---need fur

ther elaboration and quantitative study to enable decisionmakers to
 

select an equitable and efficient mix of family planning and develop

ment policies for each social setting.
 

This report surveys the first generation of theoretical and empiri

cal research on the determinants of parent demand for children. A
 

large fraction of this literature was first published as Rand reports
 

and papers. The pragmatic question discussed here is the strengths and
 

shortcomings of the state of the art in economic analyses of fertility
 

determinants. Efforts to view ffortility as a response to time and re

source constraints and market determined exchange prices have begun to
 

yield a substantial and largely consistent literature of empirical in

vestigations. Section II outlines the evolution of this framework for
 

analyzing fertility, and Section IV evaluates the estimated magnitude
 

and importance of several of the apparently causal relationships assumed
 

by this framework. Section III briefly reviews the problems of statisti

cally modeling reproductive behavior and estimating model parameters.
 

In Section V it is argued that if the evaluation of population policy
 

interventions is to become a more precise science, analysis should focus
 



on fertility and not contraceptire*!services, and that the adopted sta

tistical models must allow for the concomitant changes in the society 

that are independently responsible for evolving patterns of reproduc

tive behavior. One set of such changes that influence reproductive 

goals and performance are the fertility determinants stressed in the 

demand model of fertility reviewed here. Consequently, if family plan

ning programs are evaluated only in terms of their capacity to provide
 

contraceptive services, the record of program effectiveness may not
 

accurately portray the program's impact on fertility. To show that
 

this is a real possibility, Section VI summarizes the empirical re

sults from a various evaluation studies of the Taiwan Family Planning
 

Program. Significantly different policy recommendations follow from 

the different evaluation methodologies. This result is instructive
 

for the future design of information systems and evaluation strategies
 

in the field of family planning. The final section considers how the
 

demand approach to fertility determinants might help in the future to
 

choose among broad types of policy interventions to slow population 

growth as well as aid in evaluating their individual effectiveness. 
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I. INTRODUCTION
 

There are many explanations to describe why human fertility varies
 

from one society to another and among different groups or individuals 

within the same society. Attempts to identify and measure the factors 

that affect fertility and hence to discriminate among competing causal 

hypotheses have not been notably successful. This lack of knowledge is 

both a source of embarrassment to social scientists and an obstacle to
 

the strategic formulation and tactical evaluation of population policies
 

throughout the world.
 

This report describes an economic framework for interpreting vari

ation in reproductive behavior. The approach holds promise of account

ing for factors affecting fertility, especially those that might be
 

influenced by public policy, and of relating these factors consistently
 

to other important forms of household decisionmaking such as labor force
 

participation, marriage, and savings. Unlike many other areas of house

hold nonmarket choice, the number of children a couple has is readily
 

measured. Recent progress in extending economic analysis to the study
 

of fertility has clarified many issues, but the field remains in a
 

state of flux. For the economic approach to yield empirically refut

able propositions, a number of specific assumptions must be imposed
 

upon it. At this time, however, it is unclear which set of assumptions
 

least impairs the model's realism.
 

In many fields of applied economics, the phenomena studied are
 

simpler and more purely economic in nature, whereas the appropriate
 

adaptation of the constrained decisionmaking model to the study of dif

ferential fertility is likely to rely more heavily on accumulating em

pirical evidence and the interdisciplinary exchange of ideas. But to
 

have meaning, facts must be collected and studied within a coherent
 

and appropriately designed framework. A satisfactory statistical meth

odology for studying fertility determinants is, therefore, almost as
 

important as the conceptual framework that emphasizes the role of re

source constrained choice.
 

Section II describes the central theoretical elements of a demand
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theory of fertility and discusses some of the as yet unsolved problems
 

Section III briefly discusses the statistical
with'this approach. 


methods needed to verify and elaborate this framework. Empirical evi

and time series studies in low- anddence from both cross-sectional 

Sections V and VI
high-income countries is summarized in Section IV. 


discuss the application of a theory of fertility to evaluate population
 

first comes a review of the specific problems that arise
policies: 


when family planning program effectiveness is estimated without experi

mental data or a theory of fertility; and second, from studies of the
 

Taiwan Family Planning Program, comes an indication of why different
 

evaluation methods appear to produce significantly different policy
 

The final section considers the overall policy imrecommendations. 


plications of the demand approach to fertility determinants.
 



-3-


II. OUTLINE OF A DEMAND THEORY OF FERTILITY
 

If variation in fertility across individuals and groups were a
 

purely random phenomenon, a theory of fertility would have little
 

point. But the widespread consensus is that two sources of systematic
 

variation in fertility warrant a place in any theory of fertility
 

determination--biotogical factors that constrain the reproductive pro

cess and determine fecundity or the potential supply of births, and
 

conscious and inadvertent differences in behavioral factors that modify
 

the extent to which the biological maximum is realized.
 

For the policymaker, the more interesting factors affecting fer

tility are those that can be influenced by administratively and politi
1
 

cally feasible policies. Factors that can be plausibly linked to
 

policy instruments are very poorly understood, such as how public pol

icy affects child mortality or the age at which children leave school
 

and first enter the labor force. Any manageable and illuminating rep

resentation of the complex process determining fertility must neglect
 

many facets of the problem. Hopefully, these omitted factors are not
 
2
 

correlated with the analyzed factors nor with each other, so that their
 

'For example, more analytical attention might be given to the
 
relationship between the educational attainment of parents and their
 
fertility than to the relationship between desired family size and
 
fertility. The former relation is subject to obvious policy instru
ments and can be projected accurately for a cohort as it ages; the
 
latter relation is not yet reliably affected by policy options and has
 
not, to my knowledge, been projected for a cohort with great precision.
 

21n formulating a simple statistical model from a complex concep
tual model, it is often assumed that the many omitted and frequently 
unobserved factors are independent of each other and therefore their 
sum may be assumed to approach a normally distributed random distur
bance in the model to be estimated statistically. It should not be 
surprising therefore that it is possible to account for a larger frac
tion of the differences in average reproductive behavior across groups 
because these stochastic elements cancel out and the systematic fac
tors appear to "explain" more of the aggregate variation in fertility. 
Conversely, it is more difficult to account for the reproductive be
havior of individual families, for a larger share of the variation in 
fertility will stem from purely random factors and the systematic fac
tors will "explain" a smaller share of the observed variation in 
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neglect need not distort interpretation of empirical evidence on the
 

responsiveness of fertility to observed group and individual charac

teristics implied by the economic framework as determining reproductive
 

demands. Two broad classes of factors that are neglected in most eco

nomic analyses of fertility are systematic differences1 in reproduction
 

associated with fecundity and "tastes," discussed below.
 

BIOLOGICAL CONSTRAINTS ON FECUNDITY
 

In most contemporary societies most parents can have the number
 

of children they desire without being constrained by the biological
 

limitations of their fecundity. Undoubtedly there have been historical
 

periods when a majority of parents failed to rear to maturity the num

ber of children they wanted, perhaps because of severe child mortality.
 

But in high-income countries and in most low-income countries as well
 

these conditions no longer exist. Child mortality has been falling
 

for two decades or more, and evidence from both anthropology and soci

ology suggests that most parents in these countries have for some time
 

exercised individual choice or adopted social conventions to limit their
 

reproductive performance. There are also historical instances when
 

the spread or control of specific diseases may have affected fecundity,
 

such as in certain of the Pacific Islands in the 19th and 20th centu

ries (Pirne, 1972). But such cases are always difficult to document,
 

and are often transparent means for denying the importance of elusive
 

fertility. Appropriate tests of statistical significance, therefore,
 
are not explanatory power (i.e., R2 ) but the magnitude and sign of
 
estimated coefficients (i.e., effects) relative to their standard er
rors, or asymptotic standard errors where simultaneous equations or
 
nonlinear estimation technique, are required to obtain consistent esti
mates.
 

1Systematic differences 'Tefershere to differences in fertility 

that could be predicted on the basis of obtainable information and 
estimable models. Certainly a substantial fraction of the variability 
in individual reproductive behavior is in no sense systematic or pre.
dictable, resulting from truly stochastic parameters to underlying 
biological processes, and perhaps equally random vagaries of individdul 
human behavioral response to the same conditioning stimuli. 
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I
 

behavioral factors in the control of fertility. Although the relative
 

importance and effectiveness of individual and societal modes of repro

duction control are as yet unclear, it is well established that bio

logical constraints on fecundity are today relatively unimportant in
 

accounting for systematic differences in fertility, except perhaps
 

across societies with very different standards of living or endemic
 

disease (Freedman, 1963; Ryder, 1967).
 

Moreover, it is extraordinarily difficult to separate empirically
 

the biological and behavioral components of the reproductive process.
 

For example, the biological capacity to give birth varies systemati

cally with a woman's age. The proportion of women biologically in

capable of childbearing appears to increase gradually from age 20 to
 

40, and increases sharply thereafter. By the time women reach age 50,
 

In studies of several cohorts of noncontravirtually all are sterile. 


cepting women of proven fecundity (i.e., they subsequently had children)
 

intervals between births are observed to increase gradually from 24
 

months for women in the 20-24 age group to about 31 months for the 35

39 age group (Henry, 1966). Thus, both the probability of being in

capable of bearing a child and the interval between births, on average,
 

appear to increase with age.
 

The analytical problems of empirically separating the biological
 

and behavioral components of the reproductive process arise because
 

the onset of sterility and the spacing of births may also be influenced
 

by diet, general health, prevalence of specific diseases, and prior
 

It is widely believed that
childbearing and breast feeding patterns. 


the time between a birth and the onset of ovulation depends on the
 

Since some of these secondduration and intensity of breast feeding. 


ary biological effects, holding age constant, can be behaviorally in

fluenced by social custom or individual choice, observed differences
 

in fecundity might partly reflect differences in desired fertility that
 

1Farley (1970) is surely open to this interpretation, where the
 

economic depression is played down as a possible cause for the drop
 

in U.S. Negro fertility during the 1930s, whereas the spread of vene

real disease is emphasized as the probable explanation (pp. 215-235).
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,could be accounted for within a behavioral framework. The distinction
 

'between biological and behavioral determinants of fertility is thus a
 

difficult one to draw, in practice, except where the conditioning fac

tor is clearly exogenous, such as with age. .
 

Although much work'is under way characterizing the biological de

terminants of fecundity, there is, as yet, no consensus on how lacta

tion practices, diet, or a mother's health affect the duration of ste

rility she experiences after a birth, her subsequent rate of conception,
 

and fetal mortality. Moreover, the values of parameters used to des

cribe the most interesting relationships in the reproductive process
 

have often been based on small sample clinical studies,that leave much
 

to be desired. Only recently have such parameters is, for example,
 

those linking lactation to intervals between birt1is, been estimated
 

satisfactorily within the context of an explicit stochastic framework.
 

These findings have not yet been verified for different populations.
2
 

The weak empirical foundation for fecundity models is undoubtedly
 

related to the complexity of the pertinent biological processes, but
 

it is also a function of the scarcity of longitudinal analyses of in

dividual reproductive histories and the likelihood that these studies
 

are contaminated by induced "behavioral" variation in reproductive

3
 

performance.
 

IA mother can vary her lactation practices, depending upon her
 
desired rate of conception. This decision may also influence the in
cidence of child mortality among her infants, for mortality is some
times more frequent among those weaned before the second year of life
 
(Wyon and Gordon, 1971). Also the incidence of pregnancy wastage is
 
clearly affected by a woman's regime of work, diet, etc.; and differen
tial spontaneous abortion, miscarriage, and stillbirth rates probably
 
reflect more than purely stochastic variability (Freedman and Coombs,
 
1966; James, 1969).
 

2Jain's (1968) dissertation develops a stochastic model of human
 
reproduction and estimates for a sample of Taiwanese women the effect
 
on fecundity of socioeconomic factors, holding constant (approximately)
 
for duration of lactation. (See also Jain et al., 1970; Schultz and
 
DaVanzo, 1970.) Studies of child mortality have also begun to use in
dividual survey data and more persuasive methods of multiple regres
sion, for example, Shah and Abbey (1971).
 

3Unfortunately, longitudinal histories that include the necessary
 
demographic, economic, and biological/nutrition/health information to
 
estimate such a model are still uncommon (Butz, 1972; Butz and Schultz,
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In sum, important differences in biological fecundity are associ

1
ated with the aging process. Within age-stratified groups in a given
 

society, differences in a woman's fecundity can stem either from factors
 

that are beyond her control, such as regional health conditions, or
 

from factors over which she has greater control, such as prolonged lac

tation or induced abortion. If the former uncontrolled factors are
 

independent of the environmental variables that will later be inter

preted as the determinants of the demand for children, the neglect of
 

these determinants should pose no 6.tatistical problem in analyzing fer

tility as a demand determined process. Moreover, as fecundity becomes
 

an ever less frequently binding constraint oo women having at least
 

the number of children they want, and birth control technology reduces
 

the cost and inconvenience of curbing excess fecundity, the demand 

framework should account for an increasing share of systematic varia

tion in completed fertility.
 

DEMAND AND THE ROLE OF TASTES 

Reproductive behavior is often associated with a parent's socio

economic characteristics. These empirical regularities might be at

tributed to differences in the number of children preferred among
 

1972; Schultz and DaVanzo, 1970). Theoretical work in this direction
 

is being undertaken by Robert Michael and Robert Willis at the National
 

Bureau of Economic Research to gain a better understanding of the de

terminants of contraceptive behavior. Their investigation is proceed

ing in the tradition of Sheps and ?errin (1963), Sheps (1965), Henry
 

(1972), and Mencken and Sheps (1973).
 
1Age in a cross section is also associated with birth cohort ef

fects and will tend to capture time variant determinants of fertility
 

that are omitted or measured with systematic error in a predictive
 

Willis (1973), for example, includes a quadratic in age when
model. 

he considers in one regression equation the number of children ever
 

born to currently married U.S. white women in 1960 between the ages of
 

35 and 64 (Table 2, S50). The quadratic in age accounts for part of
 

the cycle in cohort fertility associated with the baby boom. But what
 
"economic" determinants ofis more interesting, the inclusion of three 

desired fertility (measured contemporaneously) in the regression equa

tion does not modify greatly the explanatory role of the quadratic 
in
 

age. These results reinforce evidence from other sources that the
 

broad aggregate time trends in fertility are not yet adequately 
ex

plained by available evidence assembled in the microeconomic 
framework.
 



socioeconomic groups of parents. Parents derive intangible rewards
 

and in some cases pecuniary transfers from their children, and dif

ferences in a parent's evaluation of these returns are undoubtedly
 

responsible for a part of cross-sectional and time series variation
 

"in fertility. The importance of "tastes" in determining desired fer

tility is thus widely recognized (Easterlin, 1969), but the operational
 

significance of this interpretation is rarely made explicit. To the
 

economist, tastes differ if individuals behave differently when con

fronted by the same prices and endowed with the same resources and pro

ductive technology. If tastes are thus defined as behavioral differ

ences that cannot be explained by economic variables, the concept of
 

taste acquires substantive content only when the distribution of pref

erences across a population is related to observable phenomena, or more
 

generally, when a model of taste-formation is postulated with refutable
 
1
 

empirical implications.
 

Lacking a psychological theory that specifies relationships be

tween observable characteristics of parents and their tastes for chil
2
 

dren, this line of inquiry has not yet been notably productive. Given
 

1Such a model is verbally stated by Easterlin (1968) and Fuchs
 
(1956). The hypothesis is essentially that when individuals are teen
agers they develop their expectation for an acceptuble material stan
dard of living on the basis of the economic status of their parents.
 
If the economic fortunes of the children are better than anticipated,
 
these children feel they can "afford" somewhat more offspring than
 
secular trends would predict, and vice versa. Children are essentially
 
supernumerary expenditures that absorb the excess or shortfall of ac
tual to anticipated incomes. The small cohort born and raised during
 
the Great Depression, hence, contributed to the postwar baby boom,
 
whereas the offspring of the baby boom are not faring as well as they
 
expected, in part because of their cohort's relatively large size. Con
sequently, the cohort born in the 1950s is not contributing to the sharp
 
decline in birth rates in the United States. Though this model may have
 
considerable predictive power to account for cross-sectional and dis
aggregated time series variation in fertility in all high-income coun
tries, it has been tested only to a limited extent against U.S. aggre
gate time series.
 

2To propose that unexplained differences in reproductive behavior
 

among racial or religious groups reflect differences in tastes is, in
 
my judgment, to mask our ignorance. An alternative approach to search
ing for the sources of ethnic group differences is evident in the
 
observation that Catholic women with a college education have more
 
children than non-Catholics with the same education, but that these
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the nonpecuniary context in which parents obtain satisfactions from
 

their children, 1 and the highly subjective and intangible nature of
 

certain tastes for parenthood, there is presently no obvious way to
 

integrate and analyze the role of tastes within a theory of fertility.
 

It is common, therefore, to assume that all individuals share the
 

same utility function embodying their basic preferences. Differences
 

among individuals in appraising specific goods are then attributed to
 

environmental differences, some of which are assumed to be stochastic.
2
 

Specifically, people are assumed to prefer different amounts of a par

ticular good, even when prices and resources appear to be the same be

cause of a combination of unobserved taste factors, each independently
 

normally distributed across populations. The sum of these specific
 

taste-effects on fertility can be represented by a properly-behaved
 

differences are insignificant between women with lesser education. Im
plicitly two working hypotheses may be entertained. Is it the Catholic
 
college experience that contributes to taste formation in the United
 
States, or do those with such family-formed tastes elect to enroll in
 
Catholic colleges? Empirical tests can be imagined to refine further
 
one's understanding of the ultimate source of ethnic fertility differen

tials. It is also obvious that when one stops with distinguishing
 
differences in behavior among ethnic groups, one has provided little
 

useful knowledge to the policymaker that has no leverage on group iden

tification.
 

lln most societies parents are encouraged to satisfy only their
 
own demand for children. With an imperfect market for exchange, chil

dren represent a classic example of a nonmarket commodity that is pro

duced only for the final consumer. Specialization in child production
 

is uncommon, therefore, except under unusual circumstances (see S.
 

Chueng, 1972).
 
2Alternatively, it may be assumed that parent tastes for children
 

vary and are distributed across populations in a specific fashion.
 
This representation of tastes is in some respects more appealing than
 
the abstraction of a "representative individual," and in certain cir
cumstances it implies different response estimates from the same em
pirical evidence. For example, when observations are obtained on only
 
a portion of a population, the distribution of tastes may be estimated
 
by analyzing both pieces of evidence: data on the observed population,
 
and the proportion of the population observed with differing charac
teristics. Gronau (1973a, 1973b) has used this formulation to study
 
the shadow price of a housewife's time, when market wages are observed
 
for only the portion of the female population that is currently in the
 
labor force. Knowledge of the covariance structure of errors across
 
behavioral equations, such as in the equations determining fertility
 
and labor force participation of women, might also provide one with an
 
opportunity to identify the specific effects of "tastes." (See for ex
ample, Griliches, 1973).
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disturbance term in a statistical model designed to analyze systematic 

sources of variation in reproductive behavior.
1
 

THE DEMAND FOR CHILDREN 

The family's choice of final consumption activities is limited by
 

its market income and its members' time; and typically, market-determined 

wage opportunities provide the exchange rate between these two scarce
 

household consumption inputs (Mincer, 1963; Becker, 1965). Because
 

childbearing and rearing absorb a substantial fraction of the family's
 

available time and market income, this approach to the determinants of
 

household demand suggests that reproductive behavior is likely to be
 

a significant determinant of parent welfare. Beyond some level of fer

tility, specified for a couple by its economic environment, wealth,
 

and tastes, additional births are likely to diminish parental well

being, and lead them to search more diligently for ways to avert fur

ther births.
 

From this working hypothesis, a number of questions follow. Should
 

one expect that differences in market prices, wages, and in.omes will
 

significantly affect reproductive behavior? Is the microeconomic frame

work of choice useful in structuring empirical research into the cri

tical relationships between fertility and the features of the parents'
 

environment and endowments that are predetermined for the individual
 

(i.e., outside of his control), but which are ultimately subject to some
 

social policy control? Answers to these questions are hard to come by,
 

but recent empirical studies2 have rather successfully interpreted
 

1It is nonetheless important to probe beneath personal values and
 
social norms to determine how they mold individual preferences and the
 
related roles of culture and genetics. But measurable, variable, and
 
potentially policy-manipulatable elements of the individual and his
 
culture are difficult to discern. How important is it to the policy
maker (incontrast with the projector or planner) that Catholics want
 
more children than Protestants? Yet, however conceptualized and quan
tified, the influence of these taste factors can be properly assessed
 
only when the tangible pecuwaiary returns have also been isolated and
 
taken into account.
 

.2The bibiliography cites many of these studies. For examplet see
 
Becker, 1960; Mincer, 1963; Schultz, 1969, and a collection of studies
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reproductive behavior as a response to the relative scarcity of re

sources available to the household and the associated costs of 'children. 

Nonetheless, important problems remain unresolved, which are discussed 

later. 

Determinants of the demand for births will be explained in terms 

of this framework of household choice in a resource constrained en
vironment. This is clearly a partial approach to the problem that 

should eventually incorporate the salient biological, technical, and 

behavioral features of the reproductive process that determine the 

supply of births. The economic framework of constrained choice appears 

to provide a general way of accommodating the environmental factors 

dictated to individuals that presumably motivate parents to want a 

smaller or larger number of births.
 

Ultimately, the test of the usefulness of the demand approach will 

be its predictive and integrative power in comparison with alternative
 

frameworks. It would be premature to attempt such an evaluation at
 

this time. 1 The remainder of this section describes some problems in
 

restricting this formulation of the demand model of fertility to obtain
 

refutable predictions, indicates how difficult it is to translate the
 

relevant, concepts into empirically observed variables, and discusses
 

the theoretical and econometric problems of identifying and estimating
 

the structure to the dynamic household behavioral system, of which
 

in "New Economic Approaches to Fertility," in T. W. Schultz (ed.), 
Journal of Political Economy, Vol. 81, No. 2, II Supplement (March/
April 1973. A second conference volume will appear in a March/April
1974 supplement to thf Journal of PoliticalEconomy. 

IThe most obvious reason to postpone such an evaluation is the
 
absence of any comparable alternative structure of logical hypotheses
 
with empirical implications against which the economic demand model
 
might be judged. Also, the current interest of economists in this
 
topic is hardly a decade old, and a consensus among economists would
 
be hard to come by at this time. Moreover, most of the multivariate 
empirical testing of the demand model (see Tables 1 and 2) has been
 
prudently focused on cross-sectional differences in fertility that are
 
partially "explained" by almost any socioeconomic variables. The more
 
severe test of the economic approach will be to predict time-series
 
variation in completed reproductive performance. Whether economic
 
theory has any interesting implications for the optimal timing of fam
ily formation (birth intervals, etc.) has not yet been established.
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fertility is an integral part. A mathematical statement of the con

strained maximization approach is presented in Appendix A for the.,
 

simplified case in which it is assumed that the family chooses between
 

only two final consumption commodities, children and all other commodi

ties.
 
'The resources that individuals allocate over their lifetime are 

ultimately their own time and their initial stock of nonhuman wealth. 

Time is assumed to be allocated between two classes of activities: 

(1) those that yield money, goods, or services which can be readily ex

changed in a market, and (2) those that yield goods or services which 

cannot be exchanged in a market and are therefore valuod by the producer 

solely for their own consumption. Since eating, sleeping, and virtually 

all forms of final consumption require the input of one's own time,
 

all persons engage in the "production" of some nonmarket final consump

tion goods. It is also assumed that all persons allocate some time to

1 

producing goods and services exchanged in the marketplace. In the 

latter case, if the net disutility associated with each class of ac

tivity is assumed identical, the net value of time expended at the
 

margin in market and nonmarket activities is also equal. The market 

wage an individual receives equals the opportunity value of his time
 

in nonmarket activities (Becker, 1965).
 

Income influences the demand for children within this framework 

differently according to which member of the family experiences the 

change in wage rates or whether the income comes from nonearned sources. 

Therefore, the lack of an invariant positive relationship between in

come and fertility cannot be interpreted as prima facie evidence that 

economic scarcity and individual choice are irrelevant to the fertility 

decision. If children required a fixed amount of their parents' time 

It is conceivable that individuals whose spouses were sufficiently
 

productive in the market or who owned sufficient nonhuman wealth might 
allocate none of their time to market activities. The occurrence of
 
such a "corner solution" leaves the individual's nonmarket allocation 
of time and shadow price of time dependent upon the value of his mar
ginal productivity in each nonmarket activity, which is ultimately de
pendent on his spouse's market-determined value of time, nonhuman
 
wealth, and nonmarket production possibilities or technology. See Willis
 
(1971, 1973) and Gronau (1973a, 1973b).
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and market resources, one would anticipate that an increase in the par

ents' stock of nonhWuan wealth would shift their demand schedule for
 

children and other ordinary goods unambiguously to the right. However,
 

the simplifying assumption implicit in this argument, that children
 

can be treated as a homogeneous commodity, overlooks the important be

havioral relationship between the number of children parents want and
 

the "endowments" parents want to give each of their offspring.
1
 

But increases in the household's stock of human wealth, as re

flected by an increase in a parent's permanent (lifetime average dis

counted) wage rate, generate both a positive wealth effect and an off

setting price effect due to the increased opportunity cost of parents'
 

time required in the care and enjoyment of their children. Since this
 

framework is essentially based on comparative statics, these changes
 

in the household's human and nonhuman wealth position are assumed:to
 

be exogenous to the individual decisionmaking unit.
 

For linear homogeneous separable household production functions
 

(see Appendix A), the elasticity of demand for children with respect
 

to either spouse's wage rate can be separated into a weighted combina

tion of the compensated price elasticity and income elasticity of de

mand for children. The price elasticity is weighted by the value share
 

of the respective spouse's time in the total cost of children minus
 

the value share of the spouse's time in the cost of producing the com

posite commodity. The income elasticity is weighted by the value share
 

of the spouse's market earnings in the household's full income (see
 

Appendix A). Stronger assumptions are required to prescribe the sign
 

of the wage elasticities, but plausible magnitudes for these weights
 

suggest that the elasticity of fertility with respect to the wife's
 

wage will be algebraically smaller than that with respect to the hus

band's wage, given the time intensity of children and the preCominant
 

role of mothers in child rearing.
 

In sum, economic analyses of fertility as a demand determined pro

cess lead to a few simple empirical predictions, if it is assumed that
 

1For an early statement of this problem see Becker (1960) or for
 

theoretical and econometric methods for analyzing the quality/quantity
 
dimensions of choice see Houthakker (1952), Theil (1952) and Becker and
 

Lewis (1973).
 



-14

the resource intensity of childbearing is not also a choice variable.
 

Nonhuman wealth exerts only an income effect on the derived demand
 

for children, increasing desired fertility. Increases in wage rates
 

must have a smaller positive or perhaps even negative effect on the
 

demand for children, dud to the additional offsetting effect of the
 

price of time. Plausible assumptions concerning sex roles and market
 

rewards lead to the prediction that the elasticity of demand with re

spect to the wife's wage will probably be negative, but under most con

ditions it will be at least less positive (algebraically smaller) than
 

the elasticity with respect to the husband's wage.
 

Cross-sectional studies of individual countries at all levels of
 

economic development have confirmed the qualitative predictions of
 

this rudimentary demand theory of fertility.
1 In part because of the
 

difficulties of measuring a permanent wage rate, particularly for women
 

not in the paid labor force, education has often been assumed to be a
 

satisfactory proxy for lifetime wage rates. When fertility is then re

gressed on the educational level of men and women, the women's educa

tion coefficient tends to be negative, as anticipated, and several
 

times its standard error, while the men's education coefficient is
 

smaller in absolute magnitude and generally less significant statisti

cally. 2 When regression analysis deals with average earnings for men
 

1Cross-country comparisons of fertility and its determinants are
 

excluded from this survey. Not only do the usual problems of relative
 

prices and inconvertible exchange rates make international comparisons
 

of income levels treacherous, but also most of the additional data re

quired to test the propositions discussed here are not meaningfully
 

culled from standard international compendiums. For example, no ex

perienced demographer would accept registered birth and death rates as
 

satisfactory evidence of fertility and mortality levels in most low

income countries, yet official or registered vital rates are the basis
 

for many international cross-sectional regression analyses. Education
 

statistics have their own problems; female labor force participation
 

rates reflect local conventions; wage rates for men and women are
 

rarely compiled and, when available, tend to represent only a small
 

segment of the labor force, such as that in modern manufacturing. All
 

of the criticisms raised later with reference to cross-sectional stud

ies of regional populations within one country apply with greater force
 

to cross-sectional studies, which span the even greater diversity of
 

national institutions, statistical conventions, and cultures.
 
2See for example where both male and female education is consid

ered: Ben-Porath (1970, 1973a) on Israel; DeTray (1973) U.S. countries;
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and women within regional population aggregates, or earnings of individ

ual couples in which the husband and wife are currently working, the
 

estimated elasticity of fertility with respect to women's earnings is
 

negative and with respect to men's earnings is either positive or small
 

and negative.
 

The predicted positive association between fertility and exogenous
 

differences in nonhuman wealth is less often tested because of the
 

scarcity of information on personal nonhuman wealth and the endogenous
 

nature of related savings behavior. Although wage and wealth effects
 

are a help in accounting for crozs-sectional differences in fertility
 

in high-income countries, mortality has been perhaps the most important
 

factor affecting reproductive behavior in low-income countries. This
 

demographic variable, whose recent and sudden change is the proximate
 

cause for the population explosion in much of the world, affects the
 

structure of incentives for reproduction in many complex ways. Current
 

efforts to incorporate this factor into the economic model of fertility
 

determination are discussed below.
 

CHILD MORTALITY
 

If we assume that parents are motivated to bear children to accrue
 

benefits from their mature surviving offspring, the effects of child
 

mortality on desired fertility can be divided into two partially off

settio effects: (1) the demand for survivors and (2)the derived de

mand for births. Child mortality decreases the number of survivors
 

demanded by increasing the expected cost per survivor; it increases the
 

Gardner (1972), 1973) rural U.S.; Hashimoto (1973) Japan; Maurer
 
et al. (1973) Thailand; Michael (1971) suburban U.S.; and Schultz (1973)
 
Taiwan (see Tables 1 and 2).
 

1See for example where income, earnings or wage rates of males
 
and females are considered: Cain and Weininger (1971), U.S. SMSAs;
 
DaVanzo (1972), Chile; DeTray (1973), U.S. countries; Gardner (1973),
 
rural North Carolina; and Hashimoto (1973), Japan. Male income and
 
female education are analyzed for the U.S. by Sanderson and Willis
 
(1971), Simon (1972), and Willis (1971, 1973). (See Tables 1 and 2).
 
Because simultaneous equation bias is probably severe when both educa
tion and wages are included as explanatory variables in ordinary re
gressions on fertility, the empirical results of such studies are dif
ficult to interpret and are not reported here.
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derived demand for births by increasing the number of births required 

to obtain a survivor. The final derived demand for births will respond
 

positively to the incidence of child mortality only if the product of
 

the relative change in expected cost per survivor and the price elas

ticity of demand per surVivor is less than unity (in absolute value).
 

In the event that the family reduces its completed fertility (i.e.,
 

births) as the incidence of child mortality declines, this tendency
 

toward demographic stability within the family may be interpreted as
 

evidence that parents' demand for surviving children is relatively price
 

inelastic (O'Hara, 1972; Ben-Porath and Welch, 1972).
 

No one can doubt that parenthood is one of the most risky under

takings that economists have proposed to study, yet the above formula

tion implicitly assumes that parents are risk neutral, that is, it
 

that parents consider only the expected value of outcomes and
 assumes 


ignore the variance (or higher moments) and covariance effects. The
 

potential importance of uncertainty for understanding shifts in fer

tility has been stressed in the context of low-income countries where
 

child mortality has declined sharply (Schultz, 1969), but theoretical
 

analysis of the relationship between uncertainty and reproductive be

havior is of recent origin (O'Hara, 1972; Ben-Porath and Welch, 1972),
 

and I know of no empirical evidence that separates the effect on fer

tility of the mean value of mortality in the family or region from the
 

1The elasticity of demand for births, B, with respect to the prob

ability of a child's survival to maturity, P, can be expressed as fol

lows:
 

nBP = 
S - 1, 

where S is the number of births that survive from which parents are
 

assumed to derive utility under risk neutral assumptions, and C is the
 

expected cost of a surviving child which is assumed to depend inversely
 

on P and be independent of family size. Since it is known that nSC
 

and nCp are both less than zero, if their product is less than unity,
 

the elasticity of demand for births with respect to the probability of
 
Ben-Porath and Welch (1972) illustratively
survival will be negative. 


assume that nCp = - 1,whereas O'Hara indicates why it might.exceed unity
 

in absolute value. The positive relationship observed between child
 

mortality and fertility is therefore suggestive of an inelastic demand
 

for surviving children, i.e, Iscr< 1.
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effect due to some subjective measure of the uncertainty attached to
 

that mortality level.1
 

Multiple regression analyses based on both individual and grouped
 

data indicate that the relationship between fertility and child mor

tality is positive and statistically significant in such varied en

vironments and periods as Bangladesh (1951-1961), Puerto Rico (1950

1960), Taiwan (1964-1969), Chile (1960), and the Philippines (1968).
 

In these studies, the explanation of birth rates on the probability of
 

birth is improved by lagging the incidence of child mortality two to
 

four years. This is, of course, roughly the average time required for
 

a mother to bear another child. There is reason, moreover, to antici

pate that older mothers with nearly completed families will weigh
 

heavily the survival or death of earlier children in their decision to
 

have an additional (marginal) child. Consistent with this sequential
 

and adaptive view of reproductive behavior, the estimated responsive

ness of births to child deaths is greater and more significant statis

tically for women over 30 years of age (DaVanzo, 1972; Schultz and
 

DaVanzo, 1970; Schultz, 1971, 1972). Among these older women, the re

sponse of birth rates is also more pronounced to male child deaths than
 

to female child deaths (Schultz and DaVanzo, 1970; Schultz, 1972), pre

sumably reflecting preferences for family sex composition.
 

The death of a young child may also stimulate a biologically in

dependent feedback mechanism that will increase the mother's fecundity.
 

If the child was still breast fed at the time of his death, the termi

nation of lactation may shorten the mother's period of postpartum
 

sterility and increase her subsequent fecundity and consequent fertility.
 

But this biological mechanism can play only a relatively small role in the
 

1If parent preferences with regard to the number of surviving
 
children they have are sufficiently asymmetric about some preferred
 
number, changes in uncertainty (i.e., dispersion of anticipated family
 
size outcomes that symmetrically preserve the expected mean) can change
 
the desired level of fertility. For example, where parents want at
 
least a specified number of surviving children but do not regard a
 
larger number as a large sacrifice, increases in uncertainty can in
crease desired fertility. Alternatively, if preferences are symmetric,
 
as implicitly assumed in the text, the effect of changes in risk on
 
desired fertility will depend upon the price elasticity of demand for
 
children.
 



widely noted robust relationship between birth rates and prior child 

deaths, for the behavioral factors, such as the mother's age and the 

sex of the child that died, continue to explain a statistically sig

nificant share of the variation in birth rates.
 

This evidence implies that birth rates of older mothers adapt 

promptly to offset some of the increase in population growth rates that 

occurs because of increased survival of children in low-income coun

tries. But in the two- to five-year periods studied in these investi

gations, the overall birth rate response does not appear to be large 

enough to prevent the population growth rate from increasing. Longi

tudinal studies of cohort fertility are now needed to appraise the 

longer-run adjustment of fertility to changing child mortality levels. 

Future population growth rates iJn much of the world hinge on the magni

tude of these adjustments in reproductive behavior and on the rate at 

which they occur. 

Reduced death rates at all ages also increase the returns to par

ents of such long-term investments as those in child schooling and
 

vocational training relative to the returns from having more children.
 

If child "quality" investments and the quantity of children are close
 

substitutes to parents, this shift in the relative returns to these
 

two activities may motivate parents to seek fewer children in order to
 

augment the resources they have available to invest in each child
 

(O'Hara, 1972). Increased life expectancy for parents may also con

tribute to their greater valuation of long gestation investments such
 

as child quality, since they have an increasing chance of being alive
 

at any future date to enjoy these distant returns.
 

In sum, mortality e:erts diverse influences on the family forma

tion process and the incentives for associated savings and investment 

behavior in the household cector. Although the dramatic postwar change
 

in mortality constitutes a significant and pervasive shift in the in

tertemporal constraints on household behavior in low-income countries,
 

economists, unfortunately, have as yet paid scant attention to this
 

phenomenon.
 

The consistent effects on fertility of (1)the shadow price (wage)
 

of husband's and wife's time and (2)child mortality account for a
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statistically significant share of cross-sectional variation in aggre

gate and individual reproductive behavior. Encouraging though these
 

empirical results may seem, there still are ambiguities in and limita

tions of this conceptual approach and its current empirical application.
 

A few of the unresolved problems are discussed below.
 

RESOURCE INTENSITY OF CHILD REARING
 

It was suggested earlier that viewing children as a homogeneous
 

commodity from which parents obtain a uniform flow of "child services"
 
neglects the qualitative dimensions of child-rearing over which parents
 

exercise some choice. Reproductive motivations are closely related to
 

the amount of time, energy, and resources parents want to invest in
 

each offspring (Becker, 1960). Widely observed empirical regularities
 

suggest that parents tend to trade off resource intensity per child for
 

numbers of children (e.g. Schultz, 1969, 1970, 1971; DaVanzo, 1972).1
 

Understanding the determinants of this tradeoff promises to account for
 

much systematic variability in fertility in both high- and low-income
 

countries.
 

Progress in this direction, however, has been slow for at least
 

two reasons. Unrealistic restrictions must be posited, apparently,
 

to obtain refutable predictions from models of family choice in which
 
both parents may contribute through their market earnings and own-time
 

to the production of three final consumption commodities: the number
 

1Child schooling rates are often more highly (negatively) corre
lated with fertility than are educational attainments of mothers. Con
versely, a positive partial correlation is generally observed between
 
fertility and the rate at which young children enter the labor force
 
in low-income countries. See for example Schultz (1969, 1970, 1971),
 
Nerlove and Schultz (1970), DaVanzo (1972), Maurer et al. (1973). One
 
might conjecture that parents in some poor populations borrow, on bal
ance, from their children over their lifetime rather than invest in
 
them (Schultz, 1971). Increased attention to the implicitly producer

good (capital) attributes of children may yield additional insights
 
into the determinants of fertility in low-income countries. I have
 
not seen any evidence of a theoretical or empirical nature that might
 
distinguish whether children should be treated as a consumer or pro
ducer durable good in the refinement of a demand theory of fertility.
 



-20

of ,children, child quality, and other commodities. Second, and more 

obvious, the lack of agreement on how to quantify the resource cost.-or 

consumer value of child "quality" has deterred relevant empirical re

search.
 

The most interesting theoretical effort to restrict the general
 

three-good model to obtain an analytical reduced-form expression for
 

the derived demand for numbers of children is by Willis (1971). He
 

assumes that the husband does not contribute to household production,
 

holding fixed his full-time labor force participation. With standard
 

assumptions regarding linear, homogeneous, separable production func

tions and nonreversal of factor intensities, the derived demand for
 

numbers of children is analytically deduced for (1)households in which
 

the wife works in the labor force and (2) for households in which she
 

does not.
 

Two novel implications follow: An increase in the husband's life

time wage increases the demand for children by a greater amount if the
 

wife engages in market work; an increase in the wife's education (i.e.,
 

market-specific human capital) reduces demand for children onZy if she
 

is engaged in market work.
 

Further extensions of this work (Willis, 1973) treat the wife's
 

labor force participation decision as endogenous and jointly determined
 

with desired fertility, but this important step toward greater realism
 

is achieved with a serious loss of refutable predictions.
 

The merit of this model for empirical work rests on the degree to
 

which wives who are out of the labor force are engaged solely in pro

ducing nonmarket (untradable) consumption commodities in Becker's (1965)
 

1Without additional restrictions, the only qualitative prediction
 
is the positive sign of the effect of nonhuman wealth on the demand
 
for both quality and quantity. DeTray (1973) estimated a special form
 
of this model with U.S. county aggregate data and found that the wealth
 
elasticity of demand for quality per child was not significantly dif
ferent from zero.
 

Becker and Lewis (1973) and Willis (1973) have also explored the
 
implications for demand analysis of the multiplicative interaction
 
between child quality and quantity that enters the household's budget
 
constraint if it is assumed that to change child quality marginally a
 
parent must also change the quality investments in all intramarginal
 
children.
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sense of the word. If,instead, wives who are outside of the labor
 

force are, nonetheless, producing at home some substitutes for market
 

goods and services as well as final consumption commodities, then the
 

process of factor price equalization and the determinants of derived
 

demands are identical for the two classes of households.
 

In high-income societies the analogy between labor force activity
 

and home production and Becker's market goods and nonmarket commodities
 

has some appeal. But it is hazardous to extend this formulation to
 

low-income societies where handicrafts, cottage industries, and local
 

barter markets provide many points of contact between relative market
 

prices and the allocation of a housewife's time. In the low-income
 

environment where market specialization is less developed, it is hardly
 

surprising that both spouses will typically produce at home some goods
 

that the household will also purchase or sell in the market. The
 

converse hypothesis might also warrant investigation in high-income
 

countries; namely, as market specialization proceeds, husbands will in

creasingly have a comparative advantage to contribute their time to
 

producing more nonmarket consumption commodities, including perhaps
 

children. The realism of the Willis model for high-income countries
 

is, therefore, also conjectural.
 

If further refinement of the three-good model is not to rely en

tirely on corner solutions, empirical research may have to provide
 

sharper guidance on how theoretical restrictions are to be imposed.
 

What are the economies of scale in the production of numbers 6f chil

dren and child quality? How are these outputs interrelated to other
 

household consumption activities? Can production tradeoffs be esti

mated from changes in the relative prices of these other, more nearly
 

marketed, household activities? Can one infer, directly or indirectly,
 

more about the manner in which parents assess quality in their off

spring, which ultimately must motivate their transmission to children
 

of genetic potential, inherited wealth, educational advantage, economic
 

opportunity, and culture? Perhaps an entirely new approach to the
 

quality-quantity conundrum will be required.
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PROBLEMS OF EMPIRICAL INFERENCE AND MODEL SPECIFICATION 

-As the framework of constrained choice has been adapted to analyze
 

a growing body of data on reproductive behavior, it has become clear
 

that it is difficult to infer the direction, magnitude, and timing of
 

causality from partial 6orrelations among the seemingly relevant vari

ables in a cross section. Elements of the approach require reformula

tion, the distinction in each specific context between endogenous and
 

exogenous variables requires more explicit consideration, and, finally,
 

improved statistical techniques appear necessary to estimate the un

derlying structural relations without substantial bias.
 

Observations on exogenous differences in wage rates and nonearned
 

income, from which price and income effects might be estimated without
 

simultaneous equation bias, are hard to come by. Virtually all of the
 

decisions parents make over their lifetime affect the subsequent struc

ture of incentives bearing on fertility, and most individuals recognize
 

that their current choices modify these future options. Therefore,
 

many attributes of the household and its members that reflect past or
 

current choices cannot be treated as exogenous to lifetime fertility
 

decisions. Proxies that appear initially useful as measures of the
 

opportunity cost of children or of given resource constraints must
 

ultimately be treated as endogenous variables in a broader simultaneous
 

system of behavioral relations.
 

lOrdinary least squares estimates of the structural relationship
 

determining fertility will not be statistically "consistent" unless
 

all explanatory variables are uncorrelated with the disturbance in the
 

fertility equation. Nor can lagged values of endogenous variables be
 

treated as independent of the disturbance in relationships accounting
 
for the same or related forms of current behavior, for well-known rea

sons (Nerlove, 1965). For example, the probability that a woman works
 

in the paid labor force will in general not be independent of the dis

turbance in the relation accounting for her fertility. Labor force
 
participation patterns earlier in her life cycle are also influenced
 
by observed and unobserved features of her environment that will be
 

highly serially correlated, and that will continue to affect not only
 
her labor force participation but also her reproductive behavior.
 

Clearly, individual tastes for children and, more generally, tastes
 

for a wider array of market and nonmarket goods may be such an unob
served variable influencing both forms of behavior. In such a dynamic
 

system of household behavioral relations, simultaneous equation esti

mators would appear generally appropriate for studying structural equa
tions determining fertility.
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Mate selection, the life cycle timing of marriage, and the alloca

tion of both spouses' time between market and nonmarket activities are
 

decisions that are intimately related to similar price and income vari

ables as well as underlying tastes. 1 The extension of fertility models
 
to encompass additional areas of jointly and simultaneously determined
 

household choices has confirmed the importance of interactions among
 

at least three forms of behavior: reproduction, the incidence of mar

riage (legal and consensual, where distinguished), and the sex division
 

of labor market participation (DaVanzo, 1972; Frieden, 1972; Harman,
 

1970; Maurer et al., 1973; Nerlove and Schultz, 1970; Schultz, 1970).
 

Beyond this core, models of household decisionmaking might be reason

ably extended to incorporate additional allocative choices that are
 

also probably endogenous to fertility determination, such as savings
 

and nonhuman capital formation, migration and, as emphasized above,
 

the resource intensity of the child-rearing process.
 

But these simultaneous-equation models tend to be formulated in
 

static terms and tested, most often, against cross-sectional data from
 

one point in time. Though this abstraction has proven a powerful gen

eralizing device, little attention has been given to the question of
 

what economic theory and statistical techniques can say about dynamic
 

behavior models. Reproduction occurs sequentially, and the constraints
 

on childbearing affect many other areas of economic and demographic
 

decisionmaking in the household and are influenced themselves by past
 

reproductive behavior.2
 

In cross-sectional studies, explanatory variables are at best dis

cretely lagged a few years, as noted with regard to child death rates,
 

to represent the time required for reproduction to respond and for
 

IFor example, the educational attainment of the wife, considered
 
here as an exogenous determinant of the opportunity cost of her time
 
in childbearing, is not an exogenous variable with respect to her hus
band's wage rate, education, or tastes for children. The selection of
 
mates is undoubtedly responsible for the high simple correlation be
tween educational attainments of spouses.
 

2Sanderson and Willis 
(1971) use numerical simulation and dynamic
 
prograzning techniques to explore this sequential family formation pro
cess, but unfortunately there is no empirical foundation for most of
 
their specifications.
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But the sto~birth control information to-take effect (Schultz, 1971). 


:chastic biological nature of the reproductive'process and the numerous
 

neglected features of the individual that could affect reaction 
times
 

suggest that a distributed lag would be more appropriate 
for studying
 

changes in fertility. Identification and estimation of these lag struc

tures are, nonetheless, difficult because of the limited availability
 

of time-series information and the strong positive serial correlation
 

(over time) of relevant characteristics of regional populations 
or in

dividuals, such as wages, nonhuman wealth, industrial structure, 
and
 

schooling.
 

There is as yet little evidence on the magnitude of parameter 
bias
 

introduced by misspecifying the dynamic process determining 
fertility
 

section of obby static approximations eotimated from a single cross 


A demand model for birth rates in Taiwan was estimated
servations. 


first on the basis of cross-sectional data, and then reestimated 
on the
 

basis of a dynamic formulation using a combined time-series 
of cross
 

Parameter estimates shift substantially besections (Schultz, 1972). 


tween the static pooled cross-sectional formulation and the-dynamic
 

specification that utilizes both dimensions of the time series 
of cross
 

The changes in parameter estimates conform to those predicted
sections. 


by theory when appropriate weight is ascribed to time series 
variation
 

in the estimation procedure. Cross-sectional estimates of the impact
 

on birth rates of slowly changing environmental constraints, 
such as
 

and wage rates, tend to be biased upward or distorted
child mortality 


iFor example, the systematic portion of the regime of mortality
 
long-term investments
is determined by such slowly changing factors as 


in public health, sanitation, water supplies and transportation, 
geog

raphy and climate, and socioeconomic characteristics of the 
population,
 

and thus interregional differences in child mortality contain 
a rela-


High positive serial correlation
tively stable component over time. 


in regional differences in mortality implies that cross-sectional 
ob

servations on mortality in any single period contain substantial 
in

formation about the interregional differences that existed, 5, 10,
 

and perhaps even 20 years earlier. If the factors increasing mortality
 

over the long term were associated with higher fertility levels 
in the
 

cross section, the positive observed relationship between child mor

tality and fertility would overestimate the direct short-run influence
 

of a change in child mortality on fertility. If the association be

tween the long-term determinants of mortality and fertility were causal,
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(see Table 1, this report, columns 8a and 8b). Conversely, the influ

ence of factors that are less highly correlated serially over time, 

such as recent family planning activities, tend to be underestimated. 

According to this study, estimates of the parameters to a dynamic be

havioral process, such as fertility determination, may be seriously
 

biased if they rely only on the information contained in a single cross
 

section.
 

Finally, the character of family size suggests that linear demand
 

models are too restrictive for the study of fertility. Both theoretical
 

arguments (Willis, 1973) and empirical evidence (Ben-Porath, 1973;
 

Hashimoto, 1973; Simon, 1972) have been presented for nonlinearity be

tween explanatory variables and fertility. But at a more fundamental
 

level, there is the question of how to specify the utility function
 

with regard to numbers of children, and how the production function for
 

children changes with scale.1 Linear demand models presuppose that the
 
desirability of all increments to family size are affected identically
 

by shifts in economic constraints. It seems reasonable to study the
 

sequential binary choices made in the family formation process sepa

rately; this approach would in fact determine whether price and income
 

effects differ by birth order.
 

then the observed cross-sectional relationship between child mortality

and fertility would also spuriously overstate the long-run influence
 
of mortality on fertility.
 

1Recently Leibenstein (1973) proposed a new economic framework
 
within which to interpret fertility declines that stresses the benefits
 
and costs of having children of a specific order. He suggests that
 
the marginal cost declines with additions to the family, and the mar
ginal benefit may increase before it ultimately declines. But the
 
principal thesis of the paper is the importance of "status goods" which,
 
it is asserted, claim an increasing share of expenditures in a given
 
status group as development compresses the social structure of personal
 
incomes. Until further theoretical elaboration of his approach ia set
 
forth, or empirical proxies and methods of application are proposed,
 
I do not see how the framework could be challenged (or illuminated) by
 
obvious sources of data.
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IXII.PROBLIMS OF STATISTICAL INFERENCE 

is beyond the scope of this report to examine critically the
'It 


statistical models and estimation techniques that have been used in
 

the past, and might be productively used in the future, to study fer

tility determinants. New knowledge about the associations among fer

tility, parent characteristics, and their socioeconomic environment 
has
 

increased awareness of how difficult it is to attach causal interpreta-


For those simple and partial
tions to evidence of intercorrelations. 


correlations typically refer to interdependent choices that may 
be made
 

sequentially over the life cycle, but which nonetheless are 
dependent
 

on common lifetime goals, aspirations, and constraints, and are 
affected
 

jointly by unanticipated outcomes. Clearly, it is not a simple task
 

to infer from nonexperimental data the magnitude of the underlying
 

causal relationships linking fertility to policy instruments 
or to ex

ogenous features of parent endowments and environment. Since the col

lection and analysis of empirical evidence must continue to 
play a
 

crucial role in further advances of the conceptual framework and in the
 

choice of appropriate restrictions on the general demand model, 
rela

tively sophisticated statistical analysis of reproductive behavior 
will
 

This subject has been emphasized in earlier
be increasingly called for. 


Rand studies and will therefore be treated 
here briefly.1
 

Direct and indirect influences on fertility can be estimated from
 

a complete and correctly specified model of the causal system within
 

which fertility is determined, given accurately measured information 
on
 

fertility and its potential determinants. The specification of a parsi

moniIks.Ibut relatively complete model of fertility determination is,'of 

0urse-still a matter of controversy, but certain 
rules for formulating
 

,.atirnative models and their statistical estimation should improve 
our
 

'.aty to discriminate among them in terms of predictive power and
 

1These guidelines are discussed at greater length in Schultz
 

(1971a, 1971b) and Butz (1972a). The statistical nature of these prob

lems is treated thoroughly in econometric literature, but it is 
not
 

often translated into the problems of inference in economic demography.
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Upecific sources of estimation bias. "Adherence to these elementary
 

uetho'dological guidelines shouid also facilitate comparisons across
 

-empirical studies of fertility and aid in choosing among theories or
 

restrictions on general models that predict different configurations
 

among the numerous variables related to fertility.
 

More is known about biological and socioeconomic constraints af

fecting fertility and their appropriate measurement than is exploited
 

in most studies of fertility differentials. Fertility models should
 

be formulated in terms as comprehensive as possible if statistical
 

analysis based on nonexperimental data is intended. Simple bivariate
 

relationships and correlations of any particular factor and fertility
 

are only des criptive statistics, and have little meaning for causal
 

analysis, since many socioeconomic determinants of fertility are highly
 

intercorrelated, and even biological constraints on fertility, such as
 

lactation, may be causally related to socioeconomic determinants of
 

fertility (Jain, 1968).
 

In the context of a specific decisionmaking situation, two classes
 

of explanatory variables must be distinguished: those that are deter

mined outside the model,1 and those that are subject to choice by the
 

decisionmaker or are jointly dependent on such choices. Technically,
 

the distinction between exogenous and endogenous variables is clear
 

cut; but in practice, given the interrelated nature of household status
 

and behavior, this distinction may often be relatively arbitrary. The
 

former are factors the individual decisionmaker cannot change: one's
 

age, sex, and race, or competitively determined market prices including
 

the lifetime (average discounted) wage received for labor and the re

turns obtained on endowments of nonhuman capital. The latter are fac

tors the individual can influence: one's attitudes, labor _force
 

1Exogenous variables are technically defined with respect to a
 
specific context (behavioral relation) as a variable, that is uncor
related with the purely stochastic disturbance term in the specific
 
structural relationship. An explanatory variable is not exogenous but
 
endogenous when it is affected by the dependent variable (the feedback
 
effect transmits the disturbance into the explanatory variable), or
 
when the explanatory variable is affected by stochastic shocks (or
 
omitted variables) that also influence the disturbance term in the
 
structural equation under study.
 



participation, migration, age at marriage, acceptance of contraception,

andthe efficacy of its use.. Both,types are'schematically portrayed 

This distinction within a fertility model is important to obtain 

consistent estimates (ioe., unbiased in the probability limit) of the 

lines of causal influence. For example, if strong negative partial 

correlation is noted between age-at-marriage and completed fertility 

among women aged 40 to 44, would this reflect the importancE of the 

causal relationship? Possibly not, because the exogenous factors in

cluded in the analysis may influence a woman's age at marriage and, 

in all likelihood, also exert an independent effect on her completed 

fertility. Moreover, some unobserved factors may influence both mar

riage and fertility. Both sources of bias would tend to overstate the 

direct "causal" influence of age at marriage on fertility and under

state the direct (and indirect) influence of exogenous factors on fer

tility, whether or not they were included in the multiple correlation
 

with fertility.I
 

Also, a policymaker needs to know the relationship between his
 

policy instruments and fertility. Knowing that fertility is related
 

to age at marriage is not particularly helpful without evidence about
 

how policy instruments might influence the age at which people marry. 

Thus, a theory of fertility for policymaking application should empha

size exogenous factors that are logically related to actual or practi

cable policy choices. As the conceptual framework is gradually broadened
 

to include closely related aspects of family decisionmaking such as age
 

at marriage, women's role in the labor force, child schooling invest

ments, and migration, additional theories (explanations) for these forms
 

of behavior are also needed, unavoidably increasing the complexity of
 

the household behavioral model.
2
 

1The bias could be attributed to misspecification of the complete
 
model or, in the context of a single equation framework, to simultaneous
 
equation bias of parameter estimates.
 

2A partial exception to this statement is discussed later. When
 
consistent estimators are sought for an endogenous factor for which
 
a firm theory is not at hand, instrumental variable (IV) techniques
 
yield consistent estimates. Generally, however, the less theoretical
 
guidance one has in the choice of instruments, the less efficient the
 
IV estimates (that is, the greater are their standard errors).
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Disturbances 
affecting ex- UzI Exogenous variables: 
ogenous U -a2 e.g. birth date, race, sex, market 
variables but [ UZ3 . -prices, wages, initial resource 
uncorrelated UZ4 -f endowments, etc.
with Uy_,_ _" 

Z 1 Z2 3 Z4 Z, 5 , 

/ 

Disturbances Uy1 Endogenous variables that may affect 
affecting endog- U y 2."4 fertility: Age at marriage, female labor 
correlated in the UY2 force attachment, adoption of specific 
probability limit UY4 forms of contraception, etc. 
with each other Y1 Y2 Y3
 

Fertility:
Cumulative or 
current rate 

Y4 

Fig.!--Gencral causal framework for statistical analysis 
of factors affecting fertility 
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Therefore, theory formulation begins by identifying the exogenowus
 

factors that affect fertility. Empirical confirmation or refutation
 

of the theory can then be based initially on ordinary least-squares 

regression techniques. Additional restrictions on the model can then
 

be considered and empirically tested. Finally, additional areas of
 

jointly dependent family decisionmaking can be explored. Specifically, 

it may seem necessary to include the study of marriage and women's
 

participation in extra-family labor force activities, which are inte

grally related to fertility decisions. A stepwise strategy for empiri

cal research on fertility is proposed, given the complexity of the sys

tem of simultaneous behavioral relations in which the fertility decision
 

must be imbedded. Appendix B outlines this approach in greater tech

nical detail.
 

Section II proposed a framework for interpreting factors affecting 

the demand for children. This section has reiterated two guidelines 

for estimating the nature and magnitude of these effects empirically. 

First, relatively complete specification of potential fertility deter

minants is needed because the relevant socioeconomic variables tend to 
be highly intercorrelated. Second, exogenous and endogenous variables
 

must be carefully distinguished.
 

Explanatory endogenous variables should generally be estimated by
 

simultaneous equation techniques which are, under these circumstances,
 

the only consistent estimators. Conversely, ordinary least-squares re

gressions or path analyses produce biased estimators in these instances.
 

The econometric problem known as simultaneous equation bias is a seri

ous impediment to drawing causal insights from many studies of fertility
 

differentials because exogenous and endogenous explanatory variables
 

are combined indiscriminately in multiple regression analyses. Iden

tifying and measuring the effect of socioeconomic factors on fertility
 

is hazardous using ordinary least squares unless consideration is re

stricted to exogenous explanatory variables. When "intervening" or
 

jointly and simultaneously determined variables, such as attitudes, are
 

added as possible explanatory variables in a structural relationship
 



determilng tertijLityi,.simuianeous-equacLon tecnniques are appropriate.
 

Their actual use in statistical studies of fertility is all too rare.
 

1 See Goldberger and Duncan (1973) for other examples of how struc
tural equation models are being used in the social sciencbk;. 
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IV. SOE EMPIRICAL EVIDENCE 

This section does not review the extensive literature on fertility
 

differentials.1 Although mny of these studies are a useful source of
 

working hypotheses and insights into potential mechanisms affecting
 

fertility, most do not help in testing directly the conceptual frame

work outlined in Section II. This is because they consider only a few
 

of the more significant factors thought to be affecting fertility, or
 

they do not distinguish statistically between what would appear to be
 

exogenous and endogenous factors in multiple2 regressions on fertility,
 

or they exhibit both of these shortcomings. Consequently, only a few 

relatively recent empirical investigations are discussed here that have 

sought to account either for differences in fertility across popula

tions or individuals at one point in time or for changes in fertility 

over time. Each study aittempts to measure several of the factors dia

tinguished as belonging to the core of constraints on the household 

3 each factor has a presumed effect on desired
allocation of resources;


and actual fertility levels.
 

Though the models underlying the cross-sectional studies differ 

in terms of analytical detail and econometric complexity, their empiri

cal implications are nonetheless similar. Whether a specifically re

stricted general equilibrium model of household choice is posited from
 

which a reduced-form fertility equation is derived (DeTray, 1972;
 

Michael, 1971; Willis, 1971), or a partial equilibrium model of fer

tility choice is specified in which the household is viewed as allocat

ing its time and nonhuman capital over an interrelated set of life cycle
 

1See for example the relatively exhaustive presentation of stud

ies of differential fertility by Mason et al. (1971). 
2Omission of important causal variables that are correlated with 

those included biases the estimates, and failure to use simultaneous 
equation estimation techniques when endogenous explanatory variables 
are analyzed generates additional sources of bias. 

3The standard linear regression model may be applied with continu

ous variables, or dummy variable techniques may be used in the standard 
regression mode to permit nonlinearities and i'teractions among quali
tative or grouped explanatory variables. 
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activities (Ben-Porath, 1970; Cain and Weininger, 1973; Gardner, 1971;
 
Nerlove and Schultz, 1970; Schultz, 1969a, 1971b), parent derived de

mand for children is related to market and nonmarket productivities
 

of husband and wife and other exogenously observed prices or constraints 
on the family formation process, as, of course, modified by the assumed 

functional forms of the equation determining fertility.
 

CROSS-SECTIONAL ANALYSES 

Regardless of differences and inadequacies in the analytical frame
works used in studying fertility, the same economic variables or their
 

proxies appear to account for a substantial share of the variation in
 

cross-sectional aggregates or individual fertility, whether fertility
 

is measured by (1) the number of children ever born per woman (Cain 

and Weininger, 1973; DaVanzo, 1971; DeTray, 1972; Gardner, 1971; Harman, 
1970; Maurer et al., 1972; Schultz, 1972b; Willis, 1971; Sanderson and
 

Willis, 1971); (2)crude, age-adjusted, or age-specific birth rates
 

(Ben-Porath, 1970; Nerlove and Schultz, 1970; Schultz, 1969a, 1971a,
 

1972a); (3)child/woman ratios (DaVanzo, 1971; Schultz, 1969b, 1970);
 

or (4)other proxies for fertility (Michael, 1971; Schultz, 1972c).
 
Tables 1 and 2 summarize some of the salient empirical findings
 

from nineteen recent investigations into the determinants of fertility
 

that have been guided by the demand model of constrained choice. Table
 

1 refers to studies of countries with relatively low per capita income
 

levels, and Table 2 refers to studies in high-income countries. Un
fortunately, most of the studies in Table 2 pertain to segments of the 

U.S. population, but several different data sets were employed. The
 

third case (ic)in Table 2 should probably be reclassified with the
 

low-income country studies, since the non-Jewish population of Israel
 
common with these populations.

1
 
appears to have more in 


Caution should be exercised in interpreting these results, for
 

analytical detail and the questions addressed by the respective authors
 

differ. Since no consensus has yet emerged on the "appropriate" speci

fication of the demand model of fertility, investigators have made do
 

'See note to Table 3.
 



Table I 
SUMARY OF MIRICAL FINDlhDON FER1TT DE(rE"AMs FOR OW-Im= COmM IS 

(1) (2) (3) (4) (5) (6) 	 (7) (8)(8b)
Author Schultz Schultz Nerlove-Schultz Harman 
 Schultz DaVanzo
(year, page) (116; 171) (1970; 43) (1970; 45) 	

Maurer et &l. Schultz -Schultz(1970. 29-30) (1971; 61) (1972; 80) (1973: 20-29) (1972; 36) (1972; 38)Population Puerto Rico 
 Egypt Puerto Rico Philippines Taiwan(time) 	 Chile Thailand Taiwan(1951-1957) (1Q60) (1950-1960) (1Q68) (1964-1968) 	
Talni 

(1960) (1960) 
 (1964-1969) (1964-1969)
Obervations Regions Regions 
 Regions Individuals Regiona Regiona Regions(number) (75*7) (41) 	 Regions Regions(78*11) (250) 
 (361) (50) (71) 
 (361*7) (361*7)
Equation Reduced form Reduced form Structural Structural Reduced form 
 Structural
(eatimators)" (GS) (OLS) 	 Solved reduced Reduced form Reduced form(TLS/GLS) (TSLS) (OLS) (TSLS) form (TSLS) 
 (OLS) (GLS)

Dependent Births per 1000 Children (0-q) Births per 1000 
Children ever born Normalized births Children ever born Children ever
variable population per women (15-49) population per women aged 	

Births per 1000 Births per 1000
 per 1000 women per 1000 women aged born per women 
women aged 35-59 women aged 35-39
 
35-39 aged 35-39 35-39 
 aged 35-39
 

Explanatory
 
variableeb 
1. Adult -1.58 
 -- -1.95 	 -. 

education (5.3) [0.15] (3.2) [0.20] 
2. w6en' -- -65.2 -0.092 0.422 -0.0926education (4.0) [0.087] (16~j(9.2) 	 [0 . 3 ] h 98.2 L009](1.6) [0.094] (1.97) [rI-8f 0. (9.02 [0.37] -45.4 .17j(2.78)3. .Woien,, ....... 


-- -1589 -22.6 [0 . 1 6]hwage 	 " .
(1.84) [0. 35]"4edation 


...... 
 0.526 [0 . 5 5 ]h -274 (16.0) [1.4] :-174education 
(7.9) P.98J5. 	 Men'a 


170 (0.33) [0.054] ... 
 ...
 wage 
6. Death 1.18 	 £0.302 
 5.76 3.9) l.0] 5.61 (9.3) [5%5]

rate (3.5) [0 .27]d (1.6 [..	
7.65 (2.72) [0.28] (17.9)'39 172(8.2) 043215][0 . 0 8 21 d 0	 3"],32 (17.e [O.s] [.11)-


2

R (F;dO c 0.46 	 £0.537 (27.3) (3.5) 
 0.433 (14.4; 6.3) (13.9; 7.4) 0.461 
 0.869
 

HOTE: 
 After each regression coefficient, the absolute value of the t ratio is
reported in parentheaes. and elasticity at regression means is in brackets. 
 d
Arithmetic sum of lagged coefficients, and averaged t statistics.
 

aForm of estimation equation such as reduced-form equations (only exogenous
explanatory variables) which may be estimated by ordinary least squares (OLS); 

eChild death rate entered regression as the reciprocal of child survival rate. For
comparability and ease of interpretation, the second elasticity estimates
structural equations 	 are.with(including endogenous explanator-' variables) estimated perhaps taspect to the child death rate.by an instrumental variable technique such as two-stage least squares (TSLS); solved . fArithmetic 	 2
reduced-form equations, 	

average of regression coefficients, t statistics, elasticities.' and Rderived from the simultaneous equations estimates of therelated structural 	 from five annual cross-sectional regressions.equations (generally without t statistics); and when a time women's potential wage was estimated as aseries of cross sections are pooled 	 function of variables such asfor either a reduced form or a structural equa- women'sduca tionrwesiden, na s ccupation oltion, estimates may be reported using a generalized least-squares procedure (GLS) women's education. residence, and husband's occupation.that assumes a Nerlovian two-component stochastic 	 1structure to the disturbances. 	 The solved reduced-form equations are reported without asymptotic standard errorFor instrumental variable estimates, asymptotic t statistics are reported, 
 estimates. 
The elasticity estimates for education variables incorporate also the effect
 or definition of explanatory variables, including those not reported in table, of an additional nonlinear variable in male and female education--namely, the relative
 
educational attainment of women to that of men.
 

cAsymptotic significance of entire equation can be evaluated with the F ratio
 

see original studies. 


when TSLS estimates are computed. See Dhrymes (1969).2 	 For OLS and GLS of reducedform equations, R can be used to test the equation's overall statistical signifi
canca



Table 2 

SUMMARY OF EMPIRICAL FINDING ON FERTIL.ITY DERMbMA S FOR HIGH-DICOHE COUNTRIES 

(() (lb) (ic) (2) (3) (4a) (4b) (4c) (5) 

Author 
(year. page) 

Population 
ktime) 

Observations 
(number) 

Equation 
(estimators)" 

Dependent 
variable 

Ben-Porath 
(1970 & 1973; 

S210-211) 

Israel 
(1961) 

Regions: Jewish 
towns and lbshevim 
(42q) 

Reduced form 
(OLS) 

Age normalized 
birth rate 

Same 

Same 

Non-Jewish 
(133) 

Same 

Same 

Saw 

Same 

Kibbutzim 
(180) 

Same 

Same 

Cain & Weininger 
(1973; Table 3) 

U.S., urban 
white census 

(1960) 

Major cities 
SSA (100) 

Reduced form 
(OLS) 

Children ever 
born per 1000 
women ever mar-
ried aged 35-44 

Willis 
(1971; 61a) 

U.S., white 
census (1960) 

Aggregated cells 
(1920) 

Reduced form 
(OLS) 

Children ever 
born per women 
aged 35-44. mar-
22 years or more 

Sanderson & Willis 
(1971. Table 1) 

U.S.. white mar-
fled once, husband 

present, census 
(1960) 

Husband occupation 
by wife's educa-
tion categories 
(101) 

Reduced form 
(OLS) 

Children ever born 
per women aged 35-
44 

Same 

Same 

Same 
(98) 

Same 

Children ever born 
per women aged 44-
54 

Same 

Same 

Same 
(98) 

Same 

Children ever born 
per women aged 55-
64 

Michael 
(1971. 26) 

U.5., surburban 
survey (1968) 

Micro-households 
(513) 

Reduced form 
(OLS) 

Number of children 
in household per 
women aged 35-39 

Fcxplanator. 
Variablesb 
1. Women's 

education 

2. Women's 
wage 

3. Man's 
education 

4. Men's 
wage 

5. Interac-
tion (l*4) 

6. Family 
income/con 

sumption 

-0.132 
(10.0) [1.1] 

.......

-0.049 
(2.6) Lo.4] 

...... 

-

-0.08Q 
(4.2) [0.06] 

0.022 
(1.8) [0.11] 

0.046 
(1.5) [.5] 

O.Ooq 
(0.4) [0.1] 

--

-.5 3 .9d 
(5.4) [0.04] 

27.2 

(3.97) [0.33] 

9.7 
(1.84) [0.23] 

_1.9 9e 

(3.38) 

-0.0289
ef  

(1.17) 

0 4 6 g 
(284) 

-0.175 
(4.67) 

.... 

_-

-1.77 
(2.25) 

0.151 
(2.66) 

-

-0.192 
(7.04) 

-0.192 
(3.27) 

0.150 
(3.62) 

-

-0.155 
(4.43) 

-1.65 
(2.47) 

0.084 
(1.58) 

-0.0617 
(2.18) (0.29] 

-. 

-OOL24 
(0.47) [0.064] 

-

0 . 160 
(1.80) (0.0861 

L 

R
2 
(F;df) .533 0.120 0.017 .0.52 n.a. 0.253 0.437 0.448 0.018 

For footnotes, see page 36. 



(6a) (6b) (7a) 	 (7b) 

46thoT Gardner Same Ben-Porath Same 

(year page) (1972; 522) (1973; S221) 


I 
Population U.S.. urban 	 U.S.. rural Israel Same 
(tim) census (1960) 	 farm ce.*sua (1963/1964) 


(1960) 


.- Observations States Same Urban families of Same 
(number) (48) 	 wage earners married 

in Israel (182) 


Equation Reduced form 	 Same Reduced form Same 

(estimators) a 

(OLS) (OLS) 


Dependent Children ever 	 Same Children ever born Same 
variable 	 born per per married women 


women aged aged 40 or over 

40-44 


Explanatory 
variablesb


education 	 (2.3)1. Women's 	 (0.5) -47.21-6.5 -17.0 (1.44) -(2) 
05edcto 23 14)[0.17] (1.96) [0.33] 

2. Women's 	 -40.0 -39.0 ...... 

wage (5.6) (4.0) 
3. 	Nen's 1.6 26.0 --


education (0. ) (2.6) 


4. 	 Men's -- -26.8 -2.44 wage (1.38) [0.11] (0.41) [0.06] 

5. 	Interaction 
 48.0 

(1*4) (1.28) (1.89) 


5--	 2632J 


6. Family 	 3.6 2.5 --

income/con- (3.0) (1.4) 

sumption
 

R
2 

(F;df')
e 

0.70 	 0.76 1.306 
 0.313 


I*E: After each regression coefficient, the absolute value of the t ratio 
is reported in parenthesis, end elasticity at regression means is in brackets, 

a'bCRefer to corresponding footnotes (a, b, c) in Table 1. 


dWomen's education variable expressed as percentage of females with less 

than five years of schooling. Variable is thus an inverse measure of educa-

tional attainment mong the lower tail of the distribution, and the regression
coefficient has the opposite sign from the other studies that use average or 
median years of schooling. Its sign has been reversed here to facilitate 
comparisons.

eVariables expressed in logarithms. 


fWife's potential market wage was constructed from 1960 data on the 

earnings of employed wives adjusted for hours worked per week and weeks 

worked last year to obtain a full-tine yearly earnings potential of wives cross-
classified by urban/rural residence, and the education or occupation of the 
husband (Willis, p. 54). 

8 
This oefficient is obtained from a s'upplemental regression of t'he 

occupation/education dummy variable estimates from the fertility equation
against mean income of husbands in these 24 occupation/education categories. 
which is assumed to be a satisfactory proxy for the husband's permanent income. 

Table 2--continued
 

(8) (9) (lOs) (10b) (lO) (11) 

DeTray 	 Frieden Gardner Same Gardner Willis 
(1973; S97) 	 (1973; Table Z1973; 
S1Ot: (1973; S112) (1973; S50-S52)


9) 
U.S. census 	 U.S. census R,,r.i North Rural North Rural North U.S. census 
(1960) 	 (1960) Carolina Carolina Carolina (1960)

families, families families 
where wife (1967-1970) (1967-1970)
 
reported some
 
earnings
 
(1967-1970)
 

County County Families Families Families Individual urban white.
(516) 	 (240) (511) 	 (511) once married women, 

living with husband
 
(9169)
 

Reduced form 	 Structural Reduced form Same Reduced form Reduced form 
(OLS) (TSLS) (OLS) (OLS) (OLS) 
Children ever 	 Births per Children ever Same Children evez Children ever born per
born per 1000 women born per cur- born per cur- currently married women 
1000 married aged 15-45 rently mar- rently mar- aged 35-44 
women aged ried women nLed women 
35-44 e 

aged 30-49 aged 30-49 

-0.0300.3 .9115 [0-1230115-.5-019017-.7 -0.15 -0.14 -0.17 -0.176 -

(3.19) [0.32] (2.95)[.9 (2.7) [0.5] (3.7) [0.5] (4.0) [0.6] (14.0) 0.41 
O. 3 0e -7.0 -0.43k -- -0. 0 2 0 k 

(12.5) [0.30] (7.0) [0.26] (2.0) [0.2] (3.0) [0.6] 
0.0077 -- -0.05 -0.09 -0.09 
(0.74) [0.08] (0.9) (2.6) .3 (2.2) [0.31 

0 . 0 7 4 e 
(2.12) [0.07] 

-- -0.06 
(0.6) 

-- -0.17 
(2.2) 

-0.248 
(7.35) 

-
'9.067 

.... 0.0202

(7.33) 
0.0 6 5 eh 1 . 1 h 21.0 0.16 0.26 -
(2.73) [0.07] (5.5) [0.22] (3.2) [0.32] (4.1) 9.28 (4.8) [0.38] 

0.75 	 (11.7;7. 3) 0.23 0.19 0.25 0.047 

hHedian value of owner o:cupied housing which is interpreted as a proxy for the 
wealth or consumption level of families in the county. In Frieden's study
housing value also affects (negatively) the proportion married, and therefore its
 

net 
(reduced form) impact on births ie about ten percent less than that reported

here. 

1
The schooling variable is transformed according to five steps into an approxi

mation of the monthly full-time 	wage rate for women.
 
JThe women's schooling (wage rate) variable is squared to capture the non

linearity in the relationship 	between the woman's wage rate and her fertility.
The interaction term (variable 5) also approximates this quadratic term since
 

husband and wife educational attainment (and wage rates) are highly correlated.
 
kIn study 10a the wife's wage is directly observed for the sample of North 

Carolina families where the wife reported some labor earnings, whereas in 10c 
for the entire sample of families the wife's wage is approximated by the county 
wage rate for off-farm employment to others than the farm head. The county wage 
should be a better approximation for an exogenous measure of the value of time 
that will not be systematically related to the woman's past labor force exper
ience and consequently jointiq determined with her family planning and fertility. 

http:14)[0.17
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with very different sources of data, different proxies for essential
 

economic variables, and different "control" variables. Nonetheless,
 

the collected tableau suggests patterns as mentioned in Section II,and
 

provides a convenient set of references to an otherwise scattered
 

literature. Table 3 reports the range across studies of elasticity 

estimates of fertility with respect to the variables that are consis

tently emphasized in the economic view of the fertility determination 

process.
 

Table 3
 

.RANGE OF ESTIMATES OF THE ELASTICITY OF FERTILITY WITH 
RESPECT TO THE CENTRAL VARIABLES IN DEMAND MODEL 

Per Capita Income Level
 

Explanatory 
Variable Low (Table 1) High (Table 2) 

Women's education -0.17 to -0.06 -1.1 to -0.19
 
Men's education -0.98 to +0.55 -0.4 to -0.06
 
Women's wage -0.35 to -0.16 -0.6 to -0.17
 
Men's wage +0.05 -0.11 to +0.23
 
Family income - +0.09 to +0.38 

-Mortality +0.05 to +0.28 

NOTE: Different measures of fertility are treated
 
as the dependent variables, as indicated in Tables 1 
and 2. Certain estimates apparently are not comparable
 
because of the functional form of model estimated or
 
the nature of proxy variables analyzed. The Willis
 
(1971) and DeTray (1972) studies fit a model partially
 
in logarithms. Willis obtains an unusually large elas
ticity of fertility with respect to his proxy for female
 
full-time potential market earnings of -1.99. DeTray
 
obtains elasticity estimates that are within the ranges
 
reported. The interaction model estimated by Sanderson
 
and Willis (1971) is reported without elasticities or
 
variable means, and hence is not represented in the
 
table. Cain and Weininger's (1973) female education
 
variable is not comparable with the other average or me
dian years of schooling variables (see note d, Table 2).
 
The Kibbutzim case (Ben-Porath case lc) is excluded as
 
noncomparable. Although they are reported in Table 2,
 
the non-Jewish communities in Israel are classified with
 
the studies of low-income countries. Median years of
 
schooling in these communities is 4.9 for males and 0.7
 
for females, contrasted with between 8 and 10 for both
 
sexes in Israel's Jewish settlements.
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WAGE AND WEALTH EFFECTS 

The predicted effects or husband, and wife wage rates' or the,, shadow 
,price of their time have not yet-been adequately estimated, because'"
 

current wages are a poor proxy for permanent:lifetime wage rates,,and
 

market wages are not observed for wiveswho.are currently out of the
 

paid-labor force. 
 If education is-regarded as a sufficiently good.
 

proxy for permanent wage rates, however, ialinear relationship between
 
fertility and the educational level of husbands and wives has-been
 

estimated from aggregate and individual data for many populations, as
 

noted earlier.1 v:.
 

With'respect towomen's years of schoolingi' theelasticity of fer

tility appears to be about -0. in'several loii-income'countries, but
 

may be a substantially larger negative magnitude in high-income coun

tries where a larger proportion of women are in the paid.labor force.
 
With respect to men's schooling,,the elasticity of-fertility does not
 
appear to be uniformly defined across low-income countries, but is
 
negative:and about half the magnitude of the women's schooling elas
ticity in high-income countries. Inclusion of wage variables along
 
with educational variables in several of these studies, without allow
ing for the indirect effect of education on market productivity and
 
wage offers, probably understates the actual effect of women's school
ing on fertility while overstating the negative effect of men's school

ing.
 

1Exceptions can also be instructive. Ben-Porath'(1970), found
 
across Kibbutzim no statistically significant partial association be
tween women's education (proxy for the value of time) and fertility,

whereas the associations across.other Jewish and non-Jewish Israeli com
munities were all significantly negative. The institutionalization of
 
communal child rearing in the Kibbutz reduces the mother's discretionary

input of her own 
time into her own children, weakening the substitution
 
effect embodied in the women's education (time value) variable. Clearly,
 
many additional factors in the Kibbutz need to be evaluated to conclude
 
much of anything from this preliminary aggregate analysis. Nonetheless,

where the household time-allocation model is least applicable to the
 
determination of child costs, the model's predictions are also rejected.


Another instance in which women's education was attributed a per
verse positive effect on fertility was in cross-sectional studies of
Taiwan (Schultz, 1972a). As discussed later, when the single cross
 
section of observations is expanded to include a time series of crotas
 
sections, the puzzling association between women's education and birth
 
rates reverses.
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.The
relationship,between years of schooling; completed ,by the wife 

and.her fertility ,appears to be nonlinear in a number of countries : 

where:it.has,been studied. In particular,,the greatest absolute de

clines in fertility are associated with obtaining the primary and early 

years of secondary'schooling. This nonlinearity can be explained in 

terms of the changing weights attached to income and price elasticities 

in the expression reported earlier for the elasticity of demand with 

respect,to wages (see Appendix A). As women become better educated, 

they earn.a larger share of household income. .They also increase the 

market-good intensity of their child care. Other explanations for the 

behavioral pattern have also been proposed (Willis, 1973;jBen-Porath, 

1973a).
 

,Fertility studies that have analyzed actual male and female wage
 

rates for regional population aggregates or that have (structurally)
 

imputed wage rates to men and women regardless of labor force status,
 

have also obtained regression coefficients for the female wage rate
 

.that aremore significant statistically than those for the male.wage
 

rate (DaVanzo, 1971; DeTray, 1973; Gardner, 1973). Comparisons across
 

studies suggest that the elasticities of fertility with respect to
 

women's wage rates range between -0.2 to -0.5, perhaps somewhat larger
 

in high-income than in low-income countries. The elasticity of fer

tility with respect to male wages has been estimated in only one low

income country as +0.05, whereas in high-income countries it varies
 

from -0.1 to +0.2.
 

The predicted positive-relationship between exogenous differences
 

in'nonhuman wealth and fertility is rarely estimated, particularly in
 

-low-income countries. Several-demographic studies of relatively homo

geneous peasant societies have noted a-positive simple relationship
 

between:size of landholding and fertility, particularly when fertility
 

is measured not as children ever born but as the number of children
 

.living when the parents reached middle age (Prachuabmoh, 1967; Stys, 

1958). These studies might be interpreted as evidence of a positive 

nonhuman wealth effect, but the pattern might also be explained by the 
.greater value of child labor for the larger landowner. As a proxy for
 

wealth across U.S.,county aggregates, DeTray (1972) and Frieden
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(1973) used median value of housing and obtained a positive regression
 

coefficient for the wealth proxy, holding average male and female wages
 

and education constant. From the studies surveyed here, the elasticity
 

of fertility with respect to family income, consumption or wealth in
 

high-income countries hhs been estimated to be between +0.1 and +0.4.
 

MORTALITY
 

Although the theory of household choice does-not qualitatively
 

prescribe the relationship between fertility and child mortality, em

pirical evidence from low-income countries indicates the cross-sectional
 

relationship is positive and very significant statistically, both at
 

the aggregate and individual level (DaVanzo, 1971; Harman, 1970; Nerlove
 

and Schultz, ,1970; Rutstein, 1971; Schultz, 1969, 1971a). Estimates
 

of the elasticity of fertility with respect to death rates for all per

,sons or only for children range from +0.09 to +0.38. From the analysis
 

of a time series of cross sections (Schultz, 1972), it appears that
 

aggregate cross-sectional estimates of the responsiveness of fertility
 

to mortality may be biased upward, but the magnitude of the response
 

is nonetheless important.
 

CHILD SCHOOLING INVESTMENTS
 

A more difficult to interpret relationship found repeatedly in
 

low-income countries is the strong partial association between child
 

schooling rates and lower fertility (DaVanzo, 1971; Maurer et al.,
 

1972; Nerlove and Schultz, 1970; Schultz, 1969a, 1969b, 1970, 1971a).
 

But because this pattern could be due to politically motivated public
 

investment (supply) or to private choice (demand), or both, it cannot
 

yet be firmly attributed to either. A factor strongly related to child
 

..investments in schooling is child labor practices (Schultz, 1970;
 

DaVanzo, 1971); also fertility, especially among older women, tends to
 

be significantly higher in communities where young children are often
 

in the labor force (DaVanzo, 1971; Maurer et al., 1972; Nerlove and
 

Schultz, 1970; and Schultz, 1969a, 1970).
 

In addition to human capital formation associated with schooling
 

and training, the consciously and culturally determined regime ofU'



,lactation'and maternal-child nutrition may be responsible for substan

tial differences in morbidity, mortality, and subsequent mental and
 
physical capabilities of the human agent (Butz, 1972b; Selowsky and
 

Taylor, 1971; Sloan, 1971). Work has only begun to evaluate the reper

cussions of this behavioral complex on fertility and to attribute them
 

to choice or chance. 

Economic theories of fertility determination generally presuppose
 

an equilibrium relationship between permanent or lifetime conditions:
 

and completed fertility, whereas empirical verification is often based
 

on observations of either conditions prevailing sometime after the
 

arrival of the last child, or current conditions in conjunction with
 

an incomplete stock or rate of addition to an unobserved stock of chil
dren. Moreover, unbiased estimates of cause and effect relations are
 

difficult to obtain from a single cross section in which most economic
 

and demographic aspects of the household are jointly dependent on prior
 

conditions that have also influenced fertility. Thus, relatively little
 
is learned from these cross-sectional studies about the time required
 

for reproductive behavior to adapt to unanticipated change in environ

mental constraints (for example, how parents react to policy measures
 

that seek to provide family planning information and reduce the costs
 

of modern birth control). To cope intelligently with rapid population
 

growth rates occurring in most low-income countries, one needs an un

derstanding of precisely this process of behavioral adjustment to
 

demographic and economic change and the resulting disequilibrium that 
it introduces into the family formation process.
 

TIME SERIES OF CROSS SECTIONS
1
 

A statistical accounting of changes in fertility over time is less
 

common than studies of cross-sectional variation. Because the histori

cal record is generated by so many interrelated and unobserved factors,
 
aggregate trends for nations and peoples do not generally provide enough
 

information to isolate readily how slowly changing demographic trends
 

1 This section draws on T. P. Schultz, Variation in Birth Rates 
Over Space and Time in Taiwan, 1964-1969, R-1079-RF, November 1972,. 
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affect the rate and structure of economic growth, and vice versa.. In 

the'sweep of historical time, marriage, fertility, and population growth
 

rates have often responded positively in periods of prosperity. At
 

other times, the pace of population growth has undoubtedly influenced;
 

for better or for worse the prospects for economic development. How
 

then should concurrent broad cycles of growth in both per capita income
 

and population, as widely noted by Kuznets (1966, 1967), Boserup (1965),
 

and Clark (1967), be interpreted? Should this be construed as evidence
 

that the elasticity of economic output with respect to population size
 

is greater than one, or that the elasticity of parent demand for numbers
 

of surviving children is positive with respect to per capita wealth,
 

holding unchanged the relative structure of prices and wages? Since
 

causation may operate in both directions simultaneously, at the macro
 

and micro levels, and feedback cycles are rarely separated distinctly
 

in time, historical trends in demographic and economic time series
 

have not yet divulged their message regarding the strength or even sign
 

of these underlying structural relationships. More sophisticated anal

ysis of aggregate time series is now getting under way (e.g., Kelly and
 

Williamson, 1972; Lee, 1972) and promising avenues for research are
 

also being opened up at individual l.vels, where historical demographers
 

are reconstructing longitudinal life histories for entire communities
 

(Eversley, 1966). In the interim, the puzzle that Kuznets has posed
 

is still with us.
 

A number of historians have constructed annual time series on har

vest cycles and birth rates at the local and national level (Thomas,
 

1941; Gille, 1949) to explore the Malthusian link between the economic
 

and demographic variables; the modern counterpart is found in high

income countries where study has focused on the association between
 

business cycles and birth and marriage rates (Ben-Porath, 1973; Galbraith
 

and Thomas, 1941; Hyrenius, 1946; Kirk, 1960; Silver, 1966, 1967).
 

But these short-run associations between prosperity and birth rates
 

would seem to be largely an effect on the timing of family formation
 

and not necessarily an effect on completed family size. Yet as Easterlin
 

(1961, 1968) has shown for the United States, certain swings in cohort
 

fertility can also be accounted for by intergenerational disparities
 



in living standards. Time series'studies of birth rates or cohort'cm

pleted fertility are even more scarce and less suitable for drawing
 

policy insights. Weaknesses and bias inherent in the study of only
 

cross-sectional evidence, particularly as relevant to evaluating new
 

policy interventions, were stressed earlier (Schultz, 1972).
 

Therefore, cross-sectional findings must be interpreted with cau

tion as estimates of the impact of slowly changing environmental con
1
straints on birth rates during a specific discrete interval. Discretely
 

lagged variables present several problems for interpretation. Since
 

these lagged variables approximate poorly the continuous distributed
 

lag functions, errors in measurement contribute to downward bias in the
 

estimated coefficients (Theil, 1971), understating the true long-run
 

effect of the variable on fertility. Conversely, a discrete short-term
 

lag may overstate the true short-run response, because of substantial
 

positive serial correlation in variable levels over time.
 

To improve the temporal specification and estimation of dynamic
 

behavioral relationships accounting for variation in reproductive be

havior, it may be essential to incorporate information from a time
 

series of cross sections. Individual specific but time-invariant ef

fects might then be isolated, and the overall disturbance separated
 

into its stochastic components. Estimates of the stochastic structure
 

to disturbances from pooled time series of cross sections may then be
 

used to obtain more efficient and unbiased estimates of the effects of
 

specified and observed factors on individual fertility.
 

Another issue that may be explored in studying time series is how
 

to approach disequilibrium in reproductive behavior analytically. The
 

existing static theor: of the determinants of fertility may help to
 

isolate communities where birth rates are atypically high, given the
 

configuration of environmental constraints confronting parents. In
 

Taiwan, family planning field personnel were found to have exerted
 

twice the effect in reducing birth rates among older women in such
 

atypically-high birth rate communities than they did in the atypically

low birth rate communities (Schultz, 1972). Evidence of "disequilibrium"
 

lSee footnote p. 24.
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in reproductive behavior derived by analyzing residuals from a regres

•sion model could become a useful method for stratifyin3 and studying
 

changes in fertility over time. The technique might Elso provide an
 

additional guide for efficiently allocating policy resources.
 

The static equilibrium theory of household time allocation and
 

decisionmaking must now be modified to incorporate dynamic elements of
 

The longitudinal complexiinnovation, search, and information costs. 


ties of intergenerational savings, transfers, and bequests require 
con

ceptual and empirical study as they relate to reproductive behavior.
 

RELATED HOUSEHOLD BEHAVIOR
 
In addition to estimating a fertility equation, structural equa

tions have also been estimated accounting for several classes of house

hold behavior that are closely related to fertility. Most of these
 

Only
investigations use simultaneous equation estimation techniques. 


the briefest outline of these studies, largely done at Rand over the
 

last five years, can be presented here.
 

Marriage has been most frequently analyzed in conjunction with fer

tility to answer the important demographic question of whether fertility
 

responds to a specific stimulus by means of variation in the timing and
 

duration of marriage or by variation in marital birth rates (see DaVanzo,
 

1972; Nerlove and
1971; Frieden, 1972; Harman, 1970; Maurer et al., 


Where data permitted, consens-
Schultz, 1970; Schultz, 1970, 1971b). 


ual as well as legal marriage has been studied (DaVanzo, 1971; Nerlove
 

and Schultz, 1970).
 

The work women perform in addition to household chores and child
 

rearing is likely to influence the opportunity cost they incur if they
 

have an additional child. Labor force participation, to the extent
 

that it cannot be readily combined with child care commitments, appears
 

to depress initially the probability of marriage and subsequently the
 

level of fertility within marriage (DaVanzo, 1971; Harman, 1970; Maurer
 

Although
et al., 1972; Nerlove and Schultz, 1970; Schultz, 1970). 


women's wages are frequently viewed as predetermined or exogenous from
 

the point of view of reproductive choice, DaVanzo (1971) has attempted
 

to also treat them as endogenous to the behavioral system estimated at
 



a regional level for Chile, Family (money) income depends in part upo, 

a woman's decision to participate or not in the market labor force,
 

but this variable has been treated as endogenous in only a few studies,
 

based on both individual and regional data (Harman, 1970; Nerlove and
 

Schultz, 1970).
 

Migration is another mode of demographic behavior that usually
 

does not occur independently of marriage, fertility, or labor force
 

attachments. Only in a few instances has migration been treated
 

within the context of a more complete model of family decisionmaking
 

(Harman, 1970; Nerlove and Schultz, 1970).
 

DaVanzo (1971) explored the potential determinants of child labor 

an effort to
force participation and child school attendance rates in 


make these proxies for the price of a child endogenous to the behavioral
 

system determining fertility. More work is needed along these lines
 

to account for the determinants of the returns on schooling in addition
 

to the demand for qualitative investments in child schooling.
 

Finally, to evaluate the mechanisms by which the family planning 

program in Taiwan influence birth rates, analysis has accounted for 

the regional rate of IUD acceptance as well as the direct and indirect 

(via IUD's) effects of the family planning program's field workers on 

birth rates (Schultz, 1971b). 

The cautious extension of the fertility model to encompass such 

additional areas of jointly and simultaneously determined household 

choice has illuminated the strong interactions among reproduction,
 

marriage, and the labor market participation 	 of women. Going outside
 

run overof this matrix, models of household behavior the danger of 

extending themselves without firm theoretical guidance; consistent esti

mates of structural equations may be purchased by increasingly large 
losses of predictive efficiency.1The basic problem with statistical
 

11
 
numer1Ths concer has been expressed cogently by Finis Welch in 


In other words, to assure that estimates converge to
 ous discussions. 

true parameter values with a very large sample, greater variance of the
 

At some point in the analysis of relatively
estimate is accepted. 

small samples, the increased variance of simultaneous equation estima-, 

tors, e.g., instrumental variables, may conceal more than will the in

consistent ordinary.least squares estimators with their smaller variance 

about a biased mean. 
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inference on the nature and magnitude of the causal relationships de

termining childbearing behavior is fertility's interdependency with
 

virtually all other life cycle choices. A necessary first step in any 
study of such a system of behavioral relations is to define its limi
tations. Constructing a chain of dependencies and closing the model
 

by selecting which variables are to be treated as predetermined must
 

at some point appear relatively arbitrary; nonetheless, this is the 

explicit starting point to model and study the determinants of fertility 

empirically in the context of a household decisionmaking model. Much 

work remains to be done.
 



-47-

V. 	 METHODS OF EVALUATING FAMILY PLANNING PROGRAMS: 
APPLICATION OF A FERTILITY THEORY 

This section reviews several methods for evaluating family plan
ning programs and comments on the strengths and shortcomings of each. 1
 

Evidence from Taiwan is summarized in Section VI to show how different
 
evaluation methods can yield different implications for improving policy.
 

An important conclusion to emerge from these two sections on policy 
evaluation is that the supply of family planning services may be an un
reliable indicarn of a program's impact on fertility withouL "holding
 

,.onstant" 	the underlying socioeconomic forces affecting desired fer

tillty. In order to isolate and evaluate the contribution of family
 
planning programs to the reduction in birth rates, "controls" are needed
 

for other changes occurring in a society that influence the demand for,
 

and supply of, children.
 

Programs that distribute welfare services freely to the public are
 

difficult to evaluate, Jfrst because program outputs are not typically
 

subject to comp-ehensive monetary appraisal or market valuation, and
 

second because there is some uncertainty regarding how costed program
 
inputs combine to produce desired program outputs. This section deals
 

only with the second point, without addressing the intricate and im
portant problem of assigning a social value to the program's objective.
 

More knowledge is needed on the interactions over time among economic,
 

social, and demographic developments to translate a statement on pro

gram effectiveness (interms of reducing birth rates) into a statement
 

on program benefits (in terms of values that can be compared legiti

mately with program costs). A rigorous cost-benefit analysis of popula

tion programs will thus require a better understanding than we now have
 

It is not feasible to review the vast and rapidly growing litera
ture addressed to family planning evaluation in this section; however,
 
alternative approaches are surveyed and a few examples of each class
 
of work are cited. Other surveys of the literature are noted: Bogue,
 
1970; Forrest and Ross, 1971; Kirk, 1971; Reynolds, 1972; and Ross,
 
1971.
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of the economic and social causes and consequences of changes-in fer

tility, and potential feedback effects of these changes on the evolv

ing character of social systems. 

KNOWLEDGE OF BIRTH CONTROL
 

Family planning advocates often assume that program success is
 

synonymous with the availability of information about modern means of
 

birth control. Increased knowledge of birth control is certainly one
 

measure of the success of a family planning program. But one may also
 

ask, how useful is this knowledge? How much do people benefit from it
 

and who are they? What welfare implications follow from the changed
 

patterns of behavior that result from the subsidized dissemination of
 
1
 

this new information?
 

DISTRIBUTION OF SERVICES
 

Family planning programs are evaluated typically according to mea

sures of services rendered by these programs and their complementary
 

activities--numbers of pills dispensed, IUDs inserted, traditional con

traceptives given away or sold at concessionary prices within the pro

gram. Somewhat more refined measures seek to account for the length
 

of use and effectiveness of contraceptives (Mauldin, 1967; Potter,
 

1969, 1971).
 

These measures of effectiveness derived from follow-up survey data
 

are deficient when used to translate a program's supply of contracep

tive services into an effect on the birth rate. One problem is that
 

one does not know what women who accepted a form of contraception in
 

1To demonstrate the expressed need for family planning programs,
 
sample surveys were designed to inquire into contraceptive Knowledge,
 
Attitudes and Practices (KAP). By one count, 400 KAP surveys have
 
been conducted in 67 countries (Mauldin et al., 1970). Aside from the
 
controversial problems of eliciting meaningful and accurate responses
 
to questions on these personally sensitive and complex matters, the sub
sequent use of ICP surveys to evaluate family planning programs has
 
raised another issue. Is one primarily interested in announced inten
tions and admissions of knowledge or in actual reproductive behavior?
 
A shift in the content of KAP surveys from contraceptive knowledge and
 
use toward actual fertility behavior may facilitate the application of
 
new evaluation methods such as those proposed here.
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the program would have done without the program. To what extent do 
family planning programs transfer the demands for birth control from
 

the private marketplace to the lower-cost sources of government
subsidized supply? Similarly, if women adopting modern birth control
 

techniques had been employing traditional schemes of limited, but posi

tive, effectiveness, the impact of the program on the birth rate would
 
be only a fraction of that implied by the contraceptive potential of
 

the birth control devices distributed by the program. The magnitude
 
of this "substitutioneffect" remains unknown unless appropriate fer

tility analysis is also undertaken (Schultz, 1971a).
 

The second problem with this method of program evaluation is its
 
inability to cope with the general diffusion of information fostered
 
by the program that may alter reproductive behavior but not necessarily
 

influence the flow of birth control services and supplies provided
 
through the program. For example, the spread of the idea of family
 
planning may stimulate interest in traditional and modern forms of
 
birth control which may be partially satisfied in the private market

place and not through the program itself; or anticipating this possi
bility, parents may shift the timing of births and other life-cycle 

activities (Keyfitz, 1971; Virk, 1971; Schultz, 1971d).
 

BEFORE AND AFTER COMPARISONS 

The fertility of program participants has been found to be higher 
before than after their involvement in family planning programs
 
(Freedman and Takeshita, 1969; Reynolds, 1972; Robinson, 1959; Ross, 
1971). Attributing this change to the program itself, though, is bound
 
to overstate the program's effect. To ;,hat extent is the subsequent 

decline in fertility the result of the program rather than of the char
aoteristica of people who tend to accept contraceptive services in the 
program? Acceptors are self-selected for being highly motivated family 
planners, and they may be prone to practice effectively whatever method
 
of birth control they adopt. Also, they tend to be persons who have
 
experienced above average fertility recently--perhaps owing to their
 
greater fecundity or less effective prior knowledge of birth control
 
(Chow et al., 1968; Freedman and Takeshita, 1969; Population Council
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reporti 1971). Indeed, this atypical past performance is one explana

tionfor their current motivation to restrict future fertility, and a 
substantialfraction of the difference between fertility rates before.
 

and: after participation in, a family planning program is likely to have 

occurred without a program.(Kirk, 1971;,Reynolds, 1972; Ros, 1971).
 

HATCHING STUDIES
 

Hatching studies,,are designedto control for'the "substitution ef
fect.". They are structured to compare one group of women who 'accept
 
some form of contraception in the program with a control who has not'.
 

entered the program., Observations are matched retrospectively by such
 

characteristics as age, education, number of births, and time since
 

last birth. Evidence of higher fertility in the control group than in 

the program acceptor group can be translated into an,estimate of the
 

program's effectiveness in reducing the birth rate (Chang et al., 1969;
 

Okada, 1969; Takeshita et al., 1964).
 

Although an improvement over program evaluation methods that rely 

only on the supply of contraceptives dispensed, the matching approach
 

is costly, time consuming, and still vulnerable to biases.. If a pro

gram contributes to available information about family planning (as-it
 

certainly must) and thereby influences some people in the control group
 

to obtain improved methods of birth control from private sources, the
 

matching study understates the impact of the family planning program
 

on the birth rate. However, the matching procedure itself may over

state the role of contraceptives dispensed by the program because women
 

who adopt contraception in the program are self-selected (hence non

random) and are likely to be more highly motivated to limit their sub

sequent fertility than those in the control group, regardless of the
 

1 Follow-up surveys have found evidence consistent with this hypo
thesis, for where women have discontinued program-prescribed contra
ception their subsequent birth rates do not increase substantially.

Highly motivated family planners may drop one particular method of
 
birth control but accomplish their goal of averting further births by
 
other means, especially abortions (Freedman and Takeshita, 1969; Popula
tion Council report, 1971; Ross, 1970).
 



,effort++made to.mat.ch on objective ciaracteistics+;+.+How these!,.twobiases
 

balance out is unknown. 

EXPERIMENTAL DESIGN 

The ideal design for evaluating family planning is one in which 

the distribution of family planning activities is costed for different 

feasible policy mixes (one being perhaps the classic control in which 

no.; activities are supported). These. treatments are then. allocated 

randomly across regions;, in other words, treatments are distrtbuted,. 

independently of individual motivations and, tastes, and independently. 

of environmenta 7rnetors that might affect desired reproductive be-, 

havior. Assuming such an experimental design,. the sqbsequent statis

tical relationship between program inputs and. fertility may, be inter-,' 

preted. as an. unbiased estimate (over the time horizon, considered). of 

the program's effectiveness in influencing the number of births.
 

The prime example of experimental design in family planning was 

conducted inTaichung City, Taiwan (1963-1964). In this experiment. 

socia-l scientists and government officials undertook the laborious and, 

time consuming task of obtaining experimental data from a,large-scale:
 

social action program (Freedman and Takeshita, 1969, .Chapters 6-12).. 

Freedman and Takeshita analyze mainly the acceptance of contraception,. 

and. thus do not link different levels of program activity with the ulti

mate impact they might have had on reproductive behavior. Nonetheless, 

because !of their carefully conceived experimental design, one may be. 

more confident,in this instance than in most atudies of changes,in qon

traceptive practice that.the program's effect on the adoption of modern 

contraception.had a parallel impact on birth rates, at least in the 

short run. 

One problem with the Taichung experiment was the uncontrolled in
 

terregional diffusion of knowledge. Intensive program activity in one.
 

neighborhood (one of 2400 small yin that comprise the city) spilled
 

over and appeared to influence contraceptive acceptor rates in adjacent
 

neighborhoods (Hermalin, 1971, pp. 134-139). In this original study
 

no method was proposed to take account of this indirect diffusion ef

fect, and thus the observed relationship between program activity and
 

http:to.mat.ch


(contraceptive) behavior was biased toward zero, understating the total
 

(direct and indirect) effect of the program on behavior. A similar 

tendency occurred on a larger scale in Taiwan, where aboriginal regions
 

were not allocated program activities initially, but surveys revealed
 

that individuals from these regions migrated substantial distances to
 

obtain program services. 

The experimental approach to policy evaluation has great appeal 

to the social scientist, but government support for experimentally de

signed action-evaluation programs has generally been more restrained.
 

Often, what is called "experimental design" is actually only aggregate 

comparisons of fertility for two or a few regions that have been sub

jected to different program treatments (Bang, 1968; Bean and Seltzer, 

1968; Rochat et al., 1971; Ross, 1971). Although experimental design 

is a useful mode of comparative analysis, it requires the study of a 

larger number of units to which, ideally, treatments are randomly al

located where environmental factors considered important cannot be 

identified or measured. Program administrators are understandably in

clined toward policy options that promise immediate results rather than 

long-term research findings. Consequently, experimental design ap

proaches to the evaluation of family planning have not been sufficiently 

exploited. 

An experiment's initial structure determines how efficiently in

formation will be obtained for making the best allocation of a program's 

resources. As knowledge of the determinants of fertility and family 

planning behavior increases, experimental design and information sys

tem in general can be focused more efficiently on the crucial policy 

choices (Butz and Schultz, 1972). For example, what are the critical 

environmental variables that should be experimentally or statistically 

controlled? What criteria should be used to stratify the sample, and 

how is one to determine relative sampling rates among these strata? 

What key dimensions of program activity should be varied across regions
 

and in what combinations? How large should such regions be to minimize
 

problems of information diffusion, given the mobility of the society?
 

Cognizant of the cost of social experiments and the time they re

quire to plan, implement and evaluate, managers of population programs 
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can also utilize analyses of nonexperintal data (i.e., surveys, cen
susesp, and program records) that can help to clarify the contribution
 
of family planning programs to declines In fertility, holding constant 
for observable socioeconomic factors that are both outside of a family's
 
control and influential in determining reproductive goals (Schultz,

1971d).
 

HOLDING CONSTANT THE EFFECTS OF ENVIROMENTAL CHANGE
 

To avoid the uncertainties of translating family planning services
 
or contraceptive adoption into births averted, analysis may deal di
rectly with reproductive behavior and attempt to infer the relationship
 
between population program activities md the subsequent fertility
 
level. 
As stressed earlier, this task is plagued by all the traditional
 
difficulties of statistical inference in the social sciences. 
Without
 
experimental data, confidence that statistical associations reflect
 
cause-and-effect relationships rests on the realism of the abstractions
 
embodied in the statistical model and the appropriateness of the tech
niques and data used to estimate the parameters of that model (Hermalin,
 
1971; Schultz, 1971b). In other words, the evaluation of population
 
policy based on nonexperimental data requires a theory of fertility
 
determination to suggest a statistical framework and specify the ap
propriate control variables. 

To infer how program activity influences birth rates, analysis of
 
nonexperimental data must simultaneously evaluate two sets of factors.
 
First, environmental determinants of parents' family size goals must
 
be identified and approximated by observed variables. Second, family
 
planning activities that reduce the number of ill-timed and unwanted
 
births must be specified in as much detail and as comparably as possi
ble across different target populations. Complete specification and
 
accurate measurement of both sets of factors should allow the analyst
 
to infer the independent contribution of each to the birth rate level. 1
 

1Since the appropriate specification and measurement of the en
vironmental and program elements of the model will be subject to con
troversy for some time, statistical inferences with regard to policy

evaluation will also be controversial. Consideration of alternative
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Because the many social and economic .constraints and opportunities
 

that might reasonably influence desired reproductive behavior may be
 

correlated, all relevant factors outside the control of the family
 

should be considered together to appraise, without bias, their joint
 

and individual influence on the birth rate (see Section III). The com

plexity of this problem precludes as impractical the convention of
 

partitioning the population until groups are obtained that are presum

ably homogeneous with regard to all influential factors except program
 

inputs. As a practical matter of statistical analysis, a functional
 

form must be adopted to relate the various factors to each other and
 
to the birth rate. The parameters of this functional relationship
 

are then typically estimated by multiple regression procedures.
 

The dependent variable in the relationship accounting for repro

ductive behavior is not adequately described by a crude birth rate be

cause of differences in the age and sex composition of the population
 

over time and across regions that influence this measure. Also, birth
 

rates for women of one age group at one stage in their life cycle may
 

respond to identical conditions very differently from birth rates for
 

women of another age group. For example, the decline in birth rates
 

that emerged in Taiwan after the mid-1950s did not occur evenly across
 

age groups; it was accentuated among women 30 years of age and older.
 

It might be hypothesized that family planning programs mainly re

duce fertility by facilitating a decline in birth rates among older
 

women. But programs may also influence reproductive behavior of younger
 

women in a variety of more complex ways. Therefore, in evaluating
 

population programs, age-specific and age-standardized birth rates are
 

more appropriate for analysis than are crude birth rates, but it re

mains very difficult to distinguish changes in the "tempo" of repro

duction from changes in the completed fertility of cohorts without
 

allowing for the passage of time until younger cohorts have completed
 

their childbearing years (Ryder, 1969). Changes both in the timing of
 
births and the size of completed family may occur in response to
 

formulations of the statistical model should gradually narrow the range

of uncertainty that now attaches to conclusions about the effect of
 
population policies.
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population program activity and, therefore, short-run estimates of the
 

response of age-specific birth rates should be interpreted with utmost
 

caution, particularly for younger cohorts in which timing is likely to
 

play a substantial role.
 

For example, if a family planning program informs young parents
 

that they can reliably stop having children at an earlier age than
 

their parents did, they may be persuaded to have their children closer
 

together than their parents did, increasing the birth rate for younger
 

aged women. Improved understanding of modern birth control could,
 

therefore, be responsible in the short run for higher birth rates among
 

women in their twenties, at which age they are likely to concentrate
 

their childbearing, and lower birth rates among women in their thirties
 

or forties (Keyfitz, 1971; Schultz, 1971d). Under these circumstances,
 

increased birth rates for young women need not imply increased completed
 

cohort fertility.
 

The impact of family planning programs on the childbearing of
 

younger women may also vary over time, if the program is responsible
 

for changes in the spacing of births. Part of the initial impact of
 

the program in reducing births might only reflect a displacement of
 

births several years hence, creating a subsequent unusual bunching of
 

births at that time. Such oscillations in birth rates among younger
 

women would quickly damp out.
 

SUMMARY OF EVALUATION HETHODS
 

Table 4 sumnarizes the alternative methods for evaluating the ef

fectiveness of family planning programs. KAP (Knowledge, Attitudes,
 

and Practije of Contraception) surveys can document the spread of know

ledge about, support for, and interest in family planning. But KAPs
 

have not yet been shown to be satisfactory for evaluating effectiveness.
 

The environmental determinants of desired fertility have generally
 

been unaccounted for in the study of coincident trends in contraceptive
 

use, reproductive behavior, and program activity. The more comprehen

sive approach to effectiveness evaluation based on an analysis of an
 

exparded economic-demographic household survey is currently being dis

cussed (Butz, 1972; .Butz and Schultz, 1972), but has not been adopted.
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Table 4 

.SIMART OF METhODS FOR EVALUATING FAMILY PLANNING PROGRAMS 

Capacity to Estimate Program Effect on: 

Infer Number of 
Changesin Environment Births Averted 

Estimated 
That Affect Desired 

Fertility 
by Program 
Activity 

Mmiimum Substitution 
Years Effect from Evaluating 
from Birth Other Methods Hold These Role of 

Plans to Control of Factors Individual On the At the 
Class of Method Analysis Use Birth Control Constant Factors Averagea Margins 

I. KAP surveys of change in family 
planning: 
A. Knowledge/attitudes 1 No No No No No No 
B. Practices 1 Yea No No No No No 

II. Services provided by program, 
either specific categoriea 
or aggregate formula, e.g., 
couple years of protection .3 No No No No No No 

III. Hatching studies, retrospective
controls for program partici- b b b b 
pants 2 Tes Yes Yes No Yes No 

IV. Experimental design, prospec
tive control or random
 
allocation of treatments to
 
study program effect on:
 
A. Contraceptive behavior 1-2 Yes Yes Yes 
 Noc Yes Possibly

B. Reproductive behavior 2-3 no 
 Yes Yes Noc Yes Possibly
 

V. Multiple regression analyses of
 
environmental determinants of
 
reproductive behavior incon
junction with program activity b
 
and birth control use 2-3 Yes Yes Yes Yes Yes Yes
 

aAllowances may be made ror changes in the returns to scale of program activity in the rgression model, which per
mits one to estimate separately total (average) and marginal effectiveness of personnel. Not only is the marginal ef
fectiveness estiamte the correct criterion for incremntal policy choices regarding the personnel mix, it is also the
 
slope of the regression surface for which estimates tend to be most precise. The total and average, i.e., total di
vided by units of effort, effectiveness estimates should therefore be interpreted with great caution.
 

bprobably subject to some bias.
 

eExcept for factors that are identified and measured for the treatment units on which analysis of variance can be 
based.
 



.The impact of family planning programs on fertility cannot be as

certained conclusively from follow-up surveys of program participants, 

but in conjunction with matching studies they may provide a valuable 

first approximation of program effects.
 

Prospective experimental design is the most certain, but most 

costly, method for estimating the effect of programs on fertility. 

The costs of social experiments in terms of resources and elapsed time 

are apparently sufficient to deter their widespread use. Only one 

"true" experiment, in Taichung City, is known to this author; and its 

focus on contraceptive practice, rather than fertility, reduces its 

value for evalue'.nr program effectiveness. 

Finally, nonexperimental data can be analyzed to infer the marginal
 

contribution of specific program activities to the decline (or rise)
 

in birth rates. This approach requires information on reproductive be

havior, relevant program activities, and the environmental factors out

side the family's control that are presumed to influence desired fer

tility. These environmental determinants should be prescribed by an
 

integrated theory of fertility determination and include, but not be
 

limited to, child mortality, educational attainment of both parents,
 

and their earnings opportunities. Holding constant for these environ

mental determinants of desired fertilitv, the partial association be

tween program activities and the birth rate may be cautiously inter

preted as evidence of the program's impact on fertility over the
 

specified period. Intermediate effects of the program on contraceptive
 

practice can also be evaluated, and public policies can be weighted that
 

might change the socioeconomic environment of parents to accelerate
 

change in family size goals.1 This evaluation methodology may be pur

sued on the basis of areal data or individual survey data matched to
 

regions where program activities have differed. Section VI reports
 

1Even in countries such as Taiwan, where family planning has been
 
a great success in reducing birth rates, there is evidence that the
 

"ideal" family size has not changed substantially. Thus any policies
 
that indirectly facilitate the change in family size norms or goals
 
such as health, education or manpower programs may appear an attractive
 
supplement to family planning programs in a long-term formulation of 
population policy for low-income countries.
 

http:evalue'.nr


and compares such an investigation of Taiwan with evaluations of the 
family planning program based on the more traditional measure of suc
cess, the rate of program-subsidized acceptance of contraceptives. 
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VI* -EVIDENCE OF: THE EFFECTIVENESS OF FAMILY 
PLANNING IN TAIWAN!
 

If family planning programs are evaluated in terms of their ca
pacity to provide contraceptive services, the record of program effec

tiveness may not accurately portray the program's Impact on fertility.
 

To show that this is a real possibility, this section sunmarizes the
 

empirical results from different methods of evaluating the Taiwan fam

ily planning program. Taiwan is the focus of this section because of
 

its excellent dna. b-se.1 Its family planning program is probably one
 

of the most successful and cost-effective in the world, and certainly
 

is one of the most frequently studied.
 

Our problem is essentially how to assemble available information
 

on recent occurrences in Taiwan to infer the independent effect of
 

family planning on birth rates.2 To evaluate the acceptance of par

ticular contraceptives in a program requires a leap of faith when birth
 

control supplies are converted into births averted or fertility changed
 

by these intermediate measures of program output. The preceding sec

tion suggests that evaluation of family planning program effectiveness
 

should deal directly with fertility and allow for the concomitant changes
 

in the society that are also responsible for evolving reproductive pat

terns.
 

'Many technical issues are omitted here. More detail may be found
 
in the Rand reports and papers by Schultz (1971a, 1971b, and 1972); in
 
the classic study of Taiwan by Freedman and Takeshita (1969); and in
 
that by Hermalin (1971).
 

2any individuals have helped in the progress of the author's ear
lier studies on Taiwan. In particular, the guidance and insights of
 
Drs. L. P. Chow, S. C. Hsu, T. C. Hsu, and T. H. Sun were useful. At
 
an early stage, helpful comments were also obtained from Professors
 
R. Freedman, A. Hermalin and W. C. Robinson.
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The behavioral relationship first analyzed is that between the
 

birth rate and (1) environmental determinants of the number of sur

viving children parents want--specifically, adult and child education
 

and the agricultural composition of the labor force; (2) the child
 

death rate; and (3) family planning activities. The theoretical and
 

empirical rationale for the model is discussed elsewhere (Schultz, 

1969a, 1971d, 1972a). The data are from the 361 small administrative
 

iits i n Taiwan for the years 1961 to 1969. Both indirectly age

standardized birth rates and directly ob|erved age-specific birth rates
 

are considered as dependent variables in multiple regrersion analyses.
 

MULTIPLE REGRESSION MALYSIS OF BIRTH RATES
 

Regional age-standardized birth rates are inversely associated 

with the regional allocation of family planning program field person

nel from 1965 to 1967 when child mortality, schooling, agricultural 

composition of the male labor force, and female educational attainment 

are heid constant using multiple linear regression techniques (Schultz, 

1971d, 1972a). Sharply diminishing rcturne to scale of program activity 

are nonetheless evidenctA-, particularly after 1965, as seen in Table 5. 

The marginal effectivenessI of program personnel ot average employment 

levels diminished from 1965 to 1969 as the cumulative level of program 

activity grew (read down columns in 'Cable 5). It is also found (not 

shown in Table 5) that in each single year the marginal effectiveness 

of personnel was relatively less in regions where past program activity 

was more Inte&se (Schultz, 1971d, 1972a). Both independent pieces of 

evidence confirm that more intensive efforts of field workers are sub

ject to diminishing return- whether spread out over time or not: doubl-

Ing personnel for a given population did not double the number of births 

averted by the program. 

Part of thi excplanatton for the weakening relationship between 

program inputs and the level of age-standardized birth rates can be 

foid in the differential effects of the program on women of different 

ages (Table 5). Program inputs are most noticeably linked to lower 

'See discussion In footnote a, Table 4. 



Table 5
 

KAIGIKAL AND TOTAL EMFECT OF FIELD WORKERS ON BIRTh RATES IN TAIVAN, 1965-1969*
 

(Percent change)
 

Overall Age

Year/Typ, of 
Workerb 

-

15-19 

Age-Specified Birth Rates 

20-24 25-29 30-34 35-39 40-44 45-49 

Age-
Specific 
Effect 

Standardized 
Crude Birth 
Rate Effect 

1965 
?II-Karinal 

Total 
VHEN-Harginal 

Total 

-3.b3 
-21.21 
-6.82 

-10.57 

-0.55 
-2.56 
-0.79 
-1.18 

-0.28 
-1.72 
0.22 
0.47 

-0.82 -2.48 
-5.751 -13.87 
-2.29 -4.99 
-4.25 -8.68 

-2.85 
-16.29 
-6.67 
-12.37 

-0.68 
-1.67 
-8.79 
-14.97 

-0,93 
-5.43 
-1.69 
-2.86 

-1.00 
-5.75 
-1.62 
-2.72 

1966 
PPIIW-arginal 

Total 
VHEN-arinal 

Total 

-0.48 
-20.80 
-3.88 

-12.59 

0.01 
-2.90 
-0.50 
-1.24 

-0.13 
-2.10 
-0.28 
-0.61 

-0.36 
-5.57 
-1.86 
-6.11 

-0.80 
-19.17 

-4.54 
-16.61 

-0.84 
-26.68 

-5.90 
-19.91 

-0.58 
-11.57 
-6.74 

-20.6c 

-0.24 
-6.49 
-1.44 
-4.64 

-0.26 
-6.79 
-1.54 
-5.03 

1967 
PPH-Karginsl 

TotalVNtE11-thrginl 

-0.32 
-24.34-3.151 

-0.04 
-4.20-0.28 

0.05 
1.060.' 

-0.26 
k2.O4-1.001 

-0.50 
-27.12-2.881 

-0.91 
-43.60-5.16 

-1.10 
-71.49-8.75 

-0.13 
-8.46-0.81 

-0.13 
-8.88-0.79 

Total -16.70 -1.73 1.17 -5.48 -18.30 -28.89 -40.09 -4.75 -4.40 

1968 
PPHW-Marginal 

Total 
VHEN-rginal 

Total 

-0.03 
-16.20 
-0.16 
1.28 

0.04 
-1.15 
0.22 
2.77 

0.02 
5.58 
0.06 
0.26 

-0.15 
-4.65 
0.05 
1.57 

-0.40 
-25.74 
-0.95 
-3.18 

-0.43 
-38.27 
-0.90 
-3.82 

-0.62 
-57.73 

-1.85 
-5.32 

-0.05 
-3.55 
-0.02 
-0.90 

-0.06 
-4.84 
-0.14 
-0.35 

1969 
PPl(-INarginal 

Total 
VHEN-arginal 

Total 

-0.09 
-12.93 

0.9 
3.31 

0.20 
2.23 
2.65 

14.48 

0.19 
14.14 
1.42 
7.66 

-0.01 
-1.06 

1.06 
5.82 

-0.13 
-12.50 

0.26 
1.471 

-0.08 
-7.09 
0.14 
0.79, 

0.00 
0.06 
0.00 

-0.02 

0.01 
-2.92 
0.98 
5.34 

0.01 
-3.62 
0.91 
4.98 

%Hsrninaleffectiveness is the percentage reduction in the age-specific birth rate associated 

with employing an additional tenth of a man month of field personnel per thousand women of child

bearing age. Thi estimate Isderived from the regression coefficients reported in (Schultz. 

1971d) evaluated at the regression nans, i.e., assuming the initial starting point il the aver-
Total personnel effectiveness is the percentage change in age-,pecificage of program inputs. 

birth rates onnociated uith a change In program inputs from zero (no program) to their mean value 

(average progr= activity). See also footnote a to Table 4.
 

bThe abbreviations refer to the two classes of family planning program field personnel. i'PIW 

denotes the Pre-Prognancy Health Workers, the more widely used full-time program employee. VIIEN 
recruited half-time to work in the familydenotes the Villoge Health Education Nuraea who were 

planning program and were gradually phased out of the program after 1966. At full-time equiva
lents, the two classes of personnel were paid about the sae monthly salary, and apparently their 

training costs In the program were also similar. Comparisons of total effect should be qualified 

by noting that tle program employed about seven times am much of the PPHI's time as it did of the 

VHE~ls time by 1967 or 1968. 



birth rates among women 30 years and over. Among these prime candidates 

for family planning assistance (who are most likely to already have the 

number of surviving children they want), the distribution of field per

sonnel is strongly associated with substantial declines in age specific
 

birth rates.
 

A very different pattern of program effectiveness emerges from the 

study of birth rates among women under age 30. In 1965, the first year 

that the national program affected birth rates, field personnel appear 

to have elicited reductions in all age specific birth rates, although 

their impact among the younger women was mostly among women 15 to 19. 

After 1967 the tendency becomes increasingly statistically significant 

for birth rates among women 20 to 29 to be higher in regions intensively 

canvassed by family planning program field workers. This tentative 

evidence is consistent with the hypothesis advanced earlier that where 

reliable birth control methods are understood and accessible, marriage 

need not be delayed, and child spacing, if more widely practiced, may 

produce oscillations in birth rates among younger women. 

Another implication of the results in Table 5 is that one class
 

of field workers in the program--the Village Health Education Nurse
 

(VHEN)-is more effective in reducing birth rates than the other class 

of field worker--the Pre-Pregnancy Health Worker (PPHW). The PPHW is
 

trained to contact and recruit mothers systematically, generally in
 

their thirties, with a recently recorded birth; the VHEN is instructed
 

to spread the principles and practices of home economics, family sanita

tion and hygiene, and family planning to the entire village population.
 

The observed pattern of differing age-specific effectiveness of these
 

two classes of field worker is, therefore, not Implausible (Schultz,
 

1971a).
 

The VHEN were relatively more cost-effective at the margin of
 

their employment than the PPHW in reducing the crude birth rate in 

1965 through 1967. If these estimates are approximately correct, the 

program would have had a substantially greater impact on birth rates 

each year if more VHENs and fewer PPHWs had been employed, holding 

constant total program expenditures. The program has, on the contrary, 

increased its reliance over time on the PPHW and removed VHENs from 
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the program. This may represent a costly departure from optimal-istafft 

structure. Why has this occurred? 

ANALYSIS OF ACCEPTOR RATES AS A BASIS FOR PROGRAM EVALUATION
 

The principal measure of "success" and evaluation in the Taiwan 

family planning program has been the percentage of women between the 

ages of 20 and 44 accepting an IUD insertion. This "acceptor rate," 

along with more sophisticated variants computed at the local level,
 

has been used to determine work quotas for PPHWs, and bonus incentive
 

payments have been awarded on the basis of quota achievements and the
 

number of referrals a local PPHW receives from women accepting an IUD.
 

These sources of information on program accomplishments and personnel
 

effectiveness suggest that the program operated at approximately con

stant returns to scale as it grew in size from 1964 to 1968, and that
 

the PPHW was a much more effective field worker than the VHEN. More
 

recent evidence, however, has indicated that referral information be

came increasingly biased in favor of the PPHW, probably because of

2 

differential monetary incentives for recruiting IUD acceptors. One
 

1See, for example, Robinson's estimates that suggest the average 
cost of an IUD insertion did not rise markedly in the Taiwan program 
in the first several years of program expansion (Robinson, 1959; also 
Ross et al., 1970). 

2As the program developed, doctors and health station workers in

creasingly gave "credit" for referrals to the local PPHW, for they 
recognized that this would help her reach her quota (and receive her 
financial bonuses) while having no effect on their status (Freedman 
and Takeshita, 1969, pp. 316-317). Because the bonus incentive pay
ments were awarded to only one cl3s of responsible personnel, these 
payments apparently introduced a !rowing bias in the referral informa
tion that was intended for program evaluation purposes. For example, 
the PPHW referrals increased from 36 percent of the total in 1964 to 
62 percent in 1968, whereas VHEN referrals fell from 7 to 3 percent in 
this period (Freedman and Takeshita, 1969, Table XIII-2, p. 317). A 
follow-up of IUD acceptors conducted in 1966 confirmed that acceptors 
report the PPrW as their primary source of information on the IUD eight 
times as often as they report the VHEN (Freedman and Takeshita, 1969, 
p. 318). Since only six times as many man-months of PPHW as VHEN were 
employed in the program through 1966, the PPHW exhibited somewhat 
greater average effectiveness in fostering the acceptance of IUDs than 
did the VHEN in these early years. Regression analysis of local accep
tor rates provides some confirmation for this conclusion (Schultz, 
1969c, p. 41).
 



may speculate that the decision to increase program employment of PPHWs
 

and decrease program employment of VHENs was made with access only to
 

the referrat information frum the first two years of program operation
 

and the 1965 survey study of who accepted IUDs. The apparent superi

ority of the PPHW implied by these data would have reasonably justified
 

the employment decisions actually made.
 

A sharply contrasting image of the relative cost-effectiveness of
 

field personnel emerges unambiguously from the summarized analysis of
 

the more appropriate indicator of program "success," namely the pro

gram's contribution to reducing the birth rate. Both the marginal and
 

average effectiveness of the VHEN in reducing birth rates exceeds that
 

of the PPHW from the first years of the program until the VHEN were
 

phased out.
 

GUIDELINES FOR EVALUATION
 

In this important area of social policy, it is disconcerting that
 

different evaluative approaches yield different conclusions with re

gard to the program's overall impact, changes in returns to the scale
 

of program activity, and the relative effectiveness of various classes
 

of field workers. More research will be needed to determine the rea

sons for these differences in policy conclusions, but plausible explana

tions for these inconsistencies imply a number of guidelines for future
 

policy formulation and program evaluation.
 

First, analysis of intermediate outcomes in a family planning pro

gram, such as the number of IUD acceptors served or a formula combina

tion of services rendered (Lee and Isbister, 1966; Mauldin, 1969), may
 

not accurately reflect the final impact of the program on birth rates
 

(Bean and Seltzer, 1968), especially when various workers receive dif

ferent incentives for disseminating intermediate products (Schultz,
 

1969c) and no information is obtained on the role of the private market
 

for birth control (Kirk, 1971). There is an obvious need to focus more
 

analytical study on what social and economic forces outside of the fam

ily's control account for existing fertility patterns. Only when agree

ment is reached on this broader behavioral framework for the study of
 

fertility can one hope to isolate the contribution of population programs
 



to the reduction in fertility. It must be recognized, nonetheless, that
 

the study of fertility as 	a final output rather than acceptance of fam

ily planning services requires more lead time than may be available for 

some policy decisions.
 

Second, day-to-day information on the functioning of a program 

of data toshould be drawn from unbiased and broadly based sources 

to assure that these operationalimprove short-run policy making and 

guidelines approximately coincide with those derived from longer-term
 

studies of the program's final impact on fertility. If demands for
 

had been monitored inall forms of birth control, including abortion, 

Taiwan, whether ,r'evwere 	satisfied within or outside of the program,
 

emerged at an earlier a different image of program success might have 
1 

date. 

Third, a potential problem with inference from nonexperimental
 

data is that statistical associations between treatments (levels and
 

mixes of program activity) and outcomes (levels of birth rates) may
 

The geographical distribunot denote cause-and-effect relationships. 


tion of program activity may parallel some social forces that were
2 
If
neglected in an evaluation design, such as that used in Taiwan. 


these forces were themselves responsible for variation in birth rates,
 

their effect might be spuriously attributed to program activity.
 

1Greater reliance on the marketplace for dissemination of birth
 

control services and supplies might increase the effectiveness of pro

grams and provide the means for monitoring demand satisfied through 
For example, field staff might offer potential clients
the market. 


doctor or contraceptive supdiscount vouchers that had cash value to a 


plier equal to the public 	sector program costs of providing that par-

Great caution must be exercised, however,
ticular service or good. 


when any such incentive scheme is used, in order to determine precisely
 

how these payments bias the flow of information about the program's
 

Many such schemes have been used in experimental form in
 success. 

rare in other programs.Taiwan, but they are far too 

2In the case of Taiwan the simple correlations between the alloca

tion of VREN and PPHW and birth rates were quite modest; for 
example, 

1967 personnel and 1968 age-standardized birth rates were correlated 

-0.04 and -0.05, respectively. Nor were the personnel inputs strongly 
child


associated with the explanatory variables of fertility, such 
as 


death rates, -0.14 and -0.12, or women's education, -0.09 
and -0.10,
 

respectively (see Schultz, 1971d, Table D-4).
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It would be advisable, therefore, where it did not compromise the 

program objectives, to plan the geographic distribution and mix of pro

gram activities with the aid of some random selection process. For 

example, the same total expenditure per capita could be allocated to 

each region, but where and when to build and staff schools or health 

or family planning facilities would be decided independently of com

munity characteristics. Eventually, all communities would have all 

facilities, but in the interim this mode of advanced planning would
 

permit the unbiased evaluation of the effects of each class of activity
 

on fertility.
 

TENTATIVE CONCLUSIONS
 

The problems of evaluating population programs are not easily re

sclved; indirect inferences or seemingly arbitrary assumptions cannot
 

be avoided at one stage or another, for there are unobserved links in
 

the complex chain of events that relate policy instruments to ultimate 

policy objectives. It has been argued here that the tenuous link be

tween the distribution of family planning services and the resultant
 

decline in births must be statistically estimated if the evaluation of
 

population programs is to be improved.
 

The approach adopted here has been to observe births directly and
 

develop a conceptual and statistical framework within which it should
 

be possible to obtain unbiased estimates of the average and, more im
1 

portant, marginal effects of program activities on birth rates. The
 

inferences for policy drawn from this methodology in the case of the
 

family planning program in Taiwan differ systematically from those 

derived from other approaches aimed at measuring services. The program's 

initial impact on the birth rate in 1966 and 1967 appears to have been 

greater than previously estimated, but the program has also been subject 

to diminishing returns as personnel inputs have accumulated over time. 

Although this analysis does not indicate why the program's impact has 

been so substantial or transitory, it may be due to the initial 

1Note distinction between average and marginal effectiveness of
 
personnel drawn in footnote a, Table 3.
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innovative effect of birth control information disseminated by the pro
gram's field staff; clearly, it is not entirely a consequence of the
 
acceptance of the particular contraceptive (IUD) initially emphasized
 
by the program (Schultz, 1971b).
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.VII. SUMMARY AND POLICY CONCLUSIONS
 

There are several ways a society may influence its fertility level
 

and population growth rate if it decides changes are socially desirable.
 

It may legalize and subsidize the dissemination of birth control know

ledge and related goods and services, making it easier for people to
 

avert unwanted births. It may go even further and try to influence the
 

number of children parents want, sensing that at this time a divergence
 

exists between private and social interests in having additional chil

dren. Two options are then ope-i. Payments and/or penalties may be
 

introduced to elicit directly from individual parents the desired change
 

in reproductive behavior. Alternatively, social policy may be promoted
 

that changes the structure of household opportunities in order to af

fect indirectly the number of children parents want. Although it would
 

be premature to suggest that the demand approach to understanding fer

tility determinants has yet shed much light on the design and evalua

tion of population policy, this general theoretical approach might help
 
in the future to choose among these classes of policy measures and aid
 

in their individual effectiveness evaluation.
 

FAMILY PLANNING EVALUATION
 

The most common approach to evaluating family planning programs
 

is to measure the program's output of services per unit of input. In

formation on the age of individuals accepting a method of birth control
 

in the program and the clinically estimated effectiveness of the method
 

they adopt can be converted to a sophisticated measure of the potential
 

number of births averted by the program's services, given the biologi

cal fecundity of "acceptor" population. But no method has been devised
 

to estimate the extent to which program subsidized services replace or
 
substitute for other higher cost and perhaps less reliable sources of
 

birth control available in the private marketplace. The more price
 

inelastic parent demand for children is, the smaller the actual effect
 

of a family planning program on the birth rate would be as a fraction
 

of the potential contraceptive effect of the program's services, and
 

the larger the "substitution" effect would be.
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If the evaluation of population policies is to be substantially
 

improved, the tenuous link between the distribution of family planning
 

activities and the resultant decline in births must be statistically
 

estimated. In this instance, it is not feasible to measure directly
 

the unobserved relationships that constitute the chain of events link

ing policy instruments to policy objectives. Indirect procedures of
 

statistical inference are, therefore, unavoidable. But if these pro

cedures are applied with care, they might greatly increase the preci

sion with which family planning programs are currently evaluated.
 

The demand approach to fertility determination stresses the need
 

to identify and to allow for the influences of changing economic and
 

demographic constraints on the household sector that are likely to
 

modify reproductive goals. In most countries, family planning activity
 

is likely to be correlated with the level of these socioeconomic con

straints and their change over time, giving rise to differential rates
 

of birth control practice and program acceptance by region and class.
 

To infer what independent contribution a family planning program has
 

made to the fertility level, it is necessary to analyze simultaneously
 

the (exogenous) factors affecting the demand for births and the family
 

planning program inputs in conjunction with regional, class and, if
 

possible, individual fertility behavior (Schultz, 1971a, 1971b, 1972).
 

Summarizing the success of population policy in terms of its im

pact on the birth rate, one should not overlook the important distri

butional consequences of public family planning programs. An economic 

analysis of family planning might view this activity as an investment, 

augmenting and diffusing a useful stock of new knowledge about birth
 

control techniques not unlike technical assistance through farm exten

sion agents. By lowering the fixed informational costs and perhaps 

also subsidizing the marginal user costs of modern birth control methods,
 

this investment should contribute to more efficient patterns of birth
 

control adoption. There is growing evidence, however, that suggests
 

the distribution of benefits among segments of the population from a
 

national family planning program favors the poor and disadvantaged. 

These personal distributional effects of a family planning program may 

be as important as any overall measure of the program's effectiveness 
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all classes might benefit fromin ;reducing the birth rate. Although 

the reduced marginal user costs, the fixed informational costs are 

segments ofprobably a particularly severe barrier to adoption among 

remote rural areas and have less sophisthe population that reside in 

ticated skills for searching out and evaluating the benefits of new
 

products and services. Perhaps in a dynamic society the benefits in
 

terms of reduced fixed informational costs are likely to be greatest
 

among the lowest classes. If this is true, the highest payoff to fam

ily planning over a period of generations will be in slowing or revers

ing the disconcerting growth of economic disparities among classes in
 

a society.
 

BOTH THE DEHAND AND SUPPLY OF BIRTHSPOLICIES MAY MODIFY 

The past search for policy options to cope with rapid population 

a natural but nonetheless one-sided technocratic view
growth mirrors 


of the complex social problem. It seems far simpler to disseminate
 

a better birth control technology, which is already operational in de

veloped countries, than to modify parent reproductive goals by processes
 

of social change that tend to be unique to each culture. For example,
 

expenditures on family planning that seek to lower the suppZy price of
 

modern birth control technology and hence reduce the cost (pecuniary 

and subjective) of restricting fertility are a widely approved policy 

response. Alternatively, expenditures on, say, public health that 

seek to reduce child death rates, contributing to a downward shift in 

parent demand for numbers of births, are thought to be a counterproduc-

Both sets of policy
tive or at best a controversial policy strategy. 


options--the "supply" and "demand" sides--need further quantitative
 

study if decisionmakers are to be able to select an equitable and ef

ficient mix of family planning and development policies for each social
 

setting.
 

A controversial dimension of the problem is forecasting technolog

ical change. It appears that further improvements in birth control
 

1 See for example the illustrative simulations of income and wealth 

inequality performed under different class structures of fertility by
 

Pryor (1973). 



technology cannot continue to reduce the 'coat and :increase 'the accept

ability of newer control techniques as they have'in the 'last two de-

cades. Given the apparent price inelasticity of parent demand for
 

children, one may doubt whether further improvements in birth control
 

technology will be responsible for a continuing fall in desired or ac

tual fertility. The distinct possibility exists, therefore, that if
 

family planning programs throughout the world succeed during the next
 

few decades in transmitting their more-or-less fixed stock of informa

tion and services to all social strata, further activity in the family
 

planning field will have a sharply diminishing payoff. This is already
 

evident in a small country such ag Taiwan that has had a massive and
 

an unusually effective national family planning program (Schultz, 1971a,
 

1972).
 

The relative emphasis that a society should attach to population
 

policy interventions that operate through the demand and supply of
 

births depends on numerous factors, but these conditions and underlying
 

relationships are amenable to study and measurement. If, as is often
 

asserted, familial behavior, involving marriage, reproduction, and
 

women's role in the labor force, is particularly resistant to environ

mental changes associated with alternative development strategies, then
 

aligning development policies to foster the adoption of smaller family
 

size goals may be ineffectual. Public policy would then wisely empha

size, for the moment, improvements in birth control technology and the
 

dissemination of these improved techniques to all strata of society.
 

Alternatively, if demand fur children is price inelastic, as appears
 

to be frequently the case, and family size goals are insensitive in the
 

long run to the available mode of birth control, widespread acceptance
 

of better birth control methods may not independently accomplish sub

stantial reductions in the fertility level.
 

A common reaction to the apparent declining efficacy of improved
 

birth control technology in the aftermath of a successful family plan

ning program is to explore direct economic incentives to change parent
 

reproductive behavior. The common "economic welfare" arguments used
 

in this regard to buttress the case for slowing rapid population growth
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are seriously flawed.1 In applying economic logic to evaluate the con

sequences of population growth, the unacceptable assumption is implic

itly made that children are nothing more than a pecuniary investment.
 

Although these average productivity or efficiency arguments for slow

ing population growth by direct incentive payments to parents are con

ceptually inadequate and empirically misguided, the unattractive con

sequences of rapid population growth on the personal distribution of
 

income and wealth are inescapable. Moreover, in the long run, these
 

inequitable effects of rapid population growth are possibly more impor

tant than those influencing the overall efficiency of economic growth.
 

The attraction of the demand model of fertility is that it iden

tifies environmental conditions that presumably motivate parents to
 

want fewer children and invest more in each child. Moreover, these
 

conditions are generally linked to eminently desirable social invest

ment programs that should contribute in the future to a less unequal
 

personal distribution of income. Support is growing for such programs
 

as, for example, promoting the health and nutrition of mothers and
 

young children, accelerating the growth of educational opportunities
 

at the elementary and secondary level for women as well as for men,
 

facilitating the entry of women into the labor force, and strengthen

ing the economic and legal status of women and children. Such funda

mental changes in any social order will meet with substantial resistance
 

and, as levers to lower fpztility, these changes may perhaps absorb
 

more resources per averted birth than alternative options. But the
 

returns to promoting such changes in social organization and household
 

resource allocation are broader than their effect on birth rates. To
 

compare the social returns fron, direct incentive payments to parents
 

to avert births with indirect investments in social change that promise,
 

1The microeconomic approach calculates the present value of pre

venting a birth, as advanced by Stephen Enke, but ignores the non
pecuniary returns from children, and presumes that parent resources
 
expended on their own children are somehow social costs, The second
 
approach constructs a macroeconomic growth model and simulates the ef
fect of population growth, as pioneered by Coale and Hoover (1961).
 
Social benefits are essentially measured in terms of per capita income
 
which also excludes, conveniently, the nonpecuniary returns parents ob
tain from their offspring (Blandy, 1974).
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ra&ng other goals, to reduce desired family size will require two major 

advances in the social sciences. First, agreement must be reached on 
how to characterize a society's interpersonal and intergenerational 

goals and their tradeoffs. Second, a much improved understanding will 

be required of how economic and demographic variables are influenced 

by, and affect, reproductive behavior both at the family and the com

munity levels. 
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Appendix A 

AN OUTLINE OF TKE HOUSEHOLD PRODUCTION APPROACH 7O FERTILITY1 

This framework is typically stated in terms of a single period 

integrated family utility function, a series of production functions 

for final untraded consumption commodities, and a budget constraint ex

pressed in terms of both the time of family members and market goods. 

U -U(Z 1 ,Z2, ., Zn) (1)
 

Z f (x, H, Fi), for I - 1, 2, ..., n (2). 

v ip,- 1W%+wf.N +v (3) 

EM +N E Pi+ N-T (4) 
ji I 

where U(.) is the family utility function; Z's are final consumption
 

commodities; f's are production functions using market goods, x's,
 

husband's time, H's, and wife's time, F's; Y is money Income; p's are
 

money prices of market goods; Nm and Nf are husband and wife time allo

cated to market activities for money wages of Wm and Wf, respectively;
 

V is the return on the family's nonhuman wealth; and T Is the total
 

availablo time each spouse has to allocate between market and nonmarket
 
2


activities. 


1The origins to this approach may be found in Mincer (1963) and
 
Becker (1965), and are stated in the simplified manner presented be

low by Ben-Porath (1973) and elaborated in different directions by
 
Willis (1971, 1973), DeTray (1973), Michael (1971), and Becker and Lewis
 

(1973).
 
2 Utility is maximized subject to technology, time, and income con

straints when 
,xUx + !wm IMi +Pyf . Fi 

auW A 1 0 _* 0 for I m192 p,....n,
 

where A is the marBnal utility of income, and P is the marginal utility 
of time. The ratios of marginal products of all inputs in each activity 



-76-

Assume that there are only two nonmarket comnodities, the number 

Of children, C, and all other commodities, G, and that both production
 

functions are linear homogeneous and independent of each other. The
 

full price of the i
th commodity is
 

f5 ±.,G£Z ii Hi w+m f~~i 

Full income, I, of the household is then defined as 

I- C+ wG T -+ + v (6) 
c *g f.m
 

thilu~il price elAsticity Of decnd for the j commodity is 

"jwj dj Zj 

nd tIefEl ini- diiiticity of demand for the j commodity is 

~jdI YZ_ 

not an inferior commodity.
The income elasticity is positive if j is 


The own-price elasticity, holding income constant, must be negative.
 

The elasticity of demand for children with respect to nonhuman wealth,
 

V, is
 

V dC (7)
(
"CV C dV CI' 


of their shadow prices when the optimum allocaate equal to the ratios 
for the male,tion conditions are satisfied; for example 

3zi/Mi / m
 
Z.ax= = T, for i = 1, 2p ... , n. 

i i i i
 

See Gronau (1970) for an empirical application of this simple model to
 

the study of single-person households, or Becker (1965) for further
 

elaborations of the framework.
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and if children are not an inferior commodity, as seems plausible, this
 

expression should be positive in sign. 

The shares of the total cost of the ith commodity accounted for
 

by time inputs of the husband and wife are 

ai Ziiri ' 

and
 

Fiwf 
Sfi - ZiITi respectively. 

Following Ben-Porath (1973), the elasticity of demand for children with
 

respect to a change in the husband's or wife's wages can be expressed
 

in terms of these value shares, the shares of full income earned in
 

the market by each spouse, and the compensated (holding full income 

constant) price and income elasticities of demand for children.1 

Wm . S c _ s ) + NWMW C aw Cf Mc I c+.mmn MG 
m m cFcz() 

Wf c NfWf 
nCWf - " iia 0 ncc (Sfc -sf) +- I --ci " (9) 

The elasticity of demand for childrert with respect to a change in the 

return, r, on the household's nonhuman wealth, A, where r - V/A, is 

1 The expression for the derived demand of a factor also includes 
the possibilites for substitution between husband's and wife's time in 
production. The above expression for the elasticity of demand for 
children permits only the substitution in consumption to occur along 
a given production isoquant. The compensated price elasticity may be 
alternatively defined as the product of the share of income spent on 
other household commodities and the elasticity of substitution between 
children and other household commodities (but with the opposite sign). 
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Cr C ar I C1 

Generally it may be assumed that N W > NfWf. since both male wages 

and market hours worked tend to exceed those of females. The positive 

income effect associated with a change in male wages will, therefore, 

usually exceed that associated with a change in female wages, but the 

price effects are more complex. 1 If it is assumed that the difference 

between the female time intensity of children and that of other non

market goods equals or exceeds the difference between the male time in

tensity of children and that of other nonmarket goods, or, in other 

words, that 

(SfC - sfG) > (s.c - SG) 

then the relative magnitude of the income effect prevails and 

> lCc (>1) 

m f 

This fomulation of the determinants of consumer demand in terms of 

price and income effects yields regrettably few refutable empirical 

propositions. The effect of an exogenously determined increase in the 

net price of a child, whether it stems from a shift in anticipated costs 

or benefits, should decrease demand for children. The effect of an 

unanticipated permanent increase in income, holding prices constant, 

should relax the famLly's resource constraint and stimulate increased 

demand for children and other ordinary goods. However, depending upon 

the ultimate source of the increase in income, an offsetting increase 

in the opportunity cost or time-price of a child may also take place, 

weakening or even reversing the net effect of the increased income. 

1 f one assumes that oraly one spouse, say the wife, allocates time 

to the produrtion of C and G, stronger conclusions obtain (see Rybczynki, 
1955; Gronau, 1970, 1973; Willis, 1971, 1973), notably when the wife
 
ceases to work in market activities altogether.
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Given plausible parameter values for relative wages, market work, 

and time intensity of nonmarket goods, one might anticipate that the 

effect on demand for children of a change in male wages should be more
 

positive than that of a change in female wages. Indeed, even if price
 

and income elasticities of demand for children were of approximately
 

the same absolute magnitude (but of opposite sign), increases in male 

wages could increase demand for children, and increases in f ale wages
 

could decrease demand because of thn different value shares attached
 

to each.1 If the income elasticity were absolutely smaller than the
 

IA numeric'. example may clarify how these relationships might
 
work. Let us assume that men receive a wage 50 percent greater than
 
women (say $3 versus $2 per day); and men work four times as much in 
market activity as do women (4/5 as compared with 1/5 of their allo
catable time); and women allocate six-tenths of their time to child 
rearing and men only one tenth, with the remainder used to produce other 
nonmarket goods; one-fifth of the household's market income is spent 
on children; and nonhuman wealth income per day amounts to $.20, then 
approximately SfC = 0.571, SfG - 0.129, SmC = 0.143, SmG = 0.097, and 
I - $5.20. Assuming the same absolute magnitude for income and price 
compensated elasticities, say nCI - 0.3 and nCnc - -0.3, we obtain the 
results by plugging in the illustrative values:
 

= n (-0.3)(0.442) + (0.077)(-0.3) =-0.110 
CWf
 

nOW (-0.3)(0.046) + (0.46)(0.3) - + 0.124 and 
m 

nCr w (-0.3)(0.0) + (0.04)(0.3) - + 0.012 

In this example the negative price effect associated with the male
 

wage is less than 3 percent of the price effect associated with the 
female wage, whereas the male wage income effect is more than five times
 

the female wage income effect. Consequently, the sex specific relative
 

magnitudec of both the price and income effects contribute to the more
 

positive (less negative) effect on the demand for children of a change 
in men's wages compared with women's wages. Because of the small share
 

of household income that was assumed to flow from nonhuman assets, the
 

magnitude of a change in the (interest rate) return on these assets
 

elicits a small, but necessarily positive, effect. An unanticipated
 
in asset level would, of courne, affect the demand for childrenchange 


directly via the assumed income elasticity of +0.3.
 
It might be more realistic to assume that the income elasticity
 

of demand was much smaller, say +0.05. In this case, the elasticity
 

of demand with reapect to female wages would be -0.13 with respect to
 
male wages (+0.01) and with respect to a change in interest rates
 

(4-0.002). 



-80

price elasticity, as seems likely, the relevant wage effects on the de

mand for children would all be reduced, or more negative. 

The only observable source of exogenous variation in the relative 

price of children is associated with the value of time parents allocate 

to the care and enjoyment of their children. No progress has been made 

in measuring the pecuniary or subjective returns derived from children 

as either producer or consumer goods, respectively. At this point one
 

is again confronted by the interrelatedness of parent choices regarding 

the number of children they want and the resource intensity of child 

rearing they deem optimal. Almost any observable measure of differen

tial costs of child rearing implicitly reflects some degree of parent 

choice, and is hence endogenous to the decisionmaking process that the 

demand model of fertility seeks to explain.
1
 

1One can imagine that regional differences in climate and agricul
tural conditions might exogenously dictate regional differences in the 
productivity of child labor, with ausociated effects on desired fer
tility levels. Analysis of the structure of wages by age, sex, and 
education in low-income countries is an important but neglected field 
of economic study. 



Appendix B
 

sTATISTICAL ESTIMTION THCHNIQUES
 

Section II seeks to identify within a promising theoretical frame

work some of the factors determining fertility. This appendix sets
 

forth guidelines for empirically estimating the nature and magnitude
 

of these effects.
1 

When approaching a new set of data, it may be reasonable to esti

mate first an unrestricted reduced form equation obtained by ordinary 

least squares (OLS) regression of fertility on all exogenous variables 

that are thought to affect directly or indirectly reproduction in the 

observed population. These estimates of the combined direct aud in

direct effects are consistent; that is,they would tend to the true 

parameter values in the existing population if the sample were suf

ficiently large and the model correctly specified. These estimates of 

the reduced form equation, however, are less efficient (i.e., they have 

greater variance) than those solved from estimates of the entire sys

tem of structural equations. Without knowledge of the complete model, 

its limitation and restrictions, this may nonetheless be a good un
2
 

biased first approximation.
 

To unravel the lines of causality and determine how much of the
 

effect of, say, women's wages on fertility operate through the wage
 

effect on propensity to marry or to participate in the labor force,
 

additional structural equations must be estimated for those explanatory
 

variables that are clearly endogenous to the household context inwhich
 

fertility is determined. OLS estimates of these structural equations
 

are generally inconsistent, and will be consistent only when aZI
 

1They are discussed at greater length in Butz (1972), and examples
 
are shown and discussed in Schultz (1971b).
 

2Restrictions usually take the form of particular parameters being
 
set equal to zero, i.e., some variable exerts no direct effect on an
 
endogenous variable.
 



explanatory variables in the particular equation are uncorrelated with 

the equation's disturbances.
 

Simple, but relatively inefficient, simultaneous-equation estima

tion techniques utilize information on the restrictions on each single
 

equation, but neglect all that might be known (or not known) about the
 

rest of the system. Instrumental variable estimates, of which two

stage least squares is a special case, replace explanatory endogenous 

variables in the fertility equation by the best fitting linear combina

tion of all or a specified subset of the system's exogenous variables. 

A second-stage regression is then performed by OLS with the estimated 

explanatory variables replacing their observed values. To satisfy the 

order condition for identifiability in this procedure, the total number 

of exogenous variables used as instruments in a particular equation 

must be at least as large as the number of exogenous variable(s) ex

cluded in that structural equation plus the number of explanatory en

dogenous variables identified by the added instruments (Fisher, 1966;
 

Simon, 1953; Heise, 1969).
 

This extra regression stage purges the explanatory endogenous vari

ables of their correlation with disturbances in the structural equation 

for fertility and leaves only the systematic (estimated) portion of
 

these explanatory variables for inclusion in the second stage. Since
 

all explanatory variables in the second-stage regression are linear 

combinations of exogenous variables, and hence asymptotically uncor

related with disturbances in the system, the second stage OLS estimates
 

are consistent.
 

It must be emphasized that this consistency may at times be pur

chased at a price. If there is no theory to predict which exogenous
 

variables influence an explanatory endogenous variable, such as age at
 

first marriage, then the instrumental variable estimate of age at first 

marriage will probably not be a good predictor for the endogenous 

1Technically speaking, the covariance matrix of disturbances must 
be diagonal to treat the model as a recursive time-ordered system of 
equations and apply OLS or path analysis methods of estimation. (See 
original statement by Wold, 1953; Simon, 1953; and less technical re
statements Heise, 1969; Goldberger, 1969.) 



explanatory variable; the inefficiency of the estimation technique must 

be balanced against its consistency. Where large samples are available 

and a reasonable theory exists to account for the endogenous explana

tory variable, as may be true for female labor force participation,
 

there is no obvious reason why simultaneous equation estimation tech

niques should not be used.1
 

Full-information estimators, such as full-information maximum
 

likelihood and three-stage least squares, are more efficient techniques
 

for estimating the parameters for an entire system of simultaneous
 

equations. With more restrictions incorporated into the estimation
 

procedure, thec, !stimates are more efficient, but they also appear
 

less robust to specification error. Except under special circumstances,
 

it does not seem necessary to use these full-information techniques
 

across different classes of household behavioral relations until the
 

relations are better understood. (For comparison of differences be

tween 2SLS and 3SLS see Schultz, 1970.) A rationale may be found, how

ever, for using Zellner's (1962) related technique to gain efficiency
 

across cohort equations within the same class of behavior such as mi

gration.
 

The simultaneous equation estimates of a system's structural equa

tions can be solved in turn for the reduced form equations that embody
 

the restrictions on the complete model. They should approximate those
 

initially obtained by OLS on all exogenous variables. If direct and
 

indirect lines of influence on fertility are sought, the traditional
 
"path analysis" diagram can be recreated with the more satisfactory
 

consistent estimates of the system. (For a comparison of results see
 

Schultz, 1971b.)
 

If the dependent variables in several structural equations might
 

plausibly interact with one another, one may test to determine whether
 

they are part of a simultaneous equation system. If they are, the
 

Analysis of various levels of aggregate and individual data poses
 
problems for distinguishing whether prediction is satisfactory for this
 
purpose. The coefficient of determination on R2 is certainly not a
 
satisfactory indicator of the predictive power, in this sense, of an
 
auxiliary regression.
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disturbances (i.e., residuals from simultaneous equation estimates), from
 

the different structural equations are likely to be correlated. Evi

dence of substantial correlation implies that the stochastic shocks that
 

account in theory for unexplained variance in a dependent variable im

pinge, to a degree, on these other equations in the system. An alterna

tive interpretation would be that these disturbances incorporate not
 

only purely stochastic shocks, but also numerous, difficult to observe,
 

factors that are unavoidably neglected in specifying and estimating
 

each equation. The correlation among disturbances across equations sug

gests, from this viewpoint, that some of the omitted variables should
 

have entered more than one equation. To the author's knowledge, the
 

only case in which this test of simultaneous equation bias was performed 

in the analysis of fertility was across behavioral equations account

ing for IUD acccptance rates, birth rates, and regional doctor partici-


The multiple correlationspation in Taiwan's family planning program. 


among estimated residuals were statistically significant according to
 

X2 In thisthe test beyond the 0.001-percent level (Schultz, 1971b). 

instance, the inconsistent OLS estimates of the system of behavior rela

tions are substantially different from those that are obtained by simul

taneous equation techniques; their implications for policy are also
 

strikingly different.
 



BIBLIOGRAPHY 

AmericanAdelman, I., "An Econometric Analysis of Population Growth," 

Economic Retiew, Vol. 53, No. 3 (June 1963), pp. 314-339,
 

....- , and C. T. Morris, "A Quantitative Study of Social and Political 
Economic Development and Cultural Change,
Determinants of Fertility," 

Vol. 14, No. 1 (January 1966), pp. 129-157.
 

Bang, S., "A Comparative Study of the Effectiveness of a Family Plan

ning Program in Rural Korea," unpublished dissertation, University 

of Michigan, 1968. 

and W. Seltzer, "Couple Years of Protection and Births
Bean, L. L., 

5, No. 2Prevented: A Methodological Examination," Demography, Vol. 


(1968), pp. 947-959.
 

Jr., "Family Planning and the Reduc-
Beasley, J. D., and V. W. Parrish, 


tion of Fertility and Illegitimacy: A Preliminary Report on a Rural
 
Vol. 16, No. 3 (September 1969),


Southern Program," Social Biolo", 
pp. 167-178.
 

Economic Analysis of Fertility," in Demographic andBecker, G. S., "An 
Economic Change in Developed Countries, Universities National Bureau
 

Princeton University
Conference Series 11, Princeton, New Jersey: 


Press, 1960, pp. 209-231.
 

"A Theory of the Allocation of Time," Economic Journal, Vol. 75, .--- , 

No. 299 (September 1965), pp. 493-517.
 

in press.
..-- . "A Theory of Marriage," Journal Political Economy, 

and H. G. Lewis, "On the interaction Between the Quantity and
 ...-- , 
Vol. 81, No. 2, II

Quality of Children," Journal PoliticalEconomy, 


Supplement (March/April 1973), S279-288.
 

Economist's Interpretation:Israel, AnBen-Porath, Y., Fertility in 
1950-1970, The Rand Corporation, RM-5981-FF,

Differentials and Trends, 
August 1970, (reprinted in C. A. Cooper and S. S. Alexander 

(eds.),
 

Economic Development and Population Growth in the Middle 
East, New 

York: American Elsevier, 1972). 

-. Analysis of Fertility in Israel: Point and Counter."Economic 
Supplement


point," Journal Political Economy, Vol. 81, No. 2, II 

(March/April 1973), S202-233 (a). 

Economic Activity in 
..-.- , "Short-Term Fluctuations in Fertility and 

10, No. 2 (May 1973), pp. 185-204 (b).
Israel," Demography, Vol. 



-- , and F. Welch, Chance, Child Traits, and the Choice of Fevily
Size, The Rand Corporation, R-1117-NIH/RF, December 1972.
 

Bandy, R. J., "The Welfare Analysis of Fertility Reduction," Economic
 
Journal, March 1974, in press.
 

Bogue, D. J. (ed.), Family Planning Improvement Through Evaluation,
 
Chicago: Community and Family Study Center, University of Chicago,
 
1970.
 

Boserup, E., The Conditions of Agricultural Growth, Chicago: Aldine,
 
1965.
 

--- , Woman's Role in Economic Development, London: George Allen and
 
Unwin Ltd., 1970.
 

Butz, W. P., Research and Information Strategies to Improve Population
 
Policy in Less Developed Countries, The Rand Corporation, R-952-AID,
 
February 1972 (a).
 

---- , "The Case of Nutrition-Lactation-Mortality-Health-Fertility 
Interactions," Santa Monica, California, March 1972 (b), mimeographed. 

....-, and T. P. Schultz, An Information Strategy for Improving Popula
tion Policy in Low-Income Countries, The Rand Corporation, P-4802,
 
April 1972.
 

Cain, G. G., and A. Weininger, "Economic Determinants of Fertility:
 
Results Using Cross-Sectional Aggregate Data," Demography, Vol. 10,
 
No. 2 (May 1973).
 

Caldwell, J. C., "Fertility Attitudes in Three Economically Contrasting 
Rural Regions of Ghana," Economic Development and Cultural Change, 
Vol. 15, No. 2 (January 1967), pp. 217-238. 

Population Growth and Family Change in Africa, Canberra:
 
Australian National University Press, 1968.
 

Carlsson, G., "The Decline in Fertility: Innovation or Adjustment Pro
cess," Population Studies, Vol. 20, No. 2 (November 1966), pp. 149
174.
 

Chang, H. C., T. H. Kiu, and L. P. Chow, "Study by Matching of the 
Demographic Impact of an IUD Program," Milbank Memorial Fund Quarterly, 
Vol. 47, No. 2 (April 1969).
 

Cheung, S.N.S., "Enforcement of Property Rights in Children, and the
 
Marriage Contract," Economic Journal, Vol. 82, No. 326 (June 1972),
 
pp. 641-657.
 

Chow, L. P., "Evaluation of the Family Planning Program in Taiwan, Re
public of China," Journal of the Formosan Medical Association, Vol. 
67, No. 7 (July 28, 1968).
 



-87

-- R. Freedman, R. G. Potter, and A. K. Jain, "Correlatee of IUD. 
Termination in a Mass Family Planning Program," Milbank Memorial, 
Fund Quarterly, Vol. 46, No. 2, Part I (1968), pp. 215-227.
 

Clark, C., Population Growth and Land Use, New York: St. Martin's
 
Press, 1967,
 

Coale, A., and E. H. Hoover, Population Growth and Economic Davelopmant 
in Lad-Income Countries, Princeton, New Jersey: Princeton University 
Press, 1961. 

DaVanzo, J., Phe Deterinants of Fanmily Fornation in Chile, 1960, The 
Rand Corporation, R-830-AID, August 1972.
 

Davis, K., and J. Blake, "Social Structure and Fertility: An Analytical 
Framework," Ec'omic Development and Cultural Change, Vol. 4, No. 3 
(April 1956), pp. 211-235. 

DeTray, D. N., 'he Interaction leween Parent Investment i2 Chlivr-n 
and Family Sije: An Economic Analysis, The Rand Corporation, R-1003-RF, 
May 1972. 

---- , "Child Quality and the Demand for Children," do'a'nal Political
 
Economy, Vol. 81, No. 2, II Supplement (March/April 1973), S70-95.
 

Dhrymes, P. J., "Alternative Asymptotic Tests of Significance and Re
lated Aspects of 2SLS and 3SLS Estimated Parameters," Revie' of
 
Economic Studies, Vol. 36, No. 2 (April 1969), pp. 213-226.
 

Duesenberry, J., comment on "An Economic Analysis of Fertility," by
 
G. S. Becker, in Demographic cozd Eoonomic Change in Devclopd Coun
tries, Universities National Bureau Conference Series 11, Princeton,
 
New Jersey: Princeton University Press, 1960.
 

Easterlin, R. A., "The American Baby Boom in Historical Perspective," 
American Economic Review, Vol. 51, No. 5 (December 1961). 

-- , Population, Labor Force, and Long Swings in Econouric Growth:
 
The American Experience, General Series 86, New York: National
 

Bureau of Economic Research, 1968.
 

....- , "Towards a Socio-Economic Theory of Fertility: A Survey of 
Recent Research on Economic Factors in American Fertility," in S. J.
 

Behrman, L. Corsa, Jr., and R. Freedman (eds.), Fertility tnd 
Family Planning: A World View, Ann Arbor: University of Michigan
 

Press, 1969, pp. 127-156.
 

-'-, "The Economics and Sociology of Fertility: A Synthesis," Uni

versity of Pennsylvania, May 1972, mimeographed.
 

Farley, R., Growth of the Black Population, Chicago: Markham Publish
ing Company, 1970.
 



Facett T. ,Psychology and Population, NeW York:-~hPp~to 
Council, 1970. 

Fisher, F. Ma, A PrioriInfomation and Time Series 'Anausies Amsterdam: 
North-Holland'Publishing Company, 1962.
 

.... , The IdentificationProblem in Econametrios, New York: McGraw-
Hill Book Company, 1966.
 

.... , Simultaneous Equations Estimation: The State of the'Art, IDA 
Economic Paper, Program Analysis Division, Arlington, Virginia, July 
1970. 

Forrest, J., and J. Ross, "The Effects of Family Planning Programs on 
Fertility," Population Council, New york, 1971, mimeographed.
 

Freedman, D. S.., "The Relation of Economic Status to Fertility," 
American Economic Review, Vol. 53, No. 3 (June 1963), pp. 414-426. 

Freedman, R., "The Sociology of Human Fertility," Curent Sociology,
 
Vols. 10-11, No. 2 (1961-1962), pp. 35-68.
 

....- , "Norm for Family Size in Underdeveloped Countries," Proceedings 
of the Royal StatisticalSociety, B 159 (1963), pp. 220-245. 

...--, "Economic Considerations in Family Growth Decisions," Population 
Studies,'Vol. 20, No. 2 (November 1966) (b). 

----- , and L. Coombs, "Childspacing and Family Economic Position,"
 
American Sociological Review, 31 (October 1966), pp. 631-648 (a).
 

-----, and J. Friedman, "Social Correlates of Foetal Mortality," kil
bank Memorial Fund Quarterly, 44 (1966), pp. 327-344. 

Freedman, R., and J. Y. Takeshita, Family Planning in Taiwan, Princeton, 
New Jersey: Princeton University Press, 1969. 

Frieden-, A., "A Model of Marriage and Fertility," Ph.D. dissertation,
 
University of Chicago, 1972.
 

., "The U.S. Marriage Market," Journal PoliticalEconomy, Supple
ment 1974, in press.
 

Friedlander, S., and M. Silver, "A Quantitative Study of the Deter
minants of Fertility Behavior," Demography, Vol. 4, No. 1 (1967), 
pp. 3*-70. 

Fuchs, V., "Population Growth Concepts and the Economy 'of Tomorrow,". 
The Commercial and Financial Chronicle (December 13, 1966). 

Galbraith, V. L., and D. S. Thomas, "Birth Rates and the Interwar 
Business Cycles," Journal American Statistical As8oiationiVol'36, 
No. 216 (December 1941), pp. 465-484. 



Gardner,. B., "Aspects of the -Fertility 9f-Rura1-Farm and.Urban,Women,"-

Southern Economic Journal, 38 (April,1972),,,pp. 518-524., .
 

----"Economics of the Size of Rural Families': U.S. Population," 
Journal Political Economy, Vol. 81, No, 2, II-Supplement (March/April 
1973), S99-122, 

Gille, H., "The Demographic History of the Northern European Countries
 
in the 19th Century," Population Studies, Vol. 3, No.. 1 (June 1949),
 
pp. 3-70.
 

Goldberger, A. S., On Boudon's Method of Linear Causal Analysis, Social
 
Systems Research Institute, EKE 6914, University of Wisconsin, Feb

ruary 1969.
 

, and- O. D. Duncan (eds.), Structural Equation Models in the Social 
Sciences, New York: Seminar Press, 1973, 

Gregory, P. R., "A Cost-Inclusive Simultaneous Equation Model of Birth 
Rates," Econometrica, Vol. 41, No. 4 (July 1972), pp. 681-688.
 

..--- , J. M. Campbell, and B. S. Cheng, "A Simultaneous Equation Model
 
of Birth Rates in the United States," Review cf Economics and Sta

tistics, Vol. 54, No. 4 (November 1972), pp. 374-380.
 

Griliches, Zvi, "Errors in Variables and Other Unobservables," Harvard
 
Discussion Paper No. 333, December 1973.
 

Gronau, R., The Value of Time in Passenger Transportation: The Demand 
for Air Travel, Occasional Paper No. 109, Naticnal Bureau of Economic 
~Research, New York, 1970. 

..--, "The Effect of Children on the Housewife's Value of Time," 
Journal Political Economy, Vol. 81, No. 2, II Supplement (March/April 
1973), S168-199 (a). 

- "The Intra-Family Allocation of Time: The Value of the House

wives' Time," American Economic Review, Vol. 63, No. 4, September 
1973, pp. 634-651 (b).
 

Harman, A. J., Fertility and Economic Behavior of Families in the
 
Philippines, The Rand Corporation, RM-6385-AID, September 1970.
 

Hashimoto, M., "Economic Interpretations of Japanese Fertility Be
.Tournl of Political Economy, Supplement 1974, in press.
havior," 

Hawthorn, G., The Sociology of Fertility, London: Collier-Macmillan
 
Ltd., 1970,
 

Heer, D. M., Determinants of Family Planning Attitudes and Practices,
 

report prepared for AID under Contract AID/csd-2478, August 1972.
 

Heise, D. R., "Problems in Path Analysis and Causal Inference," in E. F. 
Borgatta (ed.), Sociological Methodology, San Francisco: Jossey-
Bass Inc., 1969. 



*,
Henry,', L., "Some Data on iNatural Fertility," Eugenics'Qu.terly ,Vo1 " 
8, No. 2 (June 1961), pp. 81-91.
 

----- ,The Measurenmt of Fertility: Selected Writings, transla"ted .... 
by-M. Sheps, New York: American Elsevier, 1972.
 

Hermalin, A. I., Taiwan: Appraising the Effect of a Fanily Planning, 
:Program Through an Areal Analysis, 1971 in Symposium on Statistical ' 
,Problems in Population Research, forthcoming.
 

Hill, C. R., and F. P. Stafford, "The Allocation of Time to Children
 
and Educational Opportuity," Discussion paper, Institute of Public 
Policy Studies, University of Michigan, presented at the Econometric
 
Society meetings, New Orleans, December 1971. 

...., "Allocation of Time to Preschool Children and Educational Op
portunity," discussion paper, Institute of Public Policy Studies, 
University of Michigan, 1972.
 

Hinshaw, R., P. Pyeatt, and J. P. Habicht, "Environmental Effects on
Child-Spacing and Population Increase in Highland Guatemala," Cur
rent Anthropology, Vol. 13, No. 2 (April 1972), pp. 216-230. 

Houthakker, H. S., "Compensated Changes in Quantities and Qualities
 
Consumed," Review Econonic Studies, Vol. 19, No. 3 (1952), pp. 55-61.
 

Hyrenius, H., "The Relation Between Birth Rates and Economic Activity 
in Sweden, 1920-1944," Bulletin of the Oxford Institute of Statistics, 
Vol. 8, No. 1 (January 1946), pp. 14-21. 

Jaffe, A. J., "Urbanization and Fertility," American Journal Sociology,
 
48 (July 1942), pp. 48-60.
 

Jaim, A. K., "Fecundity Components in Taiwan: Application of a Sto
chastic Model of Human Reproduction," unpublished dissertation, Uni
versity of Michigan, 1968. 

..-. , T. C. Hsu, R. Freedman, and M. C. Chang, "Demographic Aspects
 
of Lactation and Postpartum Amenorrhea," Demography, Vol. 7,' No. 2
 
(May 1970), pp. 255-271.
 

James, W. H., "The Effects of Maternal Psychological Stress on the 
Foetus," British Journal of Psychiatry, 115 (1969), pp. 811-825. 

Johnson, H. G., "The Economic Approach to Social Questions," Economica, 
36 (February 1968), pp. 1-21. 

Kelly, A., and J. Williamson, "Simple Parables of Japanese Economic' 
Progress," Economic History Discussion Paper, University of Wisconsin,
 
Anril 1972.
 



-91

Key"fitz, N., How Birth Control Affects Birth,', Social Biology, Vol. 
189 No. 2 (June 1971), pp. 109-121. 

Kirk, D., "The Effectiveness of Family Planning Programs in Less De
,veloped Countries: The Evidence from Survey Data," paper presented
 
at the London Conference of the .International Union for the Sci
entific Study of Population, 1969, and published in Food Research
 

Institute Studies in Agricultural Economics, Trade and Development,
 
Vol. 10, No. 1 (1971).
 

Knodel, J., "Infant Mortality and Fertility in Three Bavarian Villages,"
 
Population Studies, Vol. 22, No. 3 (November 1968), pp. 297-318.
 

Kuznets, S., Modern Economic Growth, New Haven, Connecticut: Yale Uni-

Versity Press, 1966.
 

"Population and Economic Growth," Proceedings of the Americm
 
Philosophical Society, Vol. 3, No. 3 (June 1967), pp. 170-193.
 

-, 


Lancaster, K. J., "A New Approach to Consumer Theory," Journal PoliticaZ 
Economy, Vol. 74, No. 2 (April 1966), pp. 132-157. 

Lee, B. N., and J. Isbister, "The Impact of Birth Control Programs on 
Fertility," in B. Berleson (ed.), Fanily Planning and Population Pro
gramns, Chicago: University of Chicago Press, 1966. 

Lee, R., "Models of Preindustrial Population Dynamics," Ann Arbor,
 
Michigan: University of Michigan, September 1972, mimeographed.
 

:Leibenstein, H., A Theory of Economic-Demographic Development, Princeton,
 

New Jersey: Princeton University Press, 1954.
 

., Economic Backwardness and Economic Growth: Studies in the Theory 
of Economic Development, New York: John Wiley and Sons, 1957. 

"An Economic Theory of Fertility Decline," Harvard Economic Re
search Discussion Paper, April 1973.
 

-, 


Leibowitz, A. S., "Education and the Allocation of Women's Time," Na
tional Bureau of Economic Research, New York, 1972 (a), mimeographed.
 

---- , '"Women'sAllocation of Time to Market and Nonmarket Activities:
 

Differences by Education," Ph.D. dissertation, Columbia University,
 
1972 (b).
 

Lorimer, F., Culture and Human FertiZlity, Paris: UNESCO, 1954.
 

Macisco, J. J., L. F. Bouvier, and M. J. Renzi, "Migration Status,
 
Education and Fertility in Puerto Rico," Milbank Memorial Fund 

Quae

terly, Vol. 47, No. 2 (April 1969), pp. 167-187.
 

Malinvaud, E., StatisticalMethods of Econometrics, Chicago and Aimster

dam: Rand McNally and North-Holland, 1966 (2d ed., 1970).,
 



Mason, K. 0., A. S. David, E. K. Gerstel, Q. W. Lindsey, and M.V.E
 
Rulinson, "The Determinants of Family Fertility: A Survey of the
 
Evidence," Research Triangle Institute, May 1971, mimeographed.
 

Mauldin,.W. P., "Retention of IUD's: An International Comparison," 
Studies in FaiZy Planning, 18 Supplement (April 1967). 

---- , "Births Averted by Family Planning Programs," Studies in Family 
Planning, 33 (1968), pp. 1-7.
 

-- ,V . "KAP Surveys and Evaluation of Family
-'W. B. Watson and L. F. Noe, 

Planning Programs," The Population Council, New York, April 1970,
 
mimeographed.
 

Maurer, K. M., R. Ratajczak and T. P. Schultz, Marriage, Fertility, 
and Labor Force Participation of Thai Women: An Econometric Study,
 
The Rand Corporation, R-829-AID, April 1973. 

McInnin, M. R., "Birth Rates and Land Availability in Nineteenth Cen
tury Canada," paper presented at Population Association of America 
meeting in Toronto, April 1972.
 

Menchen, J., and M. Sheps, Models of Human Reproduction, Chicago: ' Uni
versity of Chicago Press, forthcoming.
 

Michael, R. T., "Education and Fertility," National Bureau of Economic
 
Research, New York, 1971, mimeographed.
 

"Education and the Derived Demand for Children," Journal Politi
";cal Economy, Vol. 81, No. 2, II Supplement (March/April 1973), S128

-, 


164.
 

-,
with E. P. Lazear, "On the Shadow Price of Children," presented 
at the Econometric Society meetings, New Orleans, December 1971, Na
tional Bureau of Economic Research, New York, 1971, mimeographed. 

Costs, Returns and Some Implications,"
Mincer, J., "On-the-Job Training: 

Journal Political Economy, 70 Supplement (October 1962), pp. 50-79.
 

"Market Prices, Opportunity Costs, and Income Effects," in-, 
C. Christ et al. (eds.), Measurement in Economics: Studies in Mathe
matical Economics and Econometrics in M*mory of Yehuda Grunfeld, 
Stanford, California: Stanford University Press, 1963, pp. 67-82. 

Nag, M., Factors Affecting Human Fertility in Nonindustrial Societies:
 
A Cross-cultural Study, New Haven, Connecticut: Human Relations
 
Area Files Press, Yale University, 1968.
 

Nelson, R. R., T. P. Schultz and R. L. Slighton, Struc'turaZ Change in 
a Developing Economy, Princeton, New Jersey: Princeton University 
Press, 1971. 



-93-


Nerlove, M., Estimation ad Identificati6' f C bbDozl6FPoctin
 
Functions, Chicago: Rand McNally, 1965..
 

"On Lags in Economic Behavior," Henry Schultz Memorial'Lecture
 
at the Second World Congress of the Econometrics Society, Cambridge,
 
England, September 8, 1970.
 

-, 


"A Note-,on Error-Components Models," Econometrica, Vol. 79, No.
 
1 (March 1971), pp. 383-396 (a).
 

'
 "Further Evidence on the Estimation of Dynamic Economic Rela 
tions from a Time Series of Cross Sections," Econometrica, Vol. -79, 
No. 1 (March 1971), pp. 359-382 (b). 

-, 


., "Household and Economy: Towards a New Malthusian Model," Journe 
Political Eco.zomy, Supplement, 1974, in press. 

...., and T. P. Schultz, Love and Life Between the Consensus: A Model
 
of Family Decisionmaking in Puerto Rico, 1950-1960, The Rand Corpora
tion, RM-6322-AID, September 1970 (see also P-4573-1, May 1971).
 

Nortman, D., Population and Family Planning Programs: ..Factbook, re
ports on Population/Family Planning, No. 2, July 1970.
 

O'Hara, D. J., Changes in Mortality Levels and Family Decisions Regard
ing Children, The Rand Corporation, R-914-RF, February 1972.
 

--.. , "The Microeconomics of the Demographic Transition," discussion 
paper, University of Rochester, August 1972.
 

Okada, L. M., "Use of Matched Pairs in Evaluation of Birth Control Pro
grams," Public Health Reports, Vol. 84, No. 5 (May 1969), 

pp. 445-,
 

450.
 

Okun, B., Trends in Birth Rates in the United States Since 19?0, Stud
ies in Historical and Political Science, Series 77, Baltimore, Mary
land: Johns Hopkins University Press, 1958. 

...-, Comment on "An Economic Analysis of Fertility," by G. S. Becker 
in Demographic and Economic Change in Developed Countries, Universities 
National Bureau Conference Series 11, Princeton, New Jersey: Princeton 
University Press, 1960, pp. 235-240. 

Pirie, P., "The Effects of Treponematois and Gonorrhea on the Popula
tions of the Pacific Islands," Human Biology in Oceania, Vol. 1, No. 
3 (February 1972), pp. 187-206.
 

Population Council, International Postpartum Program Progress Report, 
1970, AID grants csd-1565 and csd-2155, March 31, 1971. 

Potter, R. G., Jr., "Birth Intervals: Structure and Change," Poput*Z.
tion Studies, Volt 17, No. 155 (November 1963), pp. 152-162.
 



-94

-- , "Estimating Births Averted in a Family Planning Program," in
'S. J. Behrman, L. Corsa, Jr., and R. Freedman (eds.), FertiZity and 
Family Planning, A World View, Ann Arbor: University of Michigan 
Press, 1969. 

--- , "Additional Births Averted When Post-Conceptive Methods are
 
Added to Pre-Conceptive Methods of Fertility Control," forthcoming

in Symposium on Statistical Problems in Population Research, 1973.
 

R. Freedman, and L. P. Chow, "Taiwan's Family Planning Program," 
Science, 160 (May 24, 1968), pp. 843-853. 

Prachuabmoh, V., "Factors Affecting Desire or Lack of Desire for Addi
tional Progeny in Thailand," in D. J. Bogue (ed.), Sociological Con
tributions to Family Planning Research, Chicago: Community and 
F&mily Study Center, University of Chicago, 1967.
 

Pryor, F. L., "Simulation of the Impact of Social and Economic Institu
tions on the Size Distribution of Income and Wealth," American Economic 
Review, Vol. 63, No. 1 (March 1973), pp. 50-72. 

Reynolds, J., "Evaluation of Family Planning Program Performance: A 
Critical Review," &?mography, Vol. 9, No. 1 (February 1973), pp. 
69-86.
 

Ridley, J. C., "Number of Children Expected in Relation to Nonfamilial
 
Activities of the Wife," Milbank Memorial Fund Quarterly, Vol. 37, 
No. 3 (July 1959), pp. 277-296.
 

Robinson, W. C., "Urbanization and Fertility: The Non-Western Experi
ence," MIbank Memorial Fund Quarterly, Vol. 41, No. 3 (July 1963), 
pp. 291-308.
 

"Some-,Tentative Results of a Cost-Effectiveness Study of Selected 
National Family Planning Programs," paper presented at the Population 
Association Meetings, April 1969. 

A Cot-Effectiveness Analysis of Selected National Family Plan
ning Programs, re',ort prepared for the Agency for International De
velopment, December 1969, mimeographed. 

....-, and L. E. Horlacher, "Population Growth and Economic Welfare,"
 
Reports on Population/Family Planning, 6 (February 1971).
 

Rochat, R. W., et al., "The Effects of Family Planning in Georgia on 
Fertility in Selected Rural Counties," Advances in Planned Parent
hood, 6, pp. 6-14, Excerpts Medica Foundation, New York, 1971. 

Ross, J. A., "An Overview of Approaches to the Estimation of Program
Effects of Fertility," forthcoming in Symposium on Statistical Prob
lems in Population Research, 1973. 



-95

-,F, F. Stephan and W. B. Watson, A Handbook for Service Statistics 
F-a;ily Planning Programs, New lirk: The Population Council, 1968. 

---- , et al., "Korea-Taiwan 1969: Report on the National Family Plan
ilning Programs," Studies in Family Planning, Vol. 1, No. 54 (June 
* 1970), pp. 1-16. 

Rutstein, S. 0., "The Influence of Child Mortality on Fertility in
 
Taiwan: A Study Based on Sample Surveys Conducted in 1967 and 1969,"
 
unpublished dissertation, University of Michigan, 1971.
 

Rybczynski, T. N., "Factor Endowments and Relative Commodity.Prices,"
 
Economica, N.S. 22 (November 1955), pp. 336-341.
 

Ryder, N. B., "The Character of Modern Fertility," Annals of the
 
American Academy of Political and Social Sciences, 369 (January 1967),
 
pp. 26-36.
 

....- , "The Emergence of a Modern Fertility Pattern: U.S. 1917-1966,"
 
in S. J. Behrman, L. Corsa, Jr., and R. Freedman (eds.), Fertility
 
and Family Planning: A World View, Ann Arbor: University of Michigan
 
Press, 1969.
 

Sanderson, W., and R. J. Willis, "Economic Models of Fertility: Some
 
Examples and Implications," in New Directions in Economic Research,
 
51st Annual Report, National Bureau of Economic Research, New York,
 
September 1971, pp. 32-42.
 

Schultz, T. P., A Family Planning Hypothesis: Some Erirical Evidence
 
from Puerto Rico, The Rand Corporation, R-5405-RC/AID, December .1967.
 

"An Economic Model of Family Planning and Fertility," Journal
 
of Political Economy, Vol.,77, No. 2 (March/April 1969), pp..153
180 (a).
 

..--, Population Growth and Internal Migration in Columbia, The.Rand
 
Corporation, R-5765-RC/AID, July 1969 (b).
 

---- , Effectiveness of Family Planning in Taiwan: A Methodology for 

Program Evaluation, The Rand Corporation, P-4253, November 1969 (c). 

Fertility Patterns and Their Determinants in the Arab Middle
 
East, The Rand Corporation, R-5978-FF, May 1970 (reprinted in C. A. 
Cooper and S. S. Alexander (eds.), Economic Development and Popula
tion Growth in.the Middle East, New York: American Elsevier, 1972, 
pp. 401-500). 

, -.. 

N---,Evaluation of Population Policies: A Framework for Analysis
 

and Its Application to Taiwan's Family Planning Program, The Rand
 
Corporation, R-643-AID, June 1971 (a).
 



-96

i 
,-'i .:fStatistical Inference, The Rand Corporation, P-4663, July 1971 

--,- The effectiveness of PopulationPolicies :Alternative Methods 

(b).
 

---- , "An Economic Perspective and Population Growth,' in Rapid Popula
tion Growth, Baltimore and London: Johns Hopkins University Press.
 
for National Academy of Sciences, 1971 (c).
 

- - A Framework for Analysis and Its Application to Taiwan's Family
 
Planning Program, The Rand Corporation, P-4674, July'1971 (forth
coming in Symposium on Statistical Problems in Population Research,
 
SHonolulu (d))..
 

-... , Explanations of Birth Rate Changes over Space and Time: A Study
 
of Taiwan, The Rand Corporation, E-1079-RF, 1972 (for a less detailed
 
account, see Journal Political Economy, Vol. 81, No. 2, II Supplement
 
(March/April 1973), S238-274).
 

., "A Preliminnar3 Survey of Economic Analyses of Fertility," American 
Economic Review, Vol. 63, No. 2 (May 1973), pp. 71-78. 

--- , and J. DaVanzo, Analysis of Demographic Change in East Pakistan: 
Retrospective Survey Data, The Rand Corporation, R-564-AID, September 
1970.
 

Shah, F. K,, and H. Abbey, "Effects of Some Factors on Neonatal and
 
Postneonatal Mortality," Milbank Memorial Fund Quarterly; Vol. 49,
 
No. 1 (January 1971.), pp. 33-57.
 

Sheps, M. C., "Application of Probability Hiodels to the Study of Pat
terns of Human Reproduction," in M. C. Sheps and J. C. Ridley (eds.), 
Public Health and Population Change, Pittsburgh: University of Pitts
burgh Press, 1965. 

r----, and E. B. Perrin, "Some Changes in Birth Rates as a Function of 
Contraceptive Effectiveness: Some Applications of a Stochastic 
Model," American Journal of Public Health, 53 (1963), pp. 1031-1046. 

Silver, M., "Births, Marriages, and Business Cycles in the United States,
 
.--
JoirnalPolitical Economy, Vol. 73, No. 3 (June 1965), pp. 237-255.
 

"Births, Marriages and Income Fluctuations in the United Kingdom 
and"Japan," Economic Development and Cultural Change, Vol. 14, No. 2 

-, 


* (April 1966), pp. 302-315.
 

Simon, H. A., "Causal Ordering and Identifiability," in W. C. Hood and
 
T. C. Koopmans (eds.), Studies in Econometric Method, Chapter 3, New 
'York: Wiley, 1953, pp. 49-74. 

Simon, J., 
"The Effect of Income on Fertility," Population'Studiebs,
 
Vol. 23, No. 3 (November 1969), pp. 327-341.
 

"The Effect of Economic Conditions upon Fertility," University

"of Illinois, 1971, mimeographed.
 

, 



-97

. "The Effect of Husband's Income and Wife's Education:. uon Vari.. 
ous Birth Orders," September 1972, mimeographed., 

Smith, J. P., !'The Life Cycle Allocation of Time in a Family Context," 
Ph.D. dissertation, University of Chicago, 1972. ... 

Stys, W., "The Influence of Economic Conditions on the Fertility of
 
Peasant Women," Population Studies (November 1957).
 

Tabbarah, R. B., "Toward a Theory of Demographic Development," Economic
 
Development and Cultural Change, Vol. 19, No. 3 (January 1971), pp.
 
257-277.
 

Takeshita, J. Y., J. Y. Peng, and P.K.C. Liu, "A Study of the Effective
ness of the Pre-Pregnancy Health Program in Taiwan," Eugenics Quar
terly, Vol. 11, No. 4 (December 1964).
 

Theil, H., "Qualities, Prices and Budget Inquiries," Review Economic
 
Studies, Vol. 19, No. 3 (1952), pp. 129-147.
 

--- , Principles of Econometrics, New York: John Wiley and Sons, 1971. 

Thomas, D. S., Social and Ecbnomic Aspects of Swedish Population Move
ments3 1750-1933, New York, 1941.
 

UN Advisory Committee on the Application of Science and Technology to 
Development, Approaches to the Hziman Fertility Problem, Chapel Hill: 
Carolina Population Center, University of North Carolina, October 
1968.
 

Wachter, M. L., "Government Policy Toward the Fertility of the Poor,"
 
discussion paper No. 19, University of Pennsylvania and Fels Center
 
of Government, June 1972.
 

Weintraub, R., "The Birth Rate and Economic Development," Econometrica,
 
Vol. 30, No. 4 (October 1962), pp. 812-817.
 

Willis, R. J., "The Economic Determinants of Fertility Behavior,"
 
Ph.D. dissertation, University of Washington, 1971.
 

, "A New Approach to the Economic Theory of Fertility Behavior," 
Journal Political Economy, Vol. 81, No. 2, II Supplement (March/April 
1973), S14-64. 

Wold, H. 0., and Jureen L., Demand Analysis, New York: Wiley, 1953.
 

Wright, N. H., "Vital Statistics and Census Tract Data Used to Evaluate
 
Family Planning," Public Health Report, Vol. 85, No. 5 (May 1970),
 
pp. 383-389.
 

Wrigley, E. A. (ed.), An Introduction to English Historical Demography,
 
New York: Basic Books, 1966.
 



-98-

Wyon', J. B., and J, E. Gordon, .ThelhannaStudy, Cambridge, assachusetts: 

Harvard University Press, 1971.; 

Zellner, A.,"An Efficient Method of Estimating Seemingly Unrelated Re
gressions and Tests for Aggregation Bias," Journal of'the American
 
Statistical Association, 57 (June 1962).
 


