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FOREWORD

Expnding women's opportnities enhances their productivity and earning potential and thus

contributes to beter economic performance and poverty alleviation. Education raises the productivity

and earnings of both - and women. Over time female education also contributes to slower population

growth and healthier families. The Bank believes that in efforts to expand women's opportunities,

priority should be given to education through the secondary level, reproductive health, agriculture, private

entreprenewrship and the wage labor force.

The Women in Development Division is preparing a series of papers on the benefits from

improving opportunities for women. This paper on the social gains from female education is a part of

the series. It is intended to guide the World Bank and also help governments and other development

agencies. The series complements other policy work in the Women in Development Division on the

benefits from investing in women, and on effective approaches to improving their productivity and

earnings.

Ann 0. Hamilton
Director

Population and Human Resources Department
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SUMMARY

i. Female education increases the value of women's time in economic activities by raising

labor productivity and wages (with a consequential rise in household incomes and a reduction in poverty).

Female education also produces social gains, by improving health (the woman's own health and the health

of her children), increasing child schooling, and reducing fertility. This paper is concerned with the

estimation of these social gains from female education at the secondary level, as considerable work has

already demonstrated effects at the primary level. The paper examines the role of female education

(measured by gross enrollment rates at the secondary level) relative to, and or/in combination with, some

health and family planning services that influence fertility and infant mortality. It uses reduced-form

ustimation of the total fertility rate (IFR) and infant mortality rate (IMR). The paper presents cross-

country regressions based on data drawn from 72 developing countries. The results from these cross-

country regressions should be interpreted cautiously as they may not be representative of a particular

country's experience and reflect the usual problems of relying on national averages. Moreover, the

aggregate measures of education, health, and family planning available to us provide little information

on the specific kinds or quality of services. However, the results are broadly consistent with evidence

using household data sets (see e.g. an overview by Schultz 1989, an overview by Cochrane et al 1980,

and studies by Gertler and Molineaux 1972; Rosenzweig and Schultz 1987; and Schultz 1988, 1990).

ii. The analysis in this paper generally shows that female secondary education, family

planning, and health programs all affect fertility and mortality, and the effect of female secondary

education appears to be very strong. Moreover, our results suggest that family planning will reduce

fertility more when combined with female education, especially in countries that now have low female

secondary enrollment levels. The elasticities of fertility and infant mortality with respect to female

education are large and substantially exceed those with respect to family planning and health programs

when the elasticities are estimated with appropriate controls. Simulations in the paper were based on our
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equation using gross enrollment rates for secondary education from 1975, which we consider a more

plausible scenario than with 1970 enrollment rates. In this equation, family planning is significant when

interacted with female secondary education. Thus, the effect of family planning should be evaluated with

reference to specific education levels. The simulations suggest that a ceteris paribus doubling of female

secondary enrollments (from the mean of 19 percent to 38 percent) in 1975 would have reduced the total

fertility rate (TFR) in 1985 from 5.3 to 3.9, and a ceteris paribus doubling of the "family planning

service score" (from 25 percent to 50 percent) in 1982 would have reduced the TFR in 1985 from 5.5

to 5.0. The implications of female secondary education for reducing the infant mortality rate (IMR) are

also striking. A doubling of female secondary enrollments in 1975 from the mean of 19 percent to 38

percent would have reduced the IMR from 81 to 38; halving the ratio of population per physician would

have reduced the IMR from 85 to 81. A doubling of GDP per capita from $650 to the median level of

$1300 would have reduced IMR from 98 to 92.

iii. Simulations were also done to compare the differences in the quantitative magnitudes of

the gains (in terms of births and deaths averted) from female secondary education with the gains from

expansion of family planning and some health program efforts to reduce fertility and infant mortality.

Doubling female secondary school enrollments from 19 percent to 38 percent in 1975, keeping all other

variables (including family planning services) constant at their mean values, would have lowered the

number of births by 29 percent compared to the actual number in 1985. Doubling family planning

services, holding female secondary enrollment constant at the mean, would have reduced the number of

births by 3.5 percent. Simulations show that the gains from female education are also striking in terms

of deaths averted. Doubling secondary female education reduces infant deaths by 64 percent; halving the

ratio of population per physician reduces the number of infant deaths by 2.5 percent, whereas a doubling

of GDP per capita from $ 650 to the median level of $ 1300 would have no effect on reducing infant

deaths, keeping all other factors constant.
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iv. Female education influences fertility and mortality through many pathways. For example,

education affects desired family size by enhancing the opportunity cost of a woman's time in economic

activities relative to child-bearing and by changing her aspira!.ons, thus building demand for family

planning services. Maternal education promotes child health which in turn affects desired family size.

Education also promotes more effective contraceptive use and more willingness to use modern

contraceptive methods -- which is, we believe, why we find that education and family planning interact

in our TFR equation. Exploring these pathways is important from a policy perspective. Yet the

limitations of data and estimation methods prevent us from attempting a detailed analysis of the relative

importance of the various pathways. A limited attempt was made to examine the determinants of desired

family size for a small sample of 37 countries for which data were available. After controlling for other

key factors (such as the level of economic development of a country), female secondary education retains

its high statistical significance. However, "desired family size" is a subjective concept, so most

researchers rely more on estimates of TFRs observed directly. Among the determinants of contraceptive

use, female secondary education and the family planning service score are each highly significant.

v. Future research could usefully ask how the marginal gains from female education, family

planning, and health programs at different stages of development and in different combinations compare

with marginal costs, once cost data become available for female secondary schooling and for health and

family planning program interventions for different countries. Research should also address appropriate

phasing of different combinations of education, health, and family planning programs. In so doing, much

more information should be developed on different specific kinds of education, health and family planning

services that might be made available, so that more precise program strategies can be developed. Specific

attention should go to determining the most effective combinations of education, health, and family

planning to take advantage of program synergies.





1. Introduction

1.1 Female education increases the value of women's time in economic activities by raising

labor productivity and wages (with a consequential rise in household incomes and a reduction in poverty).

Female education also produces social gains, by improving health (the woman's own health and the health

of her children), increasing child schooling, and reducing fertility. This paper is concerned with the

estimation of these social gains from secondary female education (measured as gross enrollment rates).

That female education contributes to lower fertility and infant and child mortality is well-known.

However, the extent to which female education interacts with health and family planning programs

and policies is less well-known. This paper examines the role of secondary female education relative

to, and/or in combination with, health and family planning programs and policies that reduce fertility and

infant mortality. To the extent the data permit, the paper also explores some of the routes through which

female education lowers fertility and mortality, for instance by reducing desired family size or by

promoting more effective use of available services for contraception. The paper is based on cross-country

data from 72 developing countries (accounting for over 95 percent of the population of developing

countries), drawn from the World Bank and other data sources. The period of investigation is 1970-85.

The analysis generally shows that female secondary education, family planning, and health programs all

affect fertility and mortality, and the effect of female secondary education appears to be very strong.

Moreover, our results suggest that family planning will reduce fertility more when combined with female

education, especially in countries that now have low female secondary enrollment levels. The elasticities

of fertility and infant mortality with respect to female education substantially exceed those with respect

to family planning and health programs when the elasticities are estimated with appropriate controls. The

results from these cross-country regressions should be interpreted cautiously as they may not be

representative of a particular country's experience and reflect the usual problems of relying on national

averages. Although endogeneity of services may be less of a problem in cross-country data, using cross-
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country data imposes a common structure on the econometric relationship between the variables.

However, the results are broadly similar to a number of micro studies (e.g. see Schultz 1989 for a

review) and with another cross-country study, Mauldin and Ross (1991) which found that the direct effect

of family planning effort is less than the total (direct and indirect effects) of socio-economic fac ors

(including education).

1.2 The paper is organized as follows. The basic analytical framework and the models to be

tested are described in Section 2. Definitions, data sources, and limitations are discussed briefly in

Section 3. The results from cross-country equations are discussed in Section 4. Some policy simulations

are attempted in Section 5. Last, the concluding section draws some inferences for policy.

2. Analytical Framework and the Reduced Form Equations

A. Analytical Frmeworlk

2.1 For most couples, achieving a pregnancy does not require a deliberate decision, but

avoiding a pregnancy does. Following Herz (1984), this section outlines a structural framework focusing

on the factors determining the number of children parents want and their ability to limit births to that

number, with particular reference to the role of female education in influencing parental decisions and

abilities.

2.2 The total fertility rate (TFR) - the number of children that would be born to a woman

if she lives to the end of her childbearing years and bears children at each age in accordance with the

prevailing age-specific fertility rates -- comprises the number of children parents want (desired family
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size, or DFS) plus unintended births (which depend on parents' ability to achieve desired family size).

In economic terms, DFS thus represents the demand for children by parents. DFS depends mainly on

female education, male education, the insurance value of children, and the demand for female labor in

the wage labor market, which may be reflected in the country's level of development (and proxied by the

per capita GDP). DFS also reflects the chances for child survival.

2.3 Child survival depends in turn on the mother's education and on other factors such as

access to safe drinking water, access to health services including immunization and curative care for

common childhood diseases, and access to family planning (which promotes healthier spacing of births).

2.4 Of course, parents may have more or fewer children than they desire. This paper focuses

on the more usual case where couples could have more children than they desire if they took no steps to

limit pregnancy. The ability to achieve desired family size depends on the availability of family planning

services, but also on other factors such as the age at marriage or union, duration of breastfeeding, and

the scope for abortion.

2.5 These structural relationships suggest many pathways through which female education and

family planning services affect fertility. Education, especially of the mother, works through wage and

productivity effects on the opportunity cost of the mother's time and thus affects desired family size. It

also improves the chances of child survival and so indirectly affects desired family size. Finally,

education builds ability as well as willingness to use the available modern methods of contraception

effectively and thus helps people achieve their desired family size. Family planning services enable

couples more readily to achieve Oower) desired family size and over time may influence desired family

size itself by affecting infant deaths (and perhaps also social norms).



2.6 From a policy perspective, it would be valuable to know more about the relative

importance of the many pathways through which female education and family planning program services

influence fertility. But such a structural model is extremely difficult to estimate because of data and

econometric limitations. First and most important, DFS cannot be observed objectively. It is essentially

an opinion, and people's responses may be influenced by the number of children they already have.

Many a couple may be reluctant to say they did not want the children they already have. Second,

country-level data sources are often not suitable for comparison as the type of canvassing and questions

asked of the respondents do not always match. Therefore, most analysts feel much more comfortable

banking on objectively observed fertility. Moreover, the task of estimating a structural model with cross-

national data is even more difficult because the (admittedly unsatisfactory) data on DFS is available only

for a small set of 37 countries which have had World Fertility Surveys. Finally, even if more satisfactory

data on DFS were available for a wider sample of countries, it is difficult to find identifying exogenous

variables, especially in cross-national data sets, that permit distinguishing the influences on desired family

size, child survival, and ability to achieve desired family size. Female education clearly affects all three.

Many analysts therefore rely on reduced form estimation of the TFR, as do we. Thus, we can determine

the net impact of female secondary education and other exogenous variables but not precise pathways.

2.7 The conceptual underpinnings for the analysis of infant mortality (1MR) are more

straightforward. Infant mortality is influenced by female education, male education, and access to

services that affect mortality such as immunization; safe drinking water; trained birth attendants, nurses

or physicians; and family planning services that promote better spacing of births. As in the case of the

TFR, female education influences infant mortality through better use of available facilities and the

parents', especially the mother's, cnowledge of hygiene, sanitation, and health care. But as in the case

of the TFR, we rely on a reduced form that shows the net impact of female secondary education and
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other exogenous variables without specifying pathways.

B. Reduced Form Equations and the Estimation Procedures

2.8 Our reduced form equations derive their logic from the structural relationships outlined

in the preceding paragraphs. Following Schultz (1990), the structural relationships can be expressed so

that the TFR and IMR depend only on exogenous explanatory variables including education, health

services, and family planning programs as well as personal and household characteristics that affect

fertility and mortality. In specifying our reduced forms, we have tried to be careful to use as explanatory

variables only those that are exogenous in a fairly strict sense, i.e. they affect, but are not the result of

household decisions.

2.9 It is possible to estimate the determinants of fertility or mortality without bias with the

OLS method when the function relating the (country-level) explanatory variables and dependent variable

is correctly known, the explanatory variables are independent of each other, the variables are observed

without error, and the error term is normally distributed with zero mean, has a constant variance, and

is uncorrelated with the explanatory variables. But Schultz (1990) and Behrman (1990) discuss potential

endogeneity between family planning or health programs and socio-economic variables, especially

education levels, in countries where family planning or health program efforts may be focused on

states/districts with higher levels of socio-economic development. Such endogeneity may be a less serious

problem in cross-country analysis than in studies Aithin a country. To test for endogeneity between

socio-economic development and program effort at the cross-country level, we regressed an index of

socio-economic development (WFS and UN 1987) on family planning services across countries, and

found the correlation to be weak (R = .38). Such correlations with other socio-economic and human
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development indices were found to be even weaker.' In this paper, therefore, the possible endogeneity

between program supply and socio-economic development is ignored.

2.10 Female Education and Total Fertility: The first equation presented in this study is

intended to explain the total fertility rate (TFR) - the number of children that would be born to a woman

if she lives to the end of her childbearing years and bears children at each age in accordance with

prevailing age-specific fertility rates. The hypothesis is that the TFR depends in a non-linear way on

female and male secondary education (FED and MED) and in a linear way on per capita GDP (GDP),

the rate of urbanization (URB), population per physician (PHYS), and the level of a family planning

services score (SERV), and potential interaction between education and family planning services:

TFR = ao + alFED + a2FED^2 + a3MED + a4MEDA2 +a5GDP+

a6URB + a7SERV + a8(FED*SERV) + a9PHYS +

alODAFR + alIDAS + al2DLAC + ei (6)

where AFR, AS, and LAC stand for regional dummies for Africa, Asia and Latin America and the

Caribbean.2 The model does not separate the exact route through which education is influencing fertility

(delay of marriage, contraceptive use, abortion, or breastfeeding or a reduction in child mortality), but

summarizes the effects as they work themselves through an underlying structural model. The estimated

equation is thus a reduced form equation with controls and interactions.'

' Mauldin and Ross (1991) found similar results.

2 See the next section for definitions and exact specification of the variables.

3 The under-five mortality rate also affects the TFR but is endogenous, since better educated women are more likely to have
knowledge of preventive health care and to see medical attention for their children. Under-five mortality therefore does not enter
this equation directly, but both female education and population per physician probably act in part through under-five mortality.
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2.11 Female Education and Infant Mortality: Numerous studies have examined the role of

female education in determining mortality outcomes using cross-country data.' Much of the earlier

literature using cross-country data did not consider any specific health program variable, though socio-

economic variables have been thoroughly investigated and modelled. King and Hill (1991) did consider

many program variables but did not treat interactions. In the present study, the IMR in 1985 is

hypothesized to be inversely related to lagged female and male secondary enrollments (FED and MED),

the rate of urbanization (URB), per capita GDP, and family planning services (SERV), and positively to

population per physician (PHYS). Regional dummies were added to capture region-specific intercepts.

The estimated model is as follows:

IMR = ao + alFED + a2FEDA2 + a3MED + a4MEDA2 +

a5PHYS + a6URB + a7SERV + a8GDP +

a9DUMAFR + alODUMAS + aliDUMLAC + ei (7)

One program variable, 'population per physician" (PHYS)", was considered.5 The model captures the

influence of the proximate determinants as well as female (and male) education without informing us

about the precise route through which female education influences infant mortality outcomes; so it is again

a reduced form equation.

4 See, for example, Preston (1980, 1985); Wheeler (1980); Mensch, Lentzner and Preston (1986), and King and Hill (1991).
For thoughtful reviews of studies, ee Cochrane, O'Hra and Leslie (1980, 1982), Behrman (1990) and Schultz (1992).

5 Our measure of heakh services is thus obviously inadequate. We wish we had had exogenous mesures of the availkbility
of other kinds of health cam. Another healh variable was available, namely percent of infants immunized. But it is potentially
endogenous. It rects the interaction of demand as well u availability since better educated women are more likely to bring
their children to health centers to be immunized. We therefore did not include it in our main equations but did include it in an
equation shown in Appendix Table 11. It would have been most interesting had we had data on aoms to immunization as
distinct from use, since access would have been exogenous and thus could have shown the impact of making immunization
availablc.
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2.12 To explore the routes through which female education affects fertility, data for a limited

sample of countries where World Fertility Surveys were conducted were used to analyze the determinants

of desired familysiz (DFS), and contracertive prevalence (CP).

3. Definitions and Data Sources

3.1 The analysis is based on cross-ountry data for 72 developing countries compiled from

various secondary sources. The sample consists of low and middle-income developing economies,

according to the World Bank classification by income. We have deliberately excluded Eastern European

countries for which data is scarce, Cuba and high-income countries such as Hong Kong, Saudi Arabia,

Singapore and the United Arab Emirates as they are not strictly considered developing economies. The

total sample of 72 countries represents the maximum number of countries for which data were available

for the variables used in our analysis. Not all countries are included in all the equations and simulatiops

owing to data gaps on certain specific variables. The approach we have taken is to maximize the number

of observations in each equation; therefore the sample size varies across the equations. The countries,

along with a summary of the variables and definitions, means and standard deviations, are listed in

Appendix Tables 1 - 4. The total fertility rate is for 1985 (TFR) and represents the number of children

that would be born to a woman if she lives to the end of her childbearing years and bears children at each

age in accordance with prevailing age-specific fertility rates. The infant mortality rate (IMR), 1985, is

defined as the number of infants who die before reaching one year of age per 1000 live births. Both the

TFR and the IMR are taken from the World Bank's World Development Report, (WDR) 1987. Desired

family size (DFS) is taken from the World Fertility Survey data from 1983 to 1988. It is based on the

conventional method of measuring 'preferred' family size and is available only for 37 countries from

(Lightbourne, 1987). Contraceptive prevalence (CP) represents contraceptive use among currently
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married women for the latet available year ranging from 1982 to 1989, as assessed in 1988 from the

United Nations in Levels and Trends of Contraceptive Use and the Population Division's 1989 database

on contraceptive use found in the United Nations OWomen's Indicators and Statistics Spreadsheet

Database for Microcomputers' (WISTAT).

3.2 Gross secondary enrollment rates for males and females for 1970 and 1975 (MED, FED)

are taken from UNESCO in the World Bank's Economic and Social Database (BESD). Gross Domestic

Production (GDP) per capita, 1985 is corrected for purchasing power parity and is expressed in 1985

international prices from Summers and Heston (1991). The family planning services score (SERV), 1982

is based on part of a broader index developed originally by Mauldin and Lapham (1982) and updated by

Mauldin and Ross (1991). The score used in this paper assesses the availability and strength of service

and service-related family planning programs in developing countries (Ross et al. 1992).' The index

reflects 13 separate measures of service and service-related activities, including community-based

distribution, administrative structure and mass media for IE & C. Service (SERV) is the percent of the

maximum score for each country. The acuwal values range from 0 to 78. Population per physician

(PHYS), 1984 and the urban population as percent of total population, (URB) 1985 are from the WDR

1987.

3.3 In the simulations, the population of women of childbearing age in 1985 is taken from

WISTAT. This measure, women aged 15-44, omits women in the 45-49 bracket because the data as

presently organized and published (which is for ages 15-19, 20-24, 25-44 and 45-59) does not enable us

to compute the number of women in this older cohort. The number of births in this age cohort, however,

' his index is one of Xhe &ur compoeobt which maim up the finiy phnnipg pmgram effort score in 1982 of Mauldin
and Rou (1991). We have dwm this coawpom to isolabt a monadogenous rupply variable.
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is quite small, and as such may not significantly understate the births and deaths simulated in section 5.

4. Results and Discussion

A. Education. Family Planning Services, and Fertility

4.1 In the literature, several alternative specifications of education variables have been used.

In the present study, female and male gross secondary school enrollment rates, lagged by approximately

10 and 15 years, were used, the inference being that the higher the enrollment rates in the (agged) years,

the higher the proportion of mothers (fathers) with secondary schooling in the year 1985, in each of the

countries for which data on all the variables are available. Data limitations prevented looking at age

cohorts separately.7 Considering that a high proportion of births (i.e. a high proportion of the life-time,

realized total fertility rate) occurs before a woman reaches the age of 25-29, 15 and 10 year-lagged school

enrollment (i.e. 1970 and 1975 enrollment levels) appeared the most appropriate; the results reported

belong to these years.

4.2 We estimated the equations with both female and male secondary enrollments so as to

capture the effect of female enrollments, controlling for male enrollments. We recognize that male and

female education tend to be correlated and therefore tried female education separately (reported in

Appendix Table 5). But we felt that relying only on female education might overstate its effect. This

is, we recognize, a difficult judgement. We could see no strong theoretical case for simply relying on

male education. We also estimated the equations with and without interaction between female education

7 A better approach which was not usd in this paper for lack of data would be to use year of schooling complked (or
estuntm of same) which wouW take into account primary enrollment more effectively (see Schultz 1989).
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and family planning services. In each equation, non-linearity in the linkages between enrollments and

fertility was tested with quadratic terms. The descriptive statistics are given in Appendix Table 3, and

the results are presented in Table 1.

4.3 Irrespective of the model specification, female secondary school enrollment, lagged by

either 10 or 15 years, is inversely related to fertility rate, and the coefficient is relatively large and highly

significant. We evaluated the positive quadratic term and found that the turning point occurs at about 60

percent of gross secondary school enrollment in 1970 and 80 percent in 1975 - a level which none of

the countries in our sample had reached in either year. Male enrollment is not statistically significant.

The interaction between female education and family planning is significant: Equation 4 in Table 1 (using

1975 education data) suggests that family planning works in conjunction with education (the interaction

term is significant). This implies that the effect of family planning should be evaluated with reference

to specific levels of female secondary enrollment, as it differs depending on the enrollment level. It is

well known that education promotes more willingness to use contraception and
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Table 1. Female Education, Family Planning Serwvic, and Totl Frtyiliy Rate

Independent Variables DqWm Vedeble, WT, 1935

(I) Cl) (3) (4)
Wrdou iabwmeton, WMh im.awd.o i lW amdom Wdb iasaedo
Sec. Scb. Emollmu See. Scb. Eoimuid See. S3b. UMWAl See. S3c EmUments

1970 1970 1975 1975

Coefficient s-d ceoffie z s-a Coeffici wad. Coicen wuado

Constant 7322 15.U01e-- 7.199 14.38500 7.137 14.453w 6.77 12.4530*0

Female Secondary
Gross EnroUment, 1970 -0.187 -3.723*w .0.177 -3.450 -

Foneale Scondary
Gros ElroUmmnt squared 0.002 2.16600 0.002 2.32500

Male Secondary
Gross Enrollment, 1970 0.038 0.996 0.029 0.709 _

Male Secondary
Gross EnrollmnLt squared 0.0004 0.756 0.001 0.914

Female Secondary
Gross Enrollment, 1975 -0.116 -3.64400 -0.100 -3.0790**

Female Secondary
Grou EnroUlment squared 0.001 1.496 0.001 1.9390

Male Secondary
Gross Enrollment, 1975 0.027 1.0L 0.010 0.272

Male Secondary
Gross EnrollmentC 0.003 0.775 0.001 1.395

GDP per capita, 1985 -0.0001 -1.361 -. 0002 -1.490 -0.0001 -0.653 40.0001 40.726

Family planning services, 1982 40.021 -3.9000 -0.014 -1.251 -0.024 -4.603- 40.010 -0.695

Fem. Sec. Enrollenet and
FP services -0.0004 -0.723 0.001 -1.353

Urban populaton rrs % of total
population. 1985 -0.010 -1.040 40.100 -0.71 40.009 40.963 -0.006 4.613

Population per physician, 19e5 -0.000004 -0.576 .0.000004 -0.497 -0.000001 4.101 0.000001 0.07

Africa Regional Dummy 0.229 0.741 0.232 0.35S 0302 0.931 0.515 1.392

Asia Regional Dummy 40.496 -1.249 4.460 -1.125 .0.561 -1.361 -0.401 -0.965

LAC Regional Duimmy 0.879 2.2440- 0.321 2.147 0.373 1.190 0.282 0.886

R2 S2.82 .82 .f3 .J4

n 64 64 65 65

Absolute values of t-ratios, wberem, , and *de indicate Sicaee leveb of 10, 5, aDd I percept m ely.
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more effective use. On the other hand, equation 2 in Table 1 (using 1970 education data) fails to confirm

the interaction. What we can say definitely is that family planning does matter and may well interact with

education, and the magnitude of the effect of female education remains large, even controlling for its

interaction with family planning services. Controlling for education and family planning services, the

GDP variable is significant in only one of the equations. In two equations the regional dummy for LAC

is significant. On the whole, the results suggest that the total effect on fertility of female education

combined with family planning services is substantial.

4.4 To get a better idea of the magnitude of the effects of female education and family

planning services on total fertility, elasticities were computed. Figure 1 shows the values of elasticities

of the TFR (1985) with respect to female secondary enrollments (1970) (controlling for male

enrollments), and with respect to family planning services (1982) at different levels of female secondary

enrollments and family planning service scores. These were computed from equation 1, Table 1. The

elasticity of TFR with respect to female education has a 'U" shape, suggesting that the effect of femae

secondary enrollment on fertility is high initially until it reaches a threshold level of and then tapers off.

The elasticity of fertility with respect to female education is very high for female enrollments from 0 to

40 percent -- a range in which all but 4 of the sample countries fall. Female secondary enrollment has

the greatest negative effect on fertility at around 30 percent enrollment; the mean of female secondary

enrollment in the 1970 sample is 13 percent. Family planning services undoubtedly reduce the fertility

rate,' but the magnitudes of the elasticities of the TFR with respect to family planning services are small.

' In this equation, since it does not have an interaction term, we can estimate the independent effect of family plnning
services.



Figure 1: Elasticities of TFR 1985, with respect to Female
Secondary Enrollments, 1970 and FP Services, 1982
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......... (Means.: Female Sec. Enroll. (1970), 13%, Family Planning Service Score (1982), 24%, TFR (1985), 6.4).
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Only at the maximum possible score of the index (100) does the elasticity of fertility with respect to

family planning services reach that of female education at 30 percent enrollment rate.9 Yet the highest

score of family planning service any country in 1982 was 78.

4.5 We use the equation with female secondary enrollments for 1975 in subsequent

simulations of the effects of increasing female education and family planning services on TFR'°. When

female secondary enrollments lagged by 10 years (1975 enrollments) were interacted with family planning

services, the interaction term is significant (see equation 4, Table 1). From this equation, the elasticities

of the TFR with respect to the toal effect of female secondary education family planning services were

computed at different levels of enrollments and service scores. These are shown in Figure 2. At 20

percent enrollment level, the elasticity of the TFR with respect to the total effect of female education is

three times higher than that of family planning services. Clearly, in countries with currently low female

secondary enrollments, an expansion of female education, in combination with even a low family planning

service score, can bring fertility down substantially.

4.6 Simulations show that a doubling of female secondary enrollments (from the mean of 19

percent to 38 percent) in 1975 holding all other variables constant at their mean values, would have

reduced the TFR in 1985 from 5.3 to 3.9, whereas a doubling of family planning service score" (from

the mean of 25 percent to 50 percent), again holding other variables constant, would have reduced the

TFR in 1985 from 5.5 to 5.0. These illustrative scenarios are suggestive of the powerful influence of

9See Appendix Table 6 for actual values of the elasticities.

"We found the 1970 equation to yield unrealistic declines in TFR ae a resut of increasing female secondary enrollmen
by one percent, e.g. a reduction of close to 0.2 or a fifth of a child, in comparison to a tenth of a child in the 1975 equation.

" The independent effect of family planning services cannot be esimted from this equation as the variable is non-
significant. The effect of family plnning services can only be evaluated with reference to specific levels of female enrollment.
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female education in fertility reduction and the potential from combinations of female education and

effective family planning programs.

4.7 The extent to which female education, interacting with the mean level of family planning

services, reduces fertility can also be seen from the predicted values of total fertility rate, also derived

from equation 4, Table 1. Figure 3 presents the predicted values of total fertility rate in 1985 for varying

levels of female enrollments in 1975 and family planning services in 1982. The fertility rate falls steadily

with increases in female secondary enrollments. The rate of decline in fertility appears steep initially,

but tapers off after female enrollment levels reach 40 percent. Family planning services also reduce

fertility but by a slower rate. Even with the maximum family planning service score of 100 (quadruple

the mean of 25 percent in 1982), fertility does not reach the same level as with 40 percent female

secondary enrollment. It would appear that expansion of family planning services by itself affects fertility

much less than if it were accompanied by expansion of female secondary enrollment,'2 and the maximum

effect on fertility can be achieved with a combination of female education and family planning. This

should not be surprising since family planning enables couples more easily to achieve their fami:y-size

preferences, which reflect their education levels inter ".

12 Several micro-level studies based in household data sets have reached similar conclusions. For example, one recent
careful study based on Indonesian household-level data et confirns the small contribution of family planning program effois
to ferility decline (P. Gerder and 3. Molineaux, 1992). In this study, the authors show that over the period 1982-87, the
combined educational and economic impact, working through increaes in contraceptive use, accounted for 87 per cent of
fertility decline over the period. By contrad, measures of family planning program inputs were responsible for only 4 to 8 per
cent of the decline. Of course, this study uses a fixed effects model which reltes chlanes during 1982-86 in family plunning
inputs nd socio-economic variables to change in contraceptive use and feriliq. Since family planning was alrady quite well
eablished in 1982, these results may refiect this context.



Figure 2: Elasticities of TFR with respect to Female
Secondary Education, 1975 and FP Services, 1982
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Figure 3: Predicted TFR, 1985 for Different Levels of
Female Education & FP Services
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B. Female Education. Desired Family Size and Contraceptive Prevalence

4.8 Female education affects fertility in several ways, but we consider two ways: it reduces

the desired family size, and it promotes contraceptive use. There are important empirical problems in

mapping out these effects. For example, desired fertility could fall for a variety of reasons of which

female education is one. Similarly, contraceptive prevalence could increase due to many factors. There

are (unknown) time lags in each effect. There are, of course, serious data and measurement problems,

as discussed in para 2.6 above. For example, desired family size is available from WFS surveys only

for 37 countries, may not be exactly comparable across countries, and reflects subjective judgments.

These limitations must be taken into consideration when interpreting the results.

4.9 Data from World Fertility Surveys shown in Figure 4 depict the total (actual) fertility and

desired fertility for a sample of 37 countries in 1988, along with the country's female secondary

enrollment rate in 1975. Above a female secondary enrollment of about 40 percent, actual and desired

fertility rates begin to converge, indicating that women with more education are better able to reach their

desired fertility. In Figure 5 contraceptive prevalence, total fertility and female secondary school

enrollments are plotted. As expected. contraceptive prevalence increases and total fertility decreases with

higher levels of female education.

4.10 The results on DFS and CP were obtained from two regressions with desired family size

(DFS) and with contraceptive prevalence (CP) as the dependent variables; the estimated equations are

presented in Tables 2 and 3 and show the role of female secondary education relative to other factors.



Figure 4: Total and Desired Fertility
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Figure 5: Female Secondary Enrollment, Contraceptive
Prevalence and TFR, 1988
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The independent variables include male and female secondary enrollments, GDP per capita, and regional

dummies, and family planning services in the CP equation. The equations were also estimated allowing

female secondary enrollments to enter separately. In both DFS and CP equations, the coefficient of

female secondary school enrollments is highly significant with the expected signs for the linear term and

the quadratic term; the turning point occurs only at a high (40 percent) level of female secondary

enrollment.'3 While the male education variable is not significant, GDP per capita is highly significant

in both DFS and CP equations. Ceteris paribus, a rise in GDP per capita leads to a higher desired family

size up to a threshold level reflecting the positive income effect on fertility, but beyond a threshold level

increases in GDP lead to a fall in desired family size; the quadratic terms for GDP are highly significant

with a negative sign. The impact of an increase of GDP per capita on contraceptive prevalence (CP) is

also non-linear; it leads to a rise in CP initially, but after a threshold income level, it has a negative

impact on CP. Family planning services are highly significant and has positive impact on CP.

4.11 The elasticities of contraceptive prevalence with respect to secondary school enrollment,

GDP per capita, and access to family planning services are shown in Figure 6. The elasticity with respect

to education has an inverted "U" shape, peaking again at 30 percent enrollment with an elasticity of 0.33.

However, it is worth stressing that the family planning service score is an extremely important

determinant of contraceptive prevalence. The service component has a strong positive upward slope, and

at a score level of 20, reaches the same contraceptive prevalence level as for 10 percent female

enrollment."4

" When female secondary enrollments were entered without male enrollments (see Appendix Table 7) female secondary
enrollnents still retain their high statistical significance.

Il The actual values of these elasticities are given in Appendix Table 8.
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Table 2. Female Education, GDP per capita and Desired Family Size

Independent Variables Dependent Variable, DFS, 1988

Constant 3.404 3.817***

Female Secondary Gross Enrollment, 1975 -0.109 -2.781***

Female Secondary Gross Enrollment' 0.001 2.579***

Male Secondary Gross Enrollment, 1975 0.018 0.320

Male Secondary Gross Enrollment2 0.00001 0.125

GDP per capita, 1988 0.001 2.381**

GDP per capita'2 -0.0000001 -2.162**

Africa Regional Dummy 3.181 7.301***

Asia Regional Dummy -0.147 4.361

LAC Regional Dummy 0.392 0.865

Adjusted R2 .74

n= ~~~~~~~~~~~~~~~~~~~32
bsolute values of t-ratios, where , * and *** indicate significance levels o 10, 5, and I percent respectively.

Table 3. Female Education, GDP per capita and Contraceptive Prevalence

Independent Variables Dependent Variable, CP, 1988

Coefficient t-ratio

Constant -8.166 -1 572

Female Secondary Gross Enrollment, 1975 1.437 2.683***

Female Secondary Gross Enrollment' -0.012 -1.924*

Male Secondary Gross Enrollment, 1975 -0.040 -0.093

Male Secondary Gross Enrollment' -0.005 -0.970

GDP per capita 1988 -0.007 -3.107***

GDP per capital -0.000001 -2.655***

Family planning services 1982 0.526 7.701***

Africa Regional Dummy -0.525 -0.150

Asia Regional Dummy -5.351 -1.451

LAC Regional Dummy -3.738 -0.817

R2 .,183

n 61

Absolute values of t-ratios, where * **, and ** indicate significance levels of 10, 5, and 1 percent respectively.



Figure 6: Elasticities of Contraceptive Prevalence with
respect to Female Enrollments, 1975, FP Services & GDP pc
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4.12 Controlling for female education, the elasticity of CP with respect to GDP per capita is

smaller. It could be argued that progress in contraceptive prevalence may occur quickly (without

timelags) as GDP per capita grows, whereas the female education route would require more 'waiting'.

But this argument may be more hypothetical than real. Consider a typical, poor country with per capita

GDP under $ 300 and a female secondary enrollment rate of 10 percent. If this country wants to promote

contraceptive prevalence by 1 percent in 1985, it would involve an increment of female secondary school

enrollment of 2.4 percent in 1975 and a wait of 10 years. That country might in theory raise GDP per

capita and achieve the same objective more quickly, say in one year, without any time lag. However,

to do this, the country would need annual GDP per capita growth of 14 percent, which is not usually

feasible. A per capita GDP growth of this magnitude was achieved by few countries during the gn1ire

decade of the 1980s, especially in Sub Saharan Africa.'5 Thus, while "waiting time' may seem a

disadvantage in the female education route to fertility reduction, the income route may also not be quick.

Building a sound institutional and administrative framework for effective family planning programs also

needs time.

C. Female Education. Access to Medical Care, and Child Health

4.13 The results relating to the determinants of infant mortality are presented in Table 4. One

public program variable is considered: population per physician. Of course, this measure of health

programs affecting the IMR is highly inadequate (as we acknowledge in footnote 6). We considered

using additional variables, namely access to safe drinking water and the percentage of infants immunized,

but were unable to use the former due to lack of reliable data, and the later due to its endogeneity and

Is See WorW Bank (1989), Sustainable Growth with Eouity: Sub-Saharan Africa.
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the lack of a good instrumenting variable to measure access rather than use.

4.14 Female secondary enrollments again are highly significant. The quadratic terms are

positive but not statistically significant. Male education is not statistically significant for either 1970 or

1975 enrollments"6. The health program effort variable, population per physician, is highly statistically

significant in all equations. GDP per capita is also significant with the expected negative sign. Family

planning services is negative and statistically significant only in the equation with 1975 enrollments, while

the urban variable is positive and significant in the 1970 equation only. The LAC regional dummy is

significant in the 1975 equation. Thus, even after controlling for income and the program variable,

female secondary education is clearly a prime factor in reducing the IMR.

4.15 The elasticities of the IMR with respect to female enrollments in 1975, population per

physician and GDP per capita have been computed from Table 4 and are shown in Figures 7a and 7b.

The direction of the results was similar for the 1970 equations, thus only the results with 1975

enrollments are presented here. The elasticity of IMR with respect to female secondary enrollment

sharply rises to -0.92 at an enrollment level of 40 percent; whereas the elasticity of IMR with respect to

GDP per capita is low at -0.21 even at a per capita GDP level of $1800.1' The elasticity of IMR with

respect to population per physician is positive and decreases as the ratio decreases. It reaches 0.06

percent when the ratio of population per physician is halved (from the mean). For a typical, poor country

with a GDP per capita of $300, a female secondary enrollment rate of 10 percent, and physician for every

15,000 people, let us consider alternative approaches to reducing infant deaths. A doubling of female

enrollments (from 10 percent to 20 percent) would bring down the IMR from 105 to 78, whereas a

doubling of GDP per capita would reduce IMR from 102 to 99. Halving the ratio of population per

" Appendix Tabk 10 presents the results when female education alone is entered into the equation.

17 Te aCtual values of these elasticities are given in Appendix Tabk 9.
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physician would reduce the IMR from 85 to 81. These illustrative scenarios suggest the powerful

influence of mother's education in the prevention of infant deaths.

Table 4. Infant Mortality (1985), Female Education and Program Variables

Independent Variables Dependent Variable, IMR 1985

(1) (2)
Enrollments 1970 Enrollnents 1975

Coefficient t-ratio Coefficient t-ntio

Constant 85.246 7.474*** 98.849 7.561***

Female Secondary
Gross Enrollment Rate, 1970 -3.309 -2.373**

Female Secondary
Gross Enrollment Rate squared 0.020 0.946

Male Secondary
Gross Enrollment Rate, 1970 1.609 1.718

Male Secondary
Gross Enrollment Rate squared -0.01 -0.494

Female Secondary
Gross Enrollment Rate, 1975 -3.055 -3.720***

Female Secondary
Gross Enrollment Rate squared 0.014 1.237

Male Secondary
Gross Enrollment Rate, 1975 0.710 1.113

Male Secondary
Gross Enrollment Rate squared 0.01 0.910

Family planning services 1.049 1.047 4.187 -1.682*

Population per physician, 1984 0.001 2.433** 0.001 3.795***

Urban population as % of total population 0.660 1.681* 0.389 1.571

GDP per capita, 1985 -0.018 -2.466** -0.010 -3.872*E*

Africa Regional Dummy 8.540 0.604 10.470 1.532

Asia Regional Dummy 3.252 0.229 9.299 1.118

LAC Regional Dummy 20.611 100 19.094 2.315S**

Adjusted R2 .75 .73

n= 64 65

Absolute values of t-ratios, where *, **, and *** indicate significance leveh of 10, 5, and 1 percent respectively.
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4.16 To examine the above scenarios more clearly, the response of the IMR to female

education relative to population per physician and GDP per capita is shown in Figures 8a and gb, which

give the predicted values of the IMR for different levels of female secondary enrollments, holding all

other variables constant at their mean level. The IMR falls steadily until female secondary enrollment

reaches 50 percent. Also as expected, a rise in GDP per capita leads to a fall in IMR, ceteris paribus,

with a slightly steeper slope than for population per physician. However, a GDP level of $4800 - a

clearly implausible proposition for many developing countries even within a decade - would be needed

to reach the level of IMR obtained with 30 percent female secondary enrollments. The IMR falls after

halving the ratio of population per physician (again keeping all other variables, including female

secondary enrollments constant at their mean level), but at a much lower pace compared to female

enrollments. Thus, for developing countries, female education appears to be a powerful way to reduce

infant deaths.

4.17 The combined effect of fertility reduction and improvement in infant survival from

increasing female enrollments can be seen from the predicted values of each plotted in Figure 9." The

reduction in fertility and improvement in infant survival are striking. The simulation shows that with

increasing levels of female secondary enrollment in 1985, not only does the number of births per woman

fall, but the proportion of infants who survive rises. Doubling the mean level of female education from

19 percent to 38 percent, holding all other variables constant at their mean values, would reduce the TFR

from 5.3 to 3.9. Similarly, the proportion of infants surviving increases as the IMR falls from 81 to 38.

" Infant survival rate computed as 1-(IMR/1000) multipLied by TPR.
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Figure 9: Predicted TFR and Infant Survival Rates at
different levels of Female Secondary Enrollment in 1975
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5. Quantifying the Gains in Fertility and Mortality Reduction: Some Simulations

5.1 The econometric estimates obtained from cross-country analysis can be used to simulate

what the impact in the 1980s would have been had the female secondary school enrollment rate been

double its actual its average in 1975, keeping all other variables (including health and family planning

services) constant at their mean values. The impact of doubling (and trebling) the family planning

services index was also simulated. In both simulations, the results take into account the synergism

between female education and family planning services. The results (shown in Table 5) are striking. For

a sample of 65 low and middle income developing countries (including China) which account for 93

percent of the population of developing countries, doubling female secondary enrollment from the mean

of 19 percent to 38 percent in 1975, in combination with family planning services (held constant, along

with all other variables, at their mean values), would have reduced the number of births by 29 percent

compared to the actual in 1985'4. Doubling the family planning services score, interacting with an

unchanged female enrollments (held constant at its mean value along with all other variables), would have

reduced the number of births by 3.5 percent. Of the developing countries, only two have been able to

reach a service level of 75 (China and Indonesia have scores of 78), whereas as many as 14 developing

countries, some of which with relatively low per capita GDP such as Sri Lanka and Indonesia, reached

40 percent female secondary enrollment level in 1975, and this number rose to 28 in 1988. The highest

gains (in terms of births averted as percent of actual) from female education occur in the countries of

South Asia and Sub Saharan Africa.

" CalcuWed using the predicted values of TFR and actual female population of childbearing age (15-44) in the sample
countries for 1985.



Table S. Gains In Births Averted through Female Education and Family Planning Program Services: Simulation Results!'
Births per year, 1985 (millions)

Raising Femal Secondary Enrollments Raising Pamily Planning Savis

Countrie" Actual Remarks Simulated Bilb Col. 5 as Remarks Simulated Births Col. 9
Averd % of col. 2 Aveded 2%of

ccl. 2
(1) _ (2) (3) (4) (5) (6) (7) (8) (9) (10)

Low and Middle Inco1 m 102.5 Socnario 1: if female 72.9 29.6 29 Scenario 1I 98.9 3.6 3.5
(n'65)y grO# enrollment rtes in

1975 were doubled to Scenario 2 93.4 9.1 3.9
_ _ ~~~38% from 19% (actual).Y _ _ Low Income (ns31)F 81.2 55.6 25.6 32 Scenario it, 79.6 1.6 2.0

Scenario 2 77.1 4.1 5.0

Sub-Sharan Afica (n=26)Y' 17.4 11.3 6.1 35 Sceario 1it 16.2 1.2 6.9
I________Scenario 2Y 15.5 1.9 11.0

South Asia (n=5),' 33.9 17.7 16.2 48 Scenario 1' 33.7 0.2 0.6
Scenario 2Y 31.9 2.0 5.9

I/ These simulations are based on equation 4 in Table 1.
21 According to World Bank chssification.
3/ These 65 countries represent 76% of the world's population and 93 of the LDC population, including China.
4/ Keeping all other variables constant at their mean values,
S/ These 31 countries represent 61 % of the world's population and 97% of the low-income LDC population, including China.
6/ Thee 26 countries arc: Benin, Botswana, Burkina Faso, Burundi, Central African Republic, Cote d'lvoire, Ethiopia, Ghana, Guinea, Kenya, Lesotho, Liberia, Madagascar, Malawi, Mali,
Mauritius, Mozambique, Niger, Nigeria, Rwanda, Sierra Leone, Somalia, Sudan, Tanzania, Togo, Uganda, Zaire, Zambia, and Zimbabwe. They represent 8.7% of the world's population
and 94% of SSA's population.
7/ TheseS countries ar: Bangladesh, Nepal, India, Pakistan, and Sri Lan. They represent 23.1 % of the world's population and 96% of South Asia's population.

j/ Scenario 1: if hmily panning ervice index score in 1982 were doubled to 50%, from 25% (actual) (see foounote 4).
k/ Soenario 2: if fmily p_annng ervice index score in 1982 were tripled to 75%, from 25% (actual) (see footnote 4).
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5.2 Table 6 shows similar simulations for gains in the reduction of infant deaths. Doubling

female swcondary school enrollments has a dramatic impact on infant deaths averted, reducing them by

64 percent for the sample of developing countries as a whole. The gains in terms of deaths averted are

again highest in South Asia and Sub Saharan Africa. Reduction of the ratio of population per physician

results in prevention of infant deaths, but to a much smaller extent (2.5 percent), while an increase in

GDP per capita from $650 to the median level in the sarnple of $1300 has no effect on infant deaths.

5.3 The simulations show the virtue of expanding education as well as health and family

planning services to reduce fertility and promote child health. Just expanding female education itself

would have a significant impact. However, combining female education with health and family planning

services would have the greatest impact on the reduction of births and infant deaths. At the same time,

the simulations suggest that exclusive reliance on health and family planning program efforts, without

expanding female education, will not affect the TFR and IMR substantially, especially in very poor

countries with a low female secondary education base. Female education is thus a powerful force for

health and family planning in the developing world.



Tabb 6. Gains In Infant Deathts Averted through Feumle Education versus Health Services and GDP per capita change: Simulation Result#
Infant Deaths per yea, 1985 (millions)

Cousimer Actul Ranaxks Simubled Averted Col. 5 au % Remarks Simuhated Averted Col. 9 as % Remarks Simulated Avenled Col. 3 as *
of Col. 2 of Col. 2 of Col. 2

(1) (2) (3) (4) (5) (6) (7) (a) (9) (10) (11) (12) (13) (14)

Low & middle income 8.0 The swcario if 2.9 5.1 64 Scenario 7.8 0.2 2.5 Scenario 8.0 0 0
(a-65W femak gross halving the rising GDP

esmuD altet in ratio of per capita
Low rwoce (n-319 6.8 1975 wre 2.3 4.5 66 populatior per 6.6 0.2 2.9 level from 6.8 0 0

doubled from physician in S650 in 1985
Sub-Sahars, Ahica 2.1 19% (actual) to 0.4 1.7 31 1984 from 1.9 0.2 9.5 to the median 2.0 0.1 4.8
(n-26_ 38%Y 11,851 (mean) of $1300. 

to 5926. '
Soth Asia (at-5) 3.2 0.7 2.5 78 3.2 0 0 3.2 0 0

1/ Tmt st_iatift are a atue ott equation 2 in Table 4.
2/ Aeccdiag to World Bank cwaficatioo. .n
Y Tles 65 cen_ries reptmq_ 76% of the world's poultion and 93 of the LDC population, including China.
_I Keqoig afl tbe variabei comuae t at their mean valuea.
_I lThe 31 oou_im r t 61 S of the worlds popultion anud 97% of the low-income LDC population, including China.
j/ These 26 eomarles are; n. Beut,wana. Buwkia Fasao, Burundi, Cental African Republic, Cote d'lvoire, Ethiopia, Gha', Guinea. Kenya, Lesotho, Liberia, Madapscar, Malawi, Mali, Mauritius, Mozrmbiquc, Niger, Nigeria. Rwanda, Sierra
LAM. SOiME, Sudam. Tafaram, Toga, Upnda, Zaire, Zambia, and Zimbabwe. They represent 8.7% of the world's population and 94% of SSA's population.
2/T se 5 o is am: Bangldes, Nepal, nd, Pktn. and S Lank. Tey reprcAt 23.1% of the world's populationand 96.3% of South Asia's population.
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6. Implications for Policy and Concluding Renarks

6.1 This paper explored the strength of female secondary enrollment relative to, and/or in

combination with some health and family planning program efforts to reduce fertility and infant mortality

in the developing world. The relative strength of these strategies seems to vary at different levels of

socio-economic development, suggesting the need for careful consideration of priorities especially in

countries with low female secondary enrollments. The equation with 1975 enrollment rates suggests that

effect of family planning services should be evaluated with reference to specific levels of female

enrollments. The elasticity of the total fertility rate with respect to female secondary enrollments is

consistently higher than for family planning services, ceteris paribus. Thus expansion in female education

reduces fertility substantially and even more when family planning services accompany it. For example,

a doubling of female secondary enrollments in 1975 from the mean of 19 percent to 38 percent would

have reduced the fertility rate from 5.3 to 3.9, whereas a doubling of family planning services in 1982

from the mean of 25 to 50 would have reduced the total fertility rate from 5.5 to 5.0. In countries where

the female secondary education base is low, this research suggests that the expansion of female secondary

education may be the best single policy lever for achieving substantial reductions in fertility. However,

couples who desire smaller families certainly ought to have good family planning options at hand, and

improvements in family planning will enable and encourage more couples to opt for contraception.

6.2 With respect to infant mortality, public programs with reduction in the ratio of population

per physician coverage do reduce infant deaths independently of female education. However, the

elasticities of the IMR with respect to female secondary enrollments are always greater than with

reduction in the ratio of population per physician coverage or GDP per capita. Our simulations show that

the reduction in IMR from expansion of female enrollments is striking. For example, in a typical poor

country with a GDP per capita of $300, female secondary enrollment of 10 percent, and a physician for
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every 12,000 people, a doubling of female education in 1975 would have reduced the IMR in 1985 from

105 to 78; in comparison, a halving of the ratio of population per physician would have lowered the IMR

from 85 to 81, and a doubling of GDP per capita would have lowered the IMR from 102 to 99. When

the results are translated into deaths averted, the magnitude of reductions in deaths obtained from small

increments in female education swamp the reduction in IMR obtained from even massive direct programs;

for example, while doubling female enrollment rate reduces infant deaths by 64 percent, halving the ratio

of population per physician reduces infant deaths by 2.5 percent. Of course, our measure of health

programs is very imperfect and doubtless understates the impact of health care. But it is reasonably clear

that expanding female education is a powerful option for many developing countries.

6.3 The simulations attempted in this paper show that the gains from female education in

terms of births averted are also striking. For example, doubling female secondary school enrollments

from their mean level in 1975, keeping all other variables (including family planning services) constant

at their mean values, would have lowered births by 29 percent compared to the actual number in 1985.

Doubling the family planning service score, keeping all other variables constant at their mean values,

would have reduced births by 3.5 percent. The gains from expansion of female secondary schooling are

largest in South Asia and Sub-Saharan Africa where the female enrollment rates were among the lowest

in the world in 1975. Since then there has been progress; yet even as of 1989, 25 out of 27 countries

with female enrollment rates of less than 20 percent are in Sub Saharan Africa and South Asia.

6.4 The broad conclusion of this study is that family planning and health programs reduce

fertility and mortality, and the impact of expanding female secondary enrollments appears to be even

greater, especially in countries with low female secondary enrollment. The gains are, of course, greatest

when female education is combined with health and family planning programs.
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Table Al. List of Sample Countries

Sample n = 72

Low Income Lower Middle Income Upper Middle 1wom
n = 37 n -27 n 6 8

AfghanistanuT Boliviay Algea
Bangladeshi' Botmwi Brazil
Benin CameroonlWr lan, Islamic Rep.
Burkina Faso Chile Iraq
Burma Colombia Korea, Rep. of
Burundi Coda Rica Pnawma
Central African Rep. Cote d'lvoire Trinidad and Tobago
Chad2' Ecuador Venezuela
China" Egypt, Arab Rep.
Ethiopia El Salvador
Ghana Guatemala
Guinea Hondurms
Haiti-' Jamaica
India Maaysia
Indonesia Mauritius
Kenya Mexico
Lesotho Morocco
Liberia Papua New Gui_m
Malawi-' Paraguay
Madagascar Pcm
Mali Senegal
Mauritania1' Syrian Arab Rep.
Mozambiquel Thailand
Nepal Tunusia
Niger Turkey
Nigeria' Yemen Arab RepubIie
Pakistan Zimbabwe
Rwanda
Sierra Leonc
Somalia
Sri Lanka
Sudan
Tanzania
Togo
Uganda
Zaire
Zambia

Note: Not all countries were used in all the equations and simulations owing to pps in the data on ceitain specifc
variables as shown below:
I/ Not used in the TPR or IMR equtions wih 1970 enollments (n-64).
V Not used in the TFR or IMR equations with 1975 enrollm (n-65).
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Table A2. Variables and Definitions

Variable Definition

TFR85 Total fcrtility rate, 1985, representing the number of children that would be born to a
woman if she were to live to the end of her childbearing years and bear children at each
age in according with prevailing age-specific fertility rates.

IMR85 Infant mortality rate, 1985, defined as the number of infants who die before reaching one
year of age, per 1000 live births.

FED70 Gross secondary enrollment rates for females and males, 1970 and 1975 (1988 was used in
MED70 the contraceptive prevalence equation).
PED7S
MED7S

GDP Gross domestic product per capita, 1985, purchasing power parity adjusted. 1988 used in
equation for contraceptive prevalence and desired family size.

PHYS Population per physician, 1984 (latest year available). The number includes medical
assistants as well as registered practitioners.

URD Urban population, as a percent of total population, 1985.

CP Contraceptive Prevalence 1988, represents contraceptive use among currently married
women for the latest available year (range 1983-89)

SERV Percent of the maximum service score that a country has, from the service component of
Family Program Effort, 1982 (Mauldin and Ross 1991, and Ross et al. 1992). It includes
community-based distribution, social marketing, home-visiting workers, etc.

DFS Desired Family Size, 1983-88, measures 'preferred' family size (WFS).

DUMAPR Dummy Regional Variabks representing Africa, Asia and LAC.
DUMAS
DUMLAC
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Table A3. TFR Equations - Means of Standard Deviations

Variables Mean Std. Dev. Mean Std. Dev.

TFR85 5.40 1.52 5.35 1.57

FemSec70 13.38 12.71

MalSec7O 20.34 13.74

FemSec75 18.87 16.55

MalSec75 26.74 17.05

GDP PC85 2124.30 1588.0 2114.5 1585.7

Service 82 23.77 20.6 25.48 21.7

Urban 85 37.00 19.62 35.79 20.0

Pop Phy 84 12053.00 15313.0 11851.0 15213.0

Dummy Africa 0.47 0.50 0.45 0.50

Dummy Asia 0.16 0.36 0.18 0.39

Dummy LAC 0.25 0.44 0.25 1 0.43

il n = _ 64 65

Table A4. IMR Equations - Means of Standard Deviations

Variables Mean Std. Dev. Mean Std. Dev.

IMR85 84.38 40.55 84.83 41.8

FemSec7O 13.38 12.71

MaISec7O 20.34 13.74

FemSec7S 18.87 16.55

MalSec7S 26.74 17.05

Pop Phy 84 12053 15313 11851 15213

Urban 85 37.0 19.62 35.79 20.0

GDP PC8S 1985.5 1523.3 1976.2 1520.9

Service 82 23.77 20.6 25.48 21.72

Dummy Africa 0.47 0.50 0.45 0.50

Dummy Asia 0.16 0.37 0.18 0.39

Dummy LAC 0.25 0.44 0.25 0.43

n= 64 65
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Table AS. Education, Family Planning Services, and Total Fertility Rate

Independent Variables Dependent Variable, TFR, 1935

Without interaction [ With interaction Without int6raction With interaction
(1) (2) (3) (4)

1970 1975

Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio

Constant 7.678 13.1250*- 7.303 12.3990*- 7.324 6.549--¢ 6.597 4.886- 

Female Secondary
Gross Enrollment, 1970 -0.084 -3.804**- -0.167 -3.532--

Female Secondary
Gross EnroDment 0.001 2.083-- 0.002 2.2420-

Female Secondary
Gross Enrollment, 1975 -0.055 -2.092*0 -0.050 -1.801*-

Female Secondary
Gross Enrollment" 0.0002 0.596k* 0.001 1.253

GDP per capita, 1985 -00002 -1.414 -0.0002 -1.389 -0.0001 -0.621 -0.0001 -0.270

Family planning ervice -0.023 -2.949-** -0.014 -1.007 -0.022 -1.381 -0.0001 -0.004

Fem. Sec. Enrollment
FP services -0.0004 -0.624 -0.001 -1.680*

Urban population as % of
total population -0.005 -0.502 -0.005 -0.492 -0.002 -0.185 -0.002 -0.222

Under 5 mortality rmte, 1985 0.001 0.117 0.003 0.200 0.007 0.170 0.018 0.385

Africa Regional Dummy -0.347 -1.001 -0.290 -0.806 -0.146 -0.388 0.057 0.142

Asia Regional Dummy -0.850 -1.879 -0.852 -1.856* 40.815 -1.27 -0.866 -1i26

LAC Regional Dummy -0.285 -0.920 -0.323 -1.010 -0.495 -1.502 -0.574 -1.627

R' .79 .78 .79 .76

n 64 64 65 65

Absolute values of t-rtios, where, an, ad *-- indicate significance levels of 10, 5, and I percent reqectively.
I/ 2-stage least squares using population per physician to instrument under 5 mortality rate.
2/ Female Secondary Enrollment used in (a) and (b); male enrollment used for (c).
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Table A6. Elasticities of TFR with respect to Feanle Secondary Enrollment and Family Paning Seice at
Different Levels of Enrollmats, and Sevice

Leves of Family Planning Family Planing
e.oilment/ Serices Servic
Levela of servie Fdema Education (1970 education Feank Education (1975 education
Icore (1970) equton) (1975) equation)

Mean -0.359 .092 -0.307 4.096

10 -0.288 -0.039 -0.186 -0.038

20 -0.459 -0.077 -0.320 -0.07S

30 -0.513 -0.116 -0.399 -0.113

40 -. 449 -0.155 -0.426 -0.150

50 -0.268 -0.194 -0.399 -. 1U

60 -0.031 -0.32 -0.319 -0.225

70 0.447 -0.271 -0.1S -0.263

s0 0.900 -0.3 10 0.001 -0.300

90 1.631 -0.349 0.242 -0.338

100 2.400 -0.388 0.534 -0.375

Source: Computed from equations I and 4 in Table 1.
Mcans: Female Secondary Enrollment Rate 1970: 13%. Family Panning Servca 1982: 24%, IMR 34.4.
Means: Female Secondary Enrollment Rae 1975: 19% Family Planning Serviceo 1982, 25%, IMR 84.8.
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Table A7. Female Education, GDP per capita, Desired Family Size, and Contraceptive Prevalence

Dependent Variable, DFS, 1988 Dependent Varble, CP, 1988

Coefficient t-ratio Coefficient t-ratio

Constant 4.092 7.2S5*** -10.832 -2.683***

Female Seconday Gross Enrollnent, 1975 -0.070 -3.483*** 0.926 2.657***

Female Secondary Gross Enrollinent' 0.001 2.704*** -0.010 -1.994**

Male Secondary Gross Enromllent, 1975 _

Male Secondary Gross EnmUment_

GDP per capita 1988 0.001 2.005** 0.008 3.169"**

GDP per capita -0.0000001 -1.733* -0.000001 -2.615***

Family planning services 0.524 7.352***

Africa Regional Dummy 2.826 6.129*** 2.798 0.728

Asia Regionl Dunmy -0.362 -0.844 -2.853 -0.652

LAC Regional Dummy 40.022 -0.046 2.846 0.583

R2 ~~~~~~~~~~~~.74 .82

n 32 61

Absolute values of t-raiios, where', a* nd ** indicate significance levels of 10, 5, and 1 percent respectively.
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Table A8. Elasticities of Contraceptive Prevalence, with respect to Female Secondary School Enrollnent Rate,
Access to Family Planning Services, and GDP per capita, at Different Levels of Enrollment, Access and Income

Range SSE and Access Female Secondary School Access to Family Range GDP per capita,
Services= 0-100 Enrollment Rate in 1975 Planing Services, GDP= 300-3000 1988

1982

10 0.239 0.172 300 0.075

20 0.349 0.343 600 0.143

30 0.330 0.515 900 0.205

40 0.182 0.687 1200 0.260

50 -0.095 0.S58 1500 0.308

60 -0.500 1.030 1800 0.351

70 -1.035 1.201 2100 0.387

S0 -1.699 1.373 2400 0.416

90 -2.491 1.545 2700 0.439

100 -3.413 1.717 3000 0.455

ource: Computed from Table 3.
(Means: Female Secondary Enrollment 1975: 20.3%, Access to Services: 28%, GDP per capita: $2324, and CP)

Table A9. Elasticities of IMR with respect to Female Secondary Enrollments, Population per Physician, and GDP
at Different Levels of Enrollment, 1975

Femal Education Population GDP per
per Physician capita

Enrollment levels Range Range
28.000- $300-

1.000 $4800

Mean -0.563 Mean 0.094 Mean -0.234

10 -0.327 28,000 0.230 300 -0.036

20 -0.590 25,000 0.205 800 -0.095

30 -0.786 22,000 0.181 1300 -0.154

40 -0.918 19,000 0.156 1800 -0.213

50 -0.984 16,000 0.131 2300 -0.272

60 -0.985 13,000 0.107 2800 -0.332

70 -0.921 10,000 0.082 3300 -0.391

80 -0.792 7,000 0.058 3800 -0.450

90 -0.597 4,000 0.033 4300 -0.509

100 0.337 1,000 0.008 4800 -0.568

ource: Computed from qu-ahon2 i Table 4.
(Means: Female Gross Enrollment Rate 1975, 20%; Population per Physician 1984, 118511, GDP per capita 1985, $2042, IMR 84.8)
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Table AIO. Educaflon, Propam Vrabl and afa t MortaliY

bdeent Variabl Depaedt Variable, IMRS5

Coefficient t-ntio Coeffciant t-rrtio

Constant 124.601 5.1700* 12S.669 6.072**

Female Secondary -3.437 -1.496 -2.518 -1.959*
Gross Enrolhnent Rate, 1970

Female Secondary 0.029 0.8S6 0.01S 1.144
Gross Enrolment Rats' _ _ _

Fenale Sonday -2.518 -1.9590
Gross Enrollment Raw, 1975

Fenale Secondary 0.018 1.144
Gross Enrollment RaeMO_ _ _ _ _ __ _ _ _ _ _ _ _ _ _

Contraceptve prevalence 1.171 1.046 0.597 0.805

Population per physician, 1984 0.001 2.549** 0.001 2.4470'

Urban population as % of total population 0.833 2.109a 0.6S1 2.137a'

GDP per capita, 1985 -0.019 -2.525** -0.014 -2.681*"'

Infants Immunized, 1987 -0.559 -1.851* 4.376 -1.644

Africa Regional Dummy -7.452 4.565 -3.900 -0.349

Asia Regional Dummy -8.202 -. 540 -9.187 4.661

LAC Regional Dummy +3.263 -1.001 -13.291 -1.141

Adjuted R2 .55 .68

n 62 63

Absolute values of t-rtios, wbere, usd a' indicat siCice kwveb of 10, 5, and 1 percent respectively.
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Table All. Infant Mortality (198S), Female Education and Program Variables, including Inmunization

Independent Variables Dependent Variable, IMR 1985

(1) (2)
Ebnollments 1970 Enrolments 1975

Coefficient t-ratio Coefficient t-rtio

Constant 107.953 6.544"*** 119.42 6.344***

Female Secondary
Gross Enrollment Rate, 1970 -3.151 -2.142**

Female Secondary
Gross Enrollment Rate squaed 0.020 0.894

Mole Secondary
Gross Enrollment Rate, 1970 1.437 1.495

Male Secondary
Gross Enrollment Rate squared -0.01 -0.343

Female Secondary
Gross Enrollment Rate, 1975 -2.853 -3.380***

Female Secondary
Gross Enrollment Rate squared 0.013 1.082

Male Secondary
Gross Enrollment Rate, 1975 0.329 0.518

Male Secondary
Gross Enrollment Rate squared 0.012 1.408

% Infants Immunized, 1987 -0.297 -1.981** -0.249 -1.663*

Family planning services -0.123 -0.992 -0.098 -0.788*

Population per physician, 1984 0.001 3. 100** 0.001 2.652***

Urban population as % of total population 0.359 1.473 0.312 1.257

GDP per capita, 1985 -0.011 4.016*** -0.010 -3.517***

Africa Regional Dummy 7.235 0.909 8.250 1.228

Asia Regional Dummy 2.715 0.275 1.875 0.186

LAC Regional Dummy 14.432 1.276 15.281 1 .908*

Adjusted R2 .76 .78

n= 64 65

Absolute values of t-ratios, where', a, and "' indicate significane levels of 10, 5, and 1 percent respectively.
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