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ABSTRACT
The purpose of this dissertation is twofold.

First,

it examines the relevance of the modernization version of
the theory of demographic transition for modern fertility
patterns.

Originally, the theory of the demographic transi

tion described a process of changes in mortality and
fertility rates experienced by many European countries in
the nineteenth century.

Recently, the theory of the demo

graphic transition has been restated to include the role of
modernization in mortality and fertility changes.

Several

scholars, however, have asserted that the modernization
version of the theory of the demographic transition does not
apply to modern population dynamics.

This dissertation

tests this assertion.
The second purpose of this dissertation is to assess
the role of natural resource availability in the moderniza
tion version of the theory of the demographic transition.
Natural resource availability is one possible detemifiinant
of modernization and may hinder the prospects for moderni
zation, and eventually fertility, when available natural
resources are scarce.

Natural resource availability may

also affect fertility directly, that is, net of the effect
of modernization on fertility.

It can be assumed that the

availability of natural resources influences the prices of
X

goods and services, including children, desired by a couple.
In this manner, children are competing with other goods and
services desired by the couple.

When natural resource

availability is low, prices are high.

Thus, a couple with

limited spending power may decide to have fewer children in
order to purchase other desired goods and services.
The relevance of the modernization version of the
theory of the demographic transition and the role of natural
resource availability in demographic transition theory are
examined in the model of fertility used in this disserta
tion.

The main hypotheses are:

(1) that natural resource

availability has a positive effect on modernization, (2)
that modernization has a negative effect on fertility, and
(3) that natural resource availability has a positive effect
on fertility, net of the other variables in the model.

The

first two hypotheses can be combined so that natural re
source availability may have an indirect, negative effect
on fertility, via modernization.
The analysis supports the indirect, negative rela
tionship between natural resource availability and fertility,
with modernization as the intermediate variable.

The

hypothesized positive effect of natural resource availability
on fertility, net of the other variables in the model, was
not supported by the analysis.

The analysis strongly sup

ports the belief that the patterns of fertility decline
predicted by the modernization version of demographic

XI

transition theory are relevant for modern LDC's and MDC's.
It is shown that (1) African and Asian coiintries are in the
early stages of modernization and are experiencing high,
relatively stable fertility rates; (2) Latin American
countries are in the middle stages of modernization and are
experiencing rapid declines in fertility; and (3) the MDC's
are in the later stages of modernization and have low,
relatively stable fertility rates.

CHAPTER 1
INTRODUCTION AND THEORETICAL
CONSIDERATIONS
Contemporary rates of world population growth,
especially in the less-developed countries (LDC's)/ cannot
persist for very long without major consequences for the
world's population.

In the long run, any rate of population

increase will exceed the carrying capacity of the earth.
While in the past there has been considerable debate con
cerning the virtues and disadvantages of population growth,
most observers today believe that a reduction in population
growth is advantageous.

Some of these writers believe that

the rate of world population growth will return to the level
of slightly positive growth that existed prior to the Indus
trial Revolution (cf. Freedman and Berelson, 1974).

Others

predict that the world population itself will decline (cfMeadows et al., 1972).
Numerous mechanisms to reduce world population
growth have been proposed.

In the most general sense, there

are three ways the rate of world population growth can be
reduced;

(1) a rise in the death rate, (2) a decline in the

birth rate, and (3) a combination of rising death rates and
declining birth rates.

The vast majority of the proposed

solutions to current population problems have been of the
1

2

second type, a decline in the birth rate.

In recent years

the role of modernization in the decline of birth rates has
been the dominant topic of discussion at international
population conferences (cf. Teitelbaum, 1975).^

Behind much

of this discussion is the modernization theory of fertility,
a variant of the theory of the demographic transition.

2

The

original version of the theory of the demographic transition
described a process of changes in mortality and fertility
levels without considering the effects of modernization on
these changes.

In the past few decades, however, demo

graphic transition theory has been restated to include the
role of modernization in mortality and fertility change.
1. The term "modernization" is used in the present
paper to indicate the process of social change exemplified
by rising levels of factors such as urbanization, health
care, and literacy. Other papers have used the terms
"socioeconomic development" and "economic development" to
denote this process.
2. It has been claimed that the theory of the demo
graphic transition is nothing more than a generalization of
demographic changes in nineteenth century Europe. If one
believes that a theory is a "set of logically interrelated
propositions from which testable empirical statements can be
formally derived" (Beaver, 1975:9), then the demographic
transition is not a theory. However, various sociologists
disagree and conclude that the "theory'! of the demographic
transition yields empirical assertions and causal arguments
(Cowgill, 1963; Kammeyer, 1970). The reader should note
that this study will use the word "theory" in reference to
the demographic transition for lack of a better word to
describe it.
A discussion of the differences between the original
formulation of the theory of the demographic transition and
the modernization variant is in a later section of this
chapter.

3
Consensus has not been reached as to how the
modernization theory of fertility relates to modem popula
tion problems, if at all.

Proponents of the viewpoint that

modernization is a major determinant of fertility decline
are espousing the belief that the modernization theoary of
fertility is relevant today.

Their argument is based on the

temporal coincidence of modernization and fertility decline
in nineteenth century Europe.

Critics of this viewpoint

state that the demographic and economic context in which
European modernization took place is radically different
from the position of modern LDC's.

In this view, current

modernization and fertility decline will be of a funda
mentally different character than was the case in nineteenth
century Europe.

Of considerable importance, then, is

whether the differences between modern LDC's and the situa
tion in nineteenth century Europe, when many modern moredeveloped countries (MDC's) were at the early stages of
modernization, will affect the applicability of the moderni
zation theory of fertility to modern population dynamics.
A principal concern of the present study is to do just that:
to assess the relevance of the modernization theory of
fertility to modern population patterns.
A major consideration in assessing the relevance of
the modernization theory of fertility is to examine the
prospects for modernization in the LDC's.

One possible

determinant of modernization, the availability of natural

4

resources, has received attention in the past few years.
Many scholars have expressed concern about the increasing
scarcity of natural resources in the light of rapid popula
tion growth.

Echols (1976:168) states:

The depletion of natural resources, the increasing
competition for capital, the lack of skilled labor in
the LDC's, and the crushing burden of doubling
population every 20 to 25 years will cause strains
with which many LDC's will be unable to cope. I am
afraid that it is unlikely that development and
modernization can occur in time to offset mass
starvation and political upheaval and destruction
in many of these countries.
If the prospects for modernization are hindered by a
scarcity of available natural resources, then, the prospects
for fertility decline due to modernization may also be
hindered.

Thus, an examination of the role of natural re

source availability in modernization, and subsequent fer
tility, is an important consideration in the relevance of
the modernization theory of fertility to prospects for
fertility decline in the LDC's.
Specifically, the present.study is concerned with
the modernization theory of the determinants of fertility.
Unlike other recent attempts to reinterpret this theory
(Coale, 1973; Beaver, 1975), this study considers the role of
natural resource availability as a contingency of moderniza
tion and, subsequently, of fertility.

Twenty years ago,

Ackerman (1959:636) suggested that natural resources were
related to fertility.

5

Where available resources and their productivity per
capita differ, one may expect covariance to be shown
between resources and health features, age classes,
mortality and birth rates, rates of natural increase,
migration, and employment, separately or severally.
. . . There appears to be little doubt that per
capita productivity of resources is a component in
the variation of each of these attributes among
different social groups in the world. However, covariance is most directly shown when the functioning
economy of the group is examined as a whole, including
the component of natural resource availability and
productivity.
Utilizing measures of natural resource availability and
natural resource productivity per capita, the present study
will examine (1) the relation between these natural resource
measures and modernization, and (2) the effect of these
natural resource measures and modernization on fertility.
After a brief description of world population
dynamics, the remaining sections of this chapter will (1)
discuss the original theory of the demographic transition
and its variants, (2) present a revised model of fertility
which includes the roles of natural resource availability
and natural resource productivity, and (3) discuss the
theoretical and empirical literature that relates to the
revised fertility model.

The second chapter of this study

focuses on methodological considerations such as the measure
ment of the variables, data sources, and the methods of
analysis.

The data analysis is presented in the third and

fourth chapters.
chapter.

The findings are discussed in the final

6

World Population Growth;
Past and Present
Since. World War II, much of the world has expe
rienced rapid population growth.

This situation is unique

in human history, where the long run growth rate for most of
the past has been well below 1.0 per 1000 population per
year, a slightly positive growth rate. 3 It is evident that
the world's population was relatively stable until approxi
mately 200 years ago.

Since that time, the annual rate of

population growth has been greater than 1.0 per 1000 popula
tion.

In the last few years, the annual rate of population

growth has reached a height of 15.0 to 20.0 per 1000 popu
lation.

Coale (1974:43) reports that the median United

Nations projection for the 25 years from 1975 to 2000 is an
annual growth rate of 19.0 per 1000 population.
The annual rate of population growth for the world
is not homogeneous.

There are great differences in the

growth rates of the LDC's and the MDC's.

The growth rates

for the LDC's are much greater than the growth rates in the
MDC's.

The reverse of this was true in the nineteenth

century where Europe and North America had rapid rates of
population growth and most of Africa, Asia, and Latin
America were growing slowly.

Figure 1 shows that since 1960

the difference between the growth rates in the LDC's and the
3. Wrigley (1969:Chapter 3) notes that both fer
tility and mortality rates were very unstable at this time,
but that the long-run rates of population growth were below
1.0 per 1000 population per year.

15

MDC's
10

5
1950

1970

1960

1974

Year
Figure 1.

Annual Rate of World Population Growth for LDC's
and MDC!s, 1950-1974 — Source; Coale (1974, p.
47).

growth rates in the MDC's are increasing over time.

Keyfitz

(1976:29) estimates that the MDC's, for example, accounted
for only 13 per cent of the increase in the world's popula
tion in 19 75.

In comparison, the MDC's accounted for 23 per

cent of the increase in the world's population in 1950
(United Nations, 1973a:4).
An examination of crude birth and death rates for
the major regions of the world shows that both birth and
death rates are higher for the less-developed regions of the
world than for the more-developed regions (see Table 1).
However, the differences in death rates are relatively small.
For example, the crude death rate for Latin American is the
same as for Europe.4 The difference between the region with
the highest death rate, Africa, and the region with the
lowest death rate, the USSR, is only 12 deaths per 1000
population.

Greater differences are present when birth

rates are compared.

No less-developed region has a crude

birth rate less than 36 per 1000 population.

No more-

developed region has a crude birth rate greater than 18 per
1000 population.

Thus, it is clear that the majority of the

difference in the growth rates between the LDC's and the
MDC's are differences in birth rates.
4. The crude death rate may not give a completely
accurate picture of regional differences in mortality. For
example, the mean expectation of life at birth between 19 65
and 1970 was 60 years in Latin America and 71 years in
Europe (United Nations, 1973a:110).

9

Table 1.

Area

Total Population, Crude Birth Rate, Crude Death
Rate, and Annual Rate of Population Growth for
Major Areas of the World

Total
Population
in 1976
(in millions)

Mean Crude
Birth Rate
1965-1976

Mean Crude
Death Rate
1965-1976

Mean Annual
Rate of
Population
Growth
1970-1976
(in %)

World

4044

32

13

1.9

Africa

412

46

20

2.7

2304

36

14

2.2

North
America

239

17

9

0.9

Latin
America

333

38

10

2.8

Europe

476

16

10

0.6

USSR

258

18

8

1.0

Asia

Source: United Nations (1976).
Note; The sum of the total population for the areas
of the world may not equal the total world population of
4044 million due to the absence of some nations from the
general categories used in this table.
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The Theory of the Demographic Transition
The model of fertility determination used in the
present study is a revised version of the theory of the
demographic transition.

Prior to the specification of the

revised model, a discussion of the theory of the demographic
transition and the literature concerning this theory will be
presented.
The theory of the demographic transition, as
originally formulated, describes a process of changes in
mortality and fertility rates experienced by many European
countries during the nineteenth century (Thompson, 1929;
Notestein, 1945; Blacker, 1947).

Stolnitz (1964:30) sum

marizes the main outline of these changes.

All nations in the Modern Era which have moved from
a traditional, agrarian-based economic system to a
largely industrial, urbanized base have also moved
from a condition of high mortality and fertility to
low mortality and fertility. In so doing they have
almost all experienced enormous increases in popula
tion along with massive shifts in their relative
numbers of children, adults, and aged.
Recently, the theory of the demographic transition
has been restated to include the role of modernization in
mortality and fertility changes (cf. Beaver, 19 75).

It is

this restated theory which is of interest to the present
study.

Subsequently, discussion of demographic transition

theory will only be concerned with the restated, moderniza
tion version of the theory.

11

In broad outline, the modernization version of the
theory of the demographic transition states that countries
go through three sequential stages of modernization and
demographic change.

During the first stage of this sequence,

a population has not started the process of modernization
and has high, fluctuating mortality rates accompanied by
high, fluctuating fertility rates (see Figure 2).

This

stage is characteristic of most of human history.

High

mortality is inevitable since efficient methods of sanita
tion, agriculture, and medicine are not present.

In the

long run, a level of fertility which matches the high rate
of mortality is required for the population to avoid
extinction.
Teitelbaum (1975:420) points out that eventually
methods of reducing the level of mortality are found and
adopted by the population.

This leads to the second stage

of the demographic transition, where mortality is declining
and fertility remains high.

The process of modernization

has begun and is a major determinant of the decline in mor
tality.

During the second stage, the population grows at a

rapid pace due to the imbalance of birth and death rates.
In the third stage of the demographic transition,
individuals within the population begin to consciously
control their fertility.

The instability between birth and

death rates experienced in the second stage is replaced by
another period of equilibrium between fertility and

irth. Rate
Death
Rate

Time
Figure 2.

>

Hypothetical Model of the Three Stages of the Demographic Transition
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mortality.

Modernization, again, plays an important role by

changing various facets of society which influence a
couple's•desires for children.
Transition theory has been elaborated and has re
ceived a much broader interpretation in recent decades.
Recent theories of fertility claim that the modernization
version of demographic transition theory will apply to
modern LDC's, countries which are presently in the early
stages of modernization (Kirk, 1971; Beaver, 1975; Oechsli
and Kirk, 1975; Caldwell, 1978).

Coale (1973), however,

cautions readers to not conclude that modernization will
automatically reduce and eventually eliminate population
problems.

He stresses three preconditions for a decline in

fertility which may not be present in modern LDC's:

(1)

potential parents must consider it an acceptable mode of
thought to balance advantages and disadvantages before de
ciding to have another child; (2) perceived social and
economic circiamstances must make reduced fertility advan
tageous to couples; and (3) effective techniques of
fertility control must be available (Coale, 1973:65).
The literature on the theory of the demographic
transition is vast and has generated several theoretical
issues that are important considerations for any examination
of the demographic transition.
be discussed below.

Three of these issues will

They are (1) the relevance of the

theory of the demographic transition for present-day LDC's,

14

(2) the issues involved with the observed differences in the
modernization-fertility relation for different groups of
countries, and (3) the role of mortality in the theory of
the demographic transition.
Present-Day LDC's and
Transition Theory

The socioeconomic situation in modern LDC's is
fundamentally different from the situation of modern MDC's
at an early stage of their development (Teitelbaum, 1975).
Thus, to the extent that modernization is the key causal
variable in the demographic transition, the hypothesis that
the LDC's are in the midst of a transition from high birth
and death rates to lower birth and death rates merits care
ful empirical examination.
Suggestions that transition theory does not apply to
modern LDC's are common.

Much of this discussion has

focused on mortality decline.

It has been often observed

that death rates in the LDC's have rapidly declined in the
past few decades while death rates for the MDC's, when they
were at the early stages of modernization, declined much
more slowly (cf. Davis, 1967; Arriaga, 1970).

Preston

(1975), however, has noted that this difference in the pace
of mortality decline requires an important qualification.
He states that one must consider the fact that large de
clines in mortality have been experienced by both the LDC's
and the MDC's since the 1930's.

15

France gained 13.7 years of life expectancy between
1928-38 and 1965, while Indonesia gained 13.3
between 1930-35 and 1961. Austria gained 13.7
years between 1930-33 and 1966; the Philippines,
according to official figures subject to consider
able error, gained 10.8 between 1938 and 1960,
representing about the same annual rate. Spain, an
intermediate case, showed a higher rate of improve
ment than any of these countries, with a gain of
21.6 years between 1930-31 and 1967 (Preston, 1975:
243).
In addition, Arriaga (1970) has stated that mor
tality decline is independent of social and economic change
Davis (1967) and Petersen (1969) also

in modern LDC's.

advance this position.

On the other hand, Demeny (1974)

sees that the relation between social and economic change
and mortality decline has not been modified.

He states

that "both the willingness and the ability to apply the
technology that will raise life expectancy still tend to
reflect achieved levels of development" (Demeny, 1974:154).
Preston (1976) agrees, showing a strong relation between
income and life expectancy for numerous countries throughout
their development.

Nevertheless, mortality control, which

took 100 years to achieve in nineteenth century Europe,
occurred in 15 to 20 years in many modern LDC's
(Goldscheider, 1971).
In addition to the differences in mortality decline,
there are other important differences in the economic and
demographic situations of modern LDC's and nineteenth
century Europe.

Teitelbaum (1975) has listed several of

these differences that may hinder modern demographic
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transitions.

They include (1) a higher level of fertility

in modern LDC's than was true in pretransition Europe, (2)
fewer lopportunities for female labor force participation in
modern LDC's than in nineteenth century Europe, and (3)
numerous difficulties in providing universal education in
modern LDC's that were not present in pretransition Europe.
"There exists also a certain, though less than unanimous,
conviction that in sixm these differences make the outlook
for development in the economically less advanced countries
comparatively less promising" (United Nations, 1973a:552).
Teitelbaum (1975), however, has also noted various conditions
that are favorable to modern demographic transitions.

These

include the availability of effective contraceptives, a
rapid rate of modernization, and the availability of inter
national assistanceTransition Theory in MDC's and LDC's
Past research has generally found a negative rela
tionship between modernization and fertility.

However, past

studies have also shown that the relationship between
modernization and fertility varies according to what sample
of countries was studied (Janowitz, 1971, 1973; Simon, 1974;
Beaver, 1975).

Cross-sectional studies have found high

negative correlations between modernization and fertility
when all countries with available data are included
(Weintraiob, 1962; United Nations, 1963; Heer, 1966).

However, when subsets of these coiantries are examined
cross-sectionally (i.e., only LDC's) small or insignificant
correlations are found (United Nations, 1963; Friedlander and
Silver, 1967; Beaver, 1975).

Of additional importance is

the observation that the direction of the modernizationfertility relation is not consistent when the subsets of
coimtries are studied.

Janowitz (1973), for example, found

inconsistent results for the modernization-fertility rela
tion after her cross-sectional sample of countries was
divided into four groups based on region and level of
modernization.

On the other hand, Outright, Hout, and

Johnson (1976) and Hout (in press), using longitudinal data,
found consistent negative effects of modernization on
fertility rates in twentieth century Latin America.
This wide disparity in the modernization-fertility
relation could be considered a fatal shortcoming of transi
tion theory.

However, one research strategy has attempted

to remedy this problem by partitioning the LDC's into
"cultural regions" and has found strong modernizationfertility relationships in the expected directions (Kirk,
1971).

These cultural areas are relatively homogeneous.

Mortality and the Demographic
Transition
The present study is concerned with fertility, but
a brief description of the role of mortality in the demo
graphic transition is useful.

The demographic transition
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is concerned with both fertility and mortality changes.
Yet/ most studies of the demographic transition are not con
cerned with the determinants of mortality change.
the focus of these studies is fertility decline.

Instead,
One

notable exception is a recent paper by Cutright and Kelly
(19 78), who examine the determinants of both fertility and
mortality.
An emphasis on fertility can lead to problems when
one considers the effect of mortality on fertility.

A

fundamental question is whether the effect of mortality on
fertility is independent of the effect of modernization on
fertility.

Recent studies (Beaver, 1975; Cutright and Kelly,

1978) have presented convincing evidence in favor of the
separation of mortality effects from the effects of
modernization.
One important reason for the separation of mortality
and modernization effects is because mortality has two dif-:ferent effects on fertility.

The immediate effect of mor

tality decline is a rise in fertility, while the long-run
effect is a decline in fertility.

A decline in mortality is

initially accompanied by factors such as a lengthening of
the potential childbearing period for females and an in
crease in the chances of pregnancy due to improvements in
health (cf. Davis and Blake, 1956; Petersen, 1975).

In the

long run, mortality decline affects fertility in the opposite
manner.

Beaver (.1975) mentions one important contribution
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to a reduction in fertility, the lessening importance of
"insurance births."

It is usually believed that in a

society with high mortality, especially high infant and
childhood mortality, a surplus of births is needed to
achieve a desired family size.

Thus, when mortality de

clines, the surplus of births is no longer needed and the
birth rate declines.

This viewpoint has also received some

support from the writing of Simon (1974) and Birdsall (1977).
Preston (1978:15), however, disagrees saying that,
. . . the picture is not attractive for those who
look to mortality reduction as a means of reducing
fertility through familial effects, let alone for
those who advocate such measures as a means to
reduce growth rates. Nor does it lend much support
to models of fertility decision making that view
couples as proceeding deliberately and with minimal
encumbrances toward some target number of surviving
children.
Literature on the Demographic
Transition: Modernization
The empirical work on the determinants of national
fertility rates have repeatedly identified modernization as
a key determinant of fertility.

As noted before, moderniza

tion consists of a wide variety of social and economic
changes in a society.

Five of these changes will be dis

cussed in this section of the paper.

They are education,

income, urbanization, health, and consumption patterns.

The

majority of the discussion will focus on the effect of each
of these factors on fertility.
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Education
The increase in educational levels associated with

modernization is hypothesized to reduce fertility. Educa5 First, the
tion affects fertxlity in numerous ways.
educational process has an effect on tastes and attitudes.
Education diffuses knowledge about new ideas and goods.

Thus, the traditional value of children must compete with
other activities.

A second effect of education on fertility

relates to women more than men.

The education of women has

an important effect on fertility by changing the attitudes
of women from their traditional roles of "home producer" to
the role of "market producer" (Caldwell, 1978).
Education variables consistently have a negative
effect on fertility (Adelman, 1963; Friedlander and Silver,
1957; Janowitz, 1971; Simon, 1974).

This negative associa

tion holds when other relevant variables are held constant.
Numerous studies have concluded that the relationship between
education and fertility is stronger than the relationship of
any other variable and fertility (Adelman, 1963; Russett et
al., 1964; Friedlander and Silver, 1967; Simon, 1974).

5. Graff (1979) has recently summarized and
critically assessed the literature on the effect of educa
tion on fertility.
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Income
Unlike education, the effect of income on fertility
is unclear.

It is clear, though, that income does not have

a simple effect on fertility levels.

It has been shown that

the short-run effect of income on fertility is different
than the long-run effect (Simon, 1974:7);
The influences on family fertility decisions that
originally stem from changes in national income may
conveniently be classified into two groups. One
group consists of the forces that immediately flow
from changes in the family's current income oppor
tunities. These forces directly affect the family's
time and money resources - . . . The other group of forces
triggered off by a change in national income are
those that affect the structural aspects of people's
life situations. Important examples include in
creases in education, population shifts from
coiantry to city, and improved health. Partly be
cause these effects are structural, they take a
relatively long time to operate.
Simon concludes that the short-run influences on fertility
have a positive relationship with fertility.

He also con

cludes that the long-run effects on fertility are negatively
related to fertility because of the confounding effects of
education and urbanization on fertility (Simon, 1974;
Williams, 1976).
The empirical evidence, all of which is crosssectional, about the income effects on fertility supports
the discussion above.

Income has a positive effect on

fertility when other independent variables (for example,
education, health, and urbanization) are partialed out
(Weintraub, 1962; Adelman, 1963; Heer, 1966).

If the sample
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of countries is limited to LDC's, the observed relationship
between income and fertility is either negative or insig
nificantly small (United Nations, 1963; Friedlander and
Silver, 1967; Simon, 1974).

The evidence shows that the

MDC's, those countries which are in the later stages of
modernization, are experiencing a positive income-fertility
relationships.

In the LDC's, the long-run effect of income

dominates and the income-fertility relation is negative.
However, the high intercorrelations between income and other
measures of modernization make it virtually impossible to
determine the net effect of income on fertility (Simon,

1974).
Urbanization
Urbanization is, in its most limited sense, the
migration of individuals from the countryside to the city.
Associated with a move from the rural sector to an urban
sector are various factors which affect fertility.

These

include the cost of children, the labor force participation
of women, and the availability of education.
Also associated with a move from the countryside to
the city is a change in the value of children as cheap labor
for the family.

The productivity of a farm, for example,

can be greatly increased by a large family.

However, a

large number of children may not be an advantage for the
urban family.
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Empirical studies of the effect of urbanization on
fertility have consistently found a negative relationship
between these variables (Kasarda, 1971; Ekanem, 1972).
Simon (1974:112), in a review of the evidence concerning the
urbanization-fertility relation, shows that the number of
children aged 5-9 per 1000 women is lower in urban areas
than in rural areas for each country in Asia and Latin
America with available data.
Health
Rising health standards are commonly associated with
a decline in fertility.

It is hypothesized that in the long

run a lowering of infant and childhood mortality is followed
by fewer births.

As discussed above, the short-run effect

of rising health standards is a rise in fertility, while the
long-run effect is a decline in fertility-

In the long run,

a major contribution to fertility decline is provided by
increased contraceptive technology.
The vast majority of studies use the infant mor
tality rate or a measure of childhood mortality as an indi
cation of health standards.

The results have been consis

tent, showing a positive relationship between these measures
of mortality and fertility rates (Weintraub, 1962; Heer,
1966; Janowitz, 1971; Gregory, Campbell, and Cheng, 1972).
Another indicator of health standards used in recent studies
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is the nvunber of doctors per capita (cf. Cutright and Kelly,
1978).

The results have also been in the expected direction.

Consiomption Patterns

During the process of modernization and associated
with factors such as rising educational levels and urbaniza
tion are changes in consumption patterns.

As individuals

become aware of and have contact with goods and services
such as telephones and radios, they may decide to use some
of the family income for these goods and services.

Easterlin

(1969, 1976) has proposed an hypothesis that relates these
changes in consumption patterns to fertility behavior.

It

is suggested that couples with incomes that are not suffi
cient to satisfy their desires for goods and services can
satisfy a larger proportion of their desires by limiting
their family size.

Thus, income which would have to go to

the needs of a child can now be used for other goods and
services desired by the couple.
Various measures of consumption have consistently
been found to be negatively related to fertility.

The most

commonly used measures of consumption in the literature are
telephones per capita and radios per capita (United Nations,
1965; Kirk, 1971; Beaver, 1975; Oechsli and Kirk, 1975).
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Literature on the Demographic Transition:
Other Variables
As discussed above, modernization is usually be
lieved to be the strongest determinant of fertility.

How

ever, it has also been shown that other variables have sig
nificant effects on fertility.
be discussed below:

Two of these variables will

family planning programs and religious

composition.

Family Planning Programs
Family planning programs are often thought to be of
crucial importance in fertility reduction.

Coale (1973)

states that the availability of effective means of family
planning is one of three preconditions for a decline in fer
However, it has been stated that family planning

tility.

programs are not essential for fertility reduction.

Beaver

(1975) shows that a decline in fertility began in Europe
long before family planning techniques were widely known.
Beaver also states that Latin American fertility should be
much lower if family planning programs were a major cause of
fertility decline.
The empirical literature on the effect of family
planning programs on fertility is mclear.

Freedman and

Berelson (1976:19), in a summary article of this relation,
conclude:
If the fertility effect of family planning programs
were always of overwhelming magnitude it would shine
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through; if it were always zero the question would
not survive. In the middle cases, while problems
of data and measurement remain, we find plausible
evidence that family planning programs make a
difference that•matters.
Cutright and Kelly (19 78) have studied this relation crossnationally. Using the legal status of abortion in the late
1950's and the rate of legal abortion in the early 1970's
as indicators of family planning, they foiand a significant
negative relationship between family planning and fertility,
net of other variables such as modernization.

Other recent

studies have also found a significant effect of family
planning programs on fertility (Mauldin and Berelson, 1978;
Tsui and Bogue, 1978).
Religious Composition
In many societies, fertility differences based on
religion have been observed.

It has been noted that

countries with a large percentage of the population with
Islamic religious beliefs tend to have higher national fer
tility levels than would otherwise be expected.

Kirk (1966)

mentions three characteristics of the Islamic faith that are
expected to promote high parity.

They are marriage insti

tutions that favor early marriage and discourage divorce, an
emphasis on sexuality as a God-given obligation and virtue,
and the subordination of women in almost all aspects of the
culture.

The empirical literature has generally supported
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the belief that there is a significant relationship between
Islamic beliefs and fertility (Kirk, 1966; Cutright and
Kelly, 1978).
Another religious belief system, Roman Catholicism,
has also been identified as pro-natalist (Kiser, Grabill,
and Campbell, 1968; Ryder and Westoff, 1971).

However,

empirical studies have generally not found a significant
relationship between Roman Catholic beliefs and fertility
cross-nationally (Russett et al., 1964; Gregory et al.,
1972).

Cutright et al. (1976), for example, have shown for

Latin American countries that there is a positive effect of
Roman Catholic beliefs on marital fertility, a negative
effect on illegitimacy, and no effect on general fertility.
A Revised Model of Fertility
Many early studies of the determinants of fertility
cross-nationally dealt only with the relation between
various measures of modernization and fertility behavior
(cf. Weintraub, 1962; Adelman, 1963; Heer, 1966).

Other

studies have added other variables to their models of fer
tility (cf. Russett et al., 1964; Gregory et al., 1972;
Cutright and Kelly, 1978).

Two commonly added variables are

a measure of the dominant religious belief system and a
measure of the availability of birth limitation methods.
From the standpoint of predictive power, the addition of
these variables was significant.

In the present study, a
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revised model of fertility incorporates modernization,
dominant religious belief system, a birth limitation vari
able, and adds measures of natural resource availability
(see Figure 3).
The Fundamental Assumption
Beaver (19 75) has stated that the theory of the
demographic transition includes a "fundamental assumption."
This assumption is that values concerning childbearing and
parenthood encourage fertility much more in societies with
low levels of modernization than in societies with high
levels of modernization.

Restated, it is assumed that as a

society modernizes, values and behavior change.

The manner

in which this process works has been discussed above.

In

sum, changes in a society such as rising levels of educa
tion, income, urbanization, health, and consumption con
tribute to a desire for fewer children.
A decline in desired family size does not necessarily
mean that fewer children will be born.

Changes in values

must be accompanied by the ability to control the reproduc
tive process.

This control is accomplished by the so-called

"intermediate variables" proposed by Davis and Blake (1956).
These intermediate variables provide a useful typology of
means of controlling fertility through self-conscious and
involuntary mechanisms.
control are discussed:

Three general forms of fertility
(1) factors which affect exposure to

(+)

Natural Resource
(+)
Availability—

Modernization- (-)

Desired
Family — (-)
Size

Practice
of Birth- (-)
Limitation

Fertility

(+)

Romasn Catholic
Religious
Beliefs

Figure 3,

Islamic
Religious
Beliefs

Revised Model of Fertility

Availability
of Methods
of Birth
Limitation
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intercourse, (2) factors which affect exposure to conception,
and (3) factors which affect gestation and successful birth.
An examination of Figure 3 shows that the assumptions
discussed in the last two paragraphs are included in the
model.

Modernization is assumed to have a negative effect

on desired family size.

Desired family size is assumed to

have a negative effect on birth limitation practices.

As

discussed by Coale (1973) people must desire fewer children
prior to the expression of this desire by controlling fer
tility.

Finally, the practice of birth limitation is

assumed to have a negative effect on fertility.

It is clear

that many societies with low fertility use fertility control
methods such as contraception, abortion, and delayed age at
marriage.
In summary, three assumptions are included in the
model.

None of these assumptions will be tested in the

present study.

Measures of desired family size and the

practice of birth limitation are not available crossnationally.
Assumption #1.

Modernization has a negative effect on

desired family size, net of the other variables in
the model (see Figure 3).
Assumption #2.

Desired family size has a negative

effect on the practice of birth limitation, net of
the other variables in the model.
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Assumption #3.

The practice of birth limitation has a

negative effect on fertility, net of the other
variables in the model.
Specific Hypotheses from
the Revised Model
Given the three assiamptions mentioned above, various

hypotheses from the revised model can be presented and
tested.

In its most simple form, the modernization version

of the theory of the demographic transition is concerned
with the relation between modernization and fertility.

The

model predicts that changes in a society associated with
modernization will affect fertility behavior.

These changes

include rising levels of education, income, and health care.
Hypothesis #1.

Modernization has a negative effect on

fertility, net of the other variables in the model.
Two other elements of past studies of the demographic
transition are included in the model.

They are the effect

of religious belief systems on desired family size and the
effect of the availability of methods of birth limitation on
the practice of birth limitation.

It is often believed that

certain belief systems, such as the Islamic and Roman
Catholic belief systems are pro-natalist.

It is also noted

that couples who desire a small family size must have access
to methods of birth limitation to achieve their desired
family size.
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Hypothesis #2.

Islamic beliefs have a positive effect

on fertility, net of the other variables in the
model.
Hypothesis #3.

Roman Catholic beliefs have a positive

effect on fertility, net of the other variables in
the model.
Hypothesis #4.

The availability of methods of birth

limitation has a negative effect on fertility, net
of the other variables in the model.
Natural resource availability can have an effect on
fertility in two distinct ways.

First, it may have an in

direct effect through modernization.

Second, it may have a

direct effect, net of other variables such as modernization
and birth limitation practices.

The theoretical basis for

the indirect effect of natural resource availability on fer
tility will be discussed in the next two sections of the
chapter.

The relation between resource availability and

modernization will be discussed first, followed by a short
discussion of the modernization-fertility relation.

The

direct effect of natural resource availability on fertility
will be discussed in the final section of the chapter.
Natural Resources and Modernization
Contemporary views on the relation between natural
resource availability and modernization can be divided into
three schools of thought: (1) those who believe there is a
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positive relation between natural resource availability and
modernization, (2) those who believe there is a negative
relation, and (3) those who believe there is no relationship
between these variables.

The majority of writers believe

that there is a positive relation between these variables
and that natural resource availability sets limits to
modernization and is a necessary factor for modernization
(see, for example, Fisher, 1954; Ginsburg, 1957; Pepelasis,
Mears, and Adelman, 1961; White, 1962; Adelman and Morris,
1973; United Nations, 1973a).

Yet, it is also noted that

natural resource availability alone is not sufficient for
modernization.
Without a minimum of resources there is not much
hope for economic development. The physical en
vironment places general limits on the possibilities
of human life and human achievement. Yet the
quantity and quality of natural resources at a
society's disposal are both the cause and conse
quence of development. Resource availability is
not a sufficient condition for economic change,
and resource scantiness is not inevitably fatal to
economic progress (Pepelasis et al., 1961:18).
Indicators of the abundance and diversity of natural
resources and the productivity of natural resources per
capita have been proposed by supporters of the positive
relation of natural resource availability and modernization
to empirically assess this belief.

The abundance and diver

sity of natural resources available to a country, when large,
are of benefit to modernization and, when small, a hindrance
to modernization (Ginsburg, 1957; Alexander, 1962; Baldwin,
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1966; Higgins, 1968).

Those countries with a large quantity

and variety of natural resources benefit (1) by having many
of the necessary materials for modernization readily avail
able and inexpensive, and (2) by being able to export those
natural resources that are not needed and thus provide
capital necessary for further modernization.

Countries with

a small quantity and/or variety of natural resources must
rely on external sources for those natural resources needed.
Importation demands accumulation of capital with which to
obtain materials.
The production of primary materials per worker is
another indication of natural resource availability suggested
in the literature (Fisher and Potter, 1969).

This variable

is concerned with the technological aspect of natural re
source availability.

The availability of natural resources

is related to the efficiency of resource use.

Efficient

resource use will allow a country's available natural re
sources to last longer.

Thus, the actual availability of

natural resources for a country must taken into account not
only the abundance and diversity of resources, but also the
efficiency of resource use.
Not all writers believe that there is a positive
relationship between natural resource availability and
modernization.

Wilkinson (1973) argues that modernization

is forced upon societies by a scarcity of natural resources.
Instead of resources being a benefit to modernization.
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Wilkinson believes that modernization is a response to a
dwindling supply of resources brought on by the growth of
material needs beyond the maximum which can be satisfied by
existing supplies of resources.

"Development is needed when

a society outgrows its resource base. . . . Development
comes out of poverty, not out of plenty as many economic
theories lead one to suppose" (Wilkinson, 1973:5).
Several writers prior to Wilkinson have also es
poused the belief that there is a negative relationship
between natural resource availability and modernization.
Boserup (1965) and Clark (1967) have suggested that a major
element of agricultural development was a trend toward using
the land more intensively.

Accompanying this trend was a

general trend toward less agricultural productivity per
worker.

Cottrell (19 55) has also suggested that a scarcity

of resources, in this case energy resources, has forced a
society to shift to urban-industrial forms.
The third school of thought concerning the relation
between natural resource availability and modernization be
lieves that resource availability is of no importance for
modernization (Harrod, 1952; Kuznets, 1955, 1967).

These

writers stress the point that growth can be attained despite
a lack of natural resources (as in Japan and Switzerland)
and that many countries with an abundance of natural re
sources are underdeveloped (as in Nigeria and Zaire).
factors that induce formation of reproducible capital

"The
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adequate as a basis for economic growth are unlikely to be
inhibited by an absolute lack of natural resources" (Kuznets,
1955:31).
Resources and Fertility:

An Indirect Effect
Support for an indirect effect of natural resource
availability on fertility is contingent on the hypothesis
that natural resource availability has an effect on moderni
zation.

Theoretically, it seems important to discuss the

mechanism where natural resource availability affects
modernization, which in turn affects fertility.

Moderniza

tion is influenced by the availability of natural resources.
Natural resources are needed for the production of many
basic materials needed to increase levels of education and
health care.

The availability of items such as books,

surgical instruments, and communication devices are dependent
on the natural resources from which they are manufactured.
Hypothesis #5.

Natural resource availability has a

positive effect on modernization.
An indirect, negative effect of natural resource availability
on fertility, via modernization, can be deduced from
hypotheses #1 and #5.
Resources and Fertility:
A Direct Effect
Prior to the present study, no paper has examined
the direct effect of natural resources on fertility.

Yet,
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the "Easterlin hypothesis," originally developed to explain
American fertility patterns, can be applied to the direct
effect of natural resources on fertility.
A basic tenet of Easterlin's theory of fertility is
that tastes, prices, income, and contraceptive behavior
determine fertility behavior.

Easterlin (1973:181) has

summarized the hypothesis:
The basic idea is that if young men—the potential
breadwinners of households—find it easy to make
enough money to establish homes in the style de
sired by them and their actual or prospective brides,
then marriage and childbearing will be encouraged.

On the other hand, if it is hard to earn enough to
support the desired style of life, then the re
sulting economic stress will lead to deferment of
marriage and, for those already married, to the use
of contraceptive techniques to avoid childbearing,
and perhaps also to the entry of wives into the
labor market.
The Easterlin hypothesis, then, states that decisions con
cerning family size are based on a comparison by couples of
their actual economic status with the economic status of
their parents.

Easterlin (1973) has termed this comparison

the "relative economic status" of young adults.
What separates the Easterlin hypothesis from other
economic explanations of fertility is that tastes, or
aspirations for material things, is a major determinant of
fertility behavior.

Young adults who have been raised in a

family where goods and services are abundant are likely to
also have high levels of consumption.

An important implica

tion of the addition of tastes to fertility models is that a
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couple's desire for any good or service, such as children,
must be evaluated in the context of the couple's desires for
other goods and services.

One can then conceive of children

as competing with other goods and services for the income
earned by the couple.
Of the four elements of the Easterlin hypothesis—
income, prices, tastes, and contraceptive behavior—the
prices of goods and services, including the price of childbearing and childrearing, are important considerations for
the hypothesized direct effect of natural resource avail
ability on fertility.

Though there may not be a direct

relationship between natural resources and tastes, it is
clear that natural resource availability affects the price
of those goods and services desired by a couple.

Decreasing

natural resource availability will raise the prices of con
sumer goods and services and subsequently make it difficult
for a couple's income to support their tastes.

When it is

difficult for a couple to achieve their desired tastes for
goods and services, it is likely that the couple will avoid
childbearing.

In summary, an increasing scarcity of natural

resources will raise the prices of goods and services and
subsequently reduce childbearing.
A major consideration in the direct effect of
natural resource availability on desired family size is what
has often been called the "relative cost of a child."

It is

believed that the relative cost of a child is of primary
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importance to the study of fertility behavior.

"All of the

issues regarding the effects of relative market prices on
fertility center around this concept" (Lindert, 1978:83).
The costs of a child for a household include losses in other
goods and services and losses in time due to childrearing
(including the loss of potential earnings from the labor
force participation of the wife).

Lindert (1978:85) sum

marizes the cost of all inputs to the addition of a child as
simply the ratio of two price indices: the price
of all inputs of other family members' home time
and of commodities (purchased goods and services)
into the extra activities that would have been
enjoyed in the absence of the extra child.
In summary, a couple can decide to have a child at the loss
of other goods and services, or avoid childbearing and be
able to purchase other goods and services.
Hypothesis #6.

Natural resource availability has a

positive effect on fertility, net of the other
variables in the model.

CHAPTER 2
METHODOLOGY
Units of Comparison
The present study is concerned with the moderniza
tion theory of fertility at the societal level.

The main

reason for choosing countries as the units of comparison is
that the results obtained in this study will be comparable
to the vast majority of the previous empirical examinations
of the demographic transition.

Few studies (Heer and

Boynton, 1970; Krishnamurty, 1966) have used other units of
comparison.
The population for the analysis consists of all
countries with over two million inhabitants in 1965.
are 116 such countries.

There

Of these countries, only those that

were independent nation-states prior to the beginning of
each period of analysis will' be examined.

Colonial status

involves a dependency relationship which interferes with the
stability of measurements of many of the variables.

Three

countries will be excluded from all analysis because each
became an independent nation-state in 1970 or later.
are Angola, Mozambique, and Papua/New Guinea.

They

Also ex

cluded are those countries which were experiencing civil :
wars during the periods of analysis.
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These countries are

Cambodia, Nigeria, and Viet Nam.

Rhodesia and South Africa

are also excluded from the analysis because much of the data
only apply to the white population in these countries.
Table 2 lists the remaining 109 countries and gives the year
of independence for each country-

Countries which have

missing values on one or more of the variables in any
equation will be excluded from that equation.
The use of all countries with available data, both
LDC's and MDC's, may seem in contradiction to the previous
discussion of the differences between these types of
countries.

The rationale for using all countries in the

analysis is to determine the extent of these differences.
The analysis will not be limited to an examination of all
countries simultaneously, but will also include subsets of
these countries based on region.

It is anticipated that

the relations between the variables will not be the same
for each subset of countries.
Variables and Data Sources
Prior to a discussion of the specific variables and
data sources used in the present study, a brief discussion
of data quality should be presented.

The data used in the

present study are cross-national and have been gathered by
various international organizations such as the United
Nations.

However, the vast majority of the information

gathered by these international organizations is supplied
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Table 2.

List of Countries Included in the Present Study
(with Their Date of Independence) by Region

More-developed
Countries

Latin America

Argentina (1816)
Albania (1912)
Bolivia (1825)
Algeria (1962)
Australia (1901)
Brazil (1822)
Austria (1775)
Chile (1818)
Belgium (1831)
Colombia (1819)
Bulgaria (1908)
Costa Rica (1838)
Cuba (1901)
Canada (1867)
Dominican Rep.
Czechoslovakia
(1844)
(1918)
Denmark (1775)
Ecuador (1830)
Finland (1918)
El Salvador (1838)
Guatemala (1813)
France (1775)
Germany-East (1775) Haiti (1840)
Germany-West (1775) Honduras (1838)
Greece (1830)
Jamaica (1962)
Mexico (1820)
Hungary (1918)
Nicaragua (1838)
Ireland (1921)
Panama (1903)
Italy (1775)
Japan (1775)
Paraguay (1811)
Netherlands (1775)
Peru (1821)
New Zealand (1907)
Uruguay (1828)
Norway (1905)
Venezuela (1830)
Poland (1918)
Portugal (1775)
Romania (1878)
Spain (1775)
Sweden (1775)
Switzerland (1775)
U.S.S.R. (1775)
United Kingdom (1775)
United States (1776)
Yugoslavia (1878)

Africa/Asia
Afghanistan (1775)
Burma (1948)
Burundi (1962)
Cameroon (1960)
Central African
Rep. (1960)
Chad (1960)
China (1775)
Dahomey (1960)
Egypt (1922)
Ethiopia (1775)
Ghana (1957)
Guinea (1958)
India (1947)
Indonesia (1949)
Iran (1775)
Iraq (1932)
Israel (1948)
Ivory Coast (1960)
Jordan (1946)
Kenya (1963)
Korea-South (1945)
Laos (1954)
Lebanon (1943)
Liberia (1847)
Libya (1951)
Malagasy Rep. (1960)
Malawi (1964)
Malayasia (1957)
Mali (1960)
Mauritania (1960)
Mongolia (1921)
Morocco (1956)
Nepal (1775)
Niger (I960)
Pakistan (1947)
Philippines (1946)
Rwanda (1962)
Saudi Arabia (1925)
Senegal (1960)
Sierra Leone (1961)
Singapore (1965)
Somalia Rep. (1960)
Sri Lanka (1947)
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Table 2.—Continued
More-developed
Countries

Latin America

Africa/Asia
Sudan (1956)
Syria (1943)
Taiwan (1949)
Tanzania (1961)
Thailand (1775)
Togo (1960)
Tunisia (1956)
Turkey (1775)
Uganda (1962)
Upper Volta (1960)
Yeman (1918)
Yeman-South (.1967)
Zaire (.1960)
Zambia (1964)

Source; Taylor and Hudson (1972, Table 2.1, pp. 2629).
Note: Those countries that gained independence
prior to 1776 were assigned a year of independence of 1775
in the data source.
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by the individual coixntries.

It is not hard to see that

variations in the quality of the information given to the
international organizations exists.

Hauser (1959:98) states

that the quality of the data may be related to the level of
modernization achieved by the country:

"In fact, the ab

sence both of adequate economic and demographic statistics
may itself be regarded as one of the indicators of economic
underdevelopment."

In conclusion, the reader should be

cautioned to interpret the findings of the present study in
light of the variations of data quality among the countries
in the study.
The Fertility Variable
Demographers have developed more than a dozen dif
ferent fertility measures, each of which has both advantages
and disadvantages when used in description or analysis.

Bogue and Palmore (1964:318) have empirically compared these
fertility measures, concluding that:
The coefficients of correlation between the basic
direct measures of fertility all lie in the range
of + .425 to + .999, and when the age-specific rates
are omitted, in the range of + .980 to + .999.
These correlation coefficients suggest that the
basic measures are good estimators of one another.
Cutright and Kelly (1978) also found a correlation of +.99

between 19 72 general fertility rates and 1972 crude birth
rates for 117 countries.
Recognizing that any of a variety of measures of
fertility are adequate for an examination of cross-national
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fertility, the crude birth rate will be used in the present
study.

This measure of fertility is available for more

countries than other measures of fertility.
Crude birth rates are measured at four time periods:

(1) the median crude birth rate for 1945-1949, (2) the
median for 1955-1959, (3) the median for 1965-1969, and (4)
circa 1977.

Data sources for 1945-1949 rates are Collver

(1965) for Latin American countries and United Nations (1969)
for the remainder.

Data for the 1955-1959 rates are from

Office of Population Research (1966), Rothman (1970), and
United Nations (1965).
United Nations (1973b).

The source of the 1965-1969 data is
The 1977 crude birth rates are from

Population Reference Bureau (1978).

The measures of the

crude birth rate will be labeled 1947, 1957, 1967, and 1977
CBR, respectively.
The Measurement of Modernization
Modernization has been measured in many ways in past
studies.

The common problem of these studies is high inter-

correlations of quite varied modernization indicators.
Oechsli and Kirk (1975:397-398) mention two considerations:
Moreover, the variety of facets of development . . .
suggest that it will be difficult to trace the
directions of causation in this highly intercon
nected web of changing relationships. The various
facets of social and economic change that go to
make up modernization are more than highly corre
lated. They also may be said to have a structure
in the sense that variables tend to change together
in characteristic ways . . . .
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One technique used to minimize these problems is indexing.
Modernization indices have been used in recent studies of
Latin American fertility (Beaver, 1975; Oechsli and Kirk,
1975; Cutright et al., 1976).
Two indices of modernization will be used in the
present study.

The first, called the modernization index,

includes measures of education, urbanization, health care,
and consiomption patterns.

The four variables are a ratio of

primary school attendance to all members of the population
of primary school age, per cent urban, medical doctors per
capita, and telephones per capita.

The second index, called

the socioeconomic index, includes the four variables in the
modernization index and adds a measure of national income.
National income is measured by gross domestic product
(standardized to 1958 United States dollars).
The indices were constructed using the ridits tech
nique (Bross, 1958).

Ridits transform an ordered variable

into a standard distribution based on the mean cumulative
proportion occurring in the ranked categories.
scores range from 0 to 100.

Ridits

This technique avoids a bias in

the two indices in favor of those variables, such as gross
domestic product, with extreme high and low scores.

The

actual score for each country is the sum of the ridits
scores divided by the number of variables in the index.
ridits transformation affects extreme values in much the
same way as a log transformation.

Thus, the two indices

The
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will not be log transformed in the semi-logged models used
in the third chapter.
Two other measures of modernization will be used in
Chapter 3.

They are gross domestic product per capita

(standardized to 1958 United States dollars) and the per
cent of the gross domestic product from non-extractive
activities.

The latter variable is constructed by sub

tracting the sum of the per cent of gross domestic product
from agriculture and the per cent of gross domestic product
from mining from 100 per cent.
Each of the four measures of modernization are
measured at three points in time:

1950, 1960, and 1970.

Gross domestic product, gross domestic product per capita,
telephones per capita, and medical doctors per capita values
were found in

Taylor and Hudson (1972), World Bank (1976),

and United Nations (1957, 1965, 1973b).

The per cent urban

was computed by subtracting per cent "rural" and per cent
"urban" from 100 per cent.

The data source is Davis (1969).

Values for this variable for 1970 were estimated by Davis
(1969).

Primary school attendance ratio values are from

World Bank (1976) and UNESCO (1968, 1975).

Values for the

per cent of gross domestic product from non-extractive
activities are from World Bank (1976) and United Nations
(1960, 1970).
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The Resource Variables
Two aspects of natural resource availability will be
measured in the present study.

They are (1) the abundance

and diversity of available natural resources, and (2) the
technological capacity to use the available natural resources
efficiently.

The variables are an index of resource

abundance and diversity and natural resource production per
worker.
An index of natural resource abundance and diversity
is constructed using production data for five non-fuel
minerals, two fuel minerals, and agriculture.^

This index

actually measures the development of natural resources in a
country more than the presence of natural resources.

The

flow of natural resources is much more important than the
stock of natural resources within a country.

Only those re

sources that have been developed can have an effect on
modernization.

A country receives a score on the index if

it is among the top 20 producers of any of these natural re
sources.

A score of .20 is received for each non-fuel

mineral, .50 for each fuel mineral, and 1.0 for agricultural
production.

Thus, a country that is in the top 20 producers

for all of these natural resources will have a score of 3.0
on the index.

This variable will not be logged in the semi-

logged models because it is a ratio scale.

The data for

• 1. The five non-fuel minerals are aluminum, copper,
iron, lead, and zinc. The fuel minerals are petroleum and
coal,
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this index are reported in United States Bureau of Mines

(1956, 1966) and United Nations (1970).
Natural resource production per worker is measured
by dividing the dollar amount of (1) agricultural production
by the size of the agricultural labor force, and (2) mine
production by the size of the mining labor force.

Agricul

tural production per worker and mine production per worker
were computed from data in World Bank (1976), International
Labor Organization (1970), and United Nations (1955).
The Birth Limitation Variables

It has often been noted that the presence of legal
abortion in a country is related to the level of fertility
in that country (cf. Tietze, 1972; Cutright and Kelly, 1978).
Legal abortion is measured in 1955, 1965, and 1975 in the
present study.

In 19 55, abortion was legal for reasons in

addition to medical considerations in eight countries
(Bulgaria, Czechoslovakia, Hungary, Japan, Poland, Romania,
the U.S.S.R., and Yugoslavia).

In the 1955 variable, these

countries are coded 1 and all others coded 0.

The data

source is Tietze (1969).
The 1965 and 1975 abortion variables are coded 2 for
those countries with legal abortion rates of 30 per 1000
population or greater.

Countries with abortion rates of 10

to 29.9 per 1000 population are coded 1.
are coded 0.

All other countries

The data source for the 1965 abortion variable
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is Tietze and Murstein (1975).

The data source for the 1975

abortion variable is Nortman and Hofstatter (1976).
Religious Composition

The effect of Islamic and Roman Catholic beliefs on
fertility is measured by the percentage of the population of
Islamic faith and the percentage of the population of Roman
Catholic faith.

The data are for circa 1965.

other time periods are not available.

Data for

However, an assump

tion of high stability of these variables over time has
precedent (Cutright and Kelly, 1978).

The data source for

these variables is Taylor and Hudson (1972).
Region
At various times throughout the analysis a region
effect will be considered.
three categories:

The countries are divided into

(1) Latin America, (2) Africa and less-

developed Asia, and (3) the more-developed countries.

The

major consideration for using three general categories for
this variable is the niamber of countries that are excluded
from the analysis in the earlier time periods.

Many

countries are excluded from the early years of the analysis
because they were not independent nation-states or because
they had missing data on one or more of the variables in the
equation.
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Methods of Analysis
A major part of the analysis will consist of
ordinary least-squares regressions of (1) modernization on
various measures of natural resource availability; and (2)
fertility on the natural resource variables, modernization,
birth limitation, and religious composition variables.
Cross-sectional analysis of the natural resourcemodernization relation will be for two points in time, where
the dependent variable is measured in 1960 and 1970.

The

fertility analysis will be for three points in time, where
the dependent variable is measured in 1957, 1967, and 1977.
Change in both the natural resource-modernization and the
determinants of fertility will also be examined.
Regression analysis is the dominant form of analysis
used in past demographic transition studies.

However, a

recent study (Oechsli and Kirk, 1975) has rejected regres
sion analysis.

The authors cite a technical reason and a

substantive reason for this decision.
The technical reason is that with such highly intercorrelated variables the regression coefficients
will be rather unstable and there will be no real
way of assessing the relative importance of the
variables. Technically, there is a problem of
multicollinearity.
A substantive reason for rejecting regression
analysis is in some ways related to the problem of
multicollinearity. In fact, we cannot easily dis
tinguish between cause and effect in the complex
of changes we label "modernization." We can say
that modernization, at some level, is associated
with a given mortality level, and we can say that
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the birth rate tends to stay high until some
critical level of development is reached and then
tends to decline as development proceeds, but we
cannot say that development "causes" declining
birth and death rates; rather certain patterns of
change in these vital rates are parts of the pro
cess of development (Oechsli and Kirk, 1975:403).
The technical consideration discussed by these authors can

be avoided by the use of an index of modernization instead
of treating various indicators of modernization separately.
This technique is used in the present study.

Oechsli and

Kirk (1975:405) respond to their substantive consideration

in a later section of their paper when they find that birth
and death rates do not fit into a system where vital rates
are part of the modernization process:
. . . there is no single-valued correspondence
between birth and death rates and the various
indices of modernization and development. Conse
quently, we revert to the concept of regression to
show the relationships between these and the
development index.

Time lags between the independent and dependent
variables, a common omission of many previous studies, will
be included in the present study.

The theory of the demo

graphic transition does not specify time lags.

However,

modernization-fertility analyses which have incorporated
time lags have measured modernization between seven and ten
years prior to the measurement of fertility (Beaver, 1975;
Cutright et al., 1976).

It is also apparent that natural

resources must be measured in a year prior to the measure
ment of modernization.

No study of the natural
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resource-modernization relation has suggested what the
length of this time lag should be.

However, it should be

noted at this time that it will take at least a few years
for a change in natural resource availability to affect
modernization.

Lagging also reduces the probability that

simultaneous bias due to feedback from the dependent
variable will affect the findings.
The initial design for this study was that of a
cross-national, panel study similar to the design study used
by Cutright et al. (1976).

However, in the course of the

analysis it became obvious that the relationships did not
change much over time.

Tests reported in subsequent chapters

fail to reject the hypothesis that there are no significant
differences in the relationships over time.
of the analysis uses a pooled sample.

Therefore, much

Assumptions and

implications of this design are discussed when the pooling
is introduced in the next chapter.

CHAPTER 3
NATURAL RESOURCE AVAILABILITY AND MODERNIZATION
Prior to an analysis of the determinants of
fertility, an examination of the direct effect of natural
resource availability on modernization (Hypothesis 5) must
take place-

Two elements of this relation will be stressed

in this chapter:

(1) the direction and magnitude of the

relation, and (2) the importance of natural resource
availability at different stages of modernization.
In the present study, measures of (1) the abundance
and diversity of natural resources, and (2) the technological
capacity of natural resource production are related to each
of four measures of modernization.

The four modernization

variables are (1) an index v/hich includes measures of
education, urbanization, health care, and consumption
patterns (the modernization index); (2) an index with all of
the measures in the first index plus a measure of national
income (the socioeconomic index); (3) gross domestic product
per capita; and (4) the per cent of the gross domestic
product from non-extractive activities.
Hypothesis 5 predicts a direct, positive effect of
natural resource availability on modernization.

Most

writers who believe that there is a positive relationship
54
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between natural resource availability and modernization also
believe that natural resources play a less important role as
a country modernizes.

At the early stages of modernization,

natural resources are believed to be very important because
they act as a means for capital accumulation, if abundant,
and as a depressing agent to modernization, if scarce.
Natural resources contribute directly toward meeting
requirements for food, fuel, and crude metals.
As a population grows and markets widen, resources
provide the basic foundation for a more complex economic
organization, which includes larger accumulation of
capital.

Ultimately, as in the MDC's, the economic

structure becomes highly diversified.

Thus, at later

stages of modernization, large supplies of capital,
technology, and skilled labor result in a country having
more options for further growth than does a less-developed
country.
Overview of the Model
A general model of modernization is expressed in
the following equation:
Modernization (t) = a + b^^Resource (t-5) +
b2Agprod (t-5) + b^Miprod (t-5) + e
where:

Modernization = one of four measures discussed
above.
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Resource = an index of natural resource abundance
and diversity.
Agprod = the amount of agricultural production per
agricultural worker.
Miprod = the amount of mine production per mine
worker.
A semi-logged model in which Agprod and Miprod are logged
will also be examined.

The modernization variables are

measured in 1960 and 1970.

The three natural resource

variables are measured five years prior to the measurement
of the modernization variables.

Each of the natural

resource indicators focuses on natural resource availability
from domestic sources.

It is recognized that the total

natural resources available to a country often include
materials from trade with other countries.

However, this

study will only investigate the role of domestic resources
in modernization.
Findings
The results of the regression analysis for the 1960
and 1970 linear and semi-logged models are in Tables 3 and
4.

Metric coefficients are reported-

T-ratios are used

to test the significance of the coefficients.

A value

greater than or equal to 1.96 is significant at the .05
level (two-tailed test).
bottom row of the tables.

The R 2's are reported in the
Table 5 presents the zero-order

Table 3.

Metric Coefficients for Regression of Four Measures of Modernization on
the Three Natural Resource Variables in 1960: Linear and Semi-logged
Models
Modernization
Index^

Resource
Variables^
Resource
Agprod
Miprod

Linear
7.75*
.001*
-.001

N

65

Constant
R2

46.97
.377

Semi-logged

Socioeconomic
Index^

Per capita GDP

Linear Semi-logged Linear

% Non-extractive

Semi-logged

Linear

Semi-logged

6.44*

8.12*

6.68*

170.70*

.28*

5.80*

.07*

10.10*

.01*

10.82*

.34*

.51*

.01*

.13*

.46

.001

.69

.01

.07*

-.001

65
-11.29
.540

65
44.74
.398

65
-18.77
.570

66
93.52
.687

66
1.83
.669

66
62.23

-.02
66
3.48

.300

.391

^Key: Resource = Index of resource abundance and diversity; Agprod = Agricultural
production per worker; Miprod = Mine production per worker.
Key: Modernization Index = Index of modernization with measures of education, health
care, urbanization, and consumption; Socioeconomic Index = Index of modernization with measures
of education, health care, urbanization, consumption, and national income; Per capita GDP =
Gross domestic product per capita (standardized to 1958 U. S. dollars); % Non-extractive =
Per cent of gross domestic product that is not from agriculture or mining.
*T-ratio is significant at the .05 level.

Table 4.

Metric Coefficients for Regression of Four Measures of Modernization on
the Three Natural Resource Variables in 1970: Linear and Semi-logged
Models
Modernization
. Index

Resource
Variables^

Linear

Resource

12.,49*

Agprod
Miprod

7.,42*

12,.61*

7.,48*

359.,00*

.36*

7..90*

.08*

,01*

14.,39*

,01*

14.,58*

,38*

.65*

.01*

,13*

,001

1..07

.001

,01

.07*

-.,001*

Constant

33,.93
.531

92

92

-48..23
,758

34,.19
.548

1.,30**
93

92
-49,.88
,781

^See Table 3 for key.
*T-ratio is significant at the .05 level.
**T-ratio is significant at the .1 level.

Semi-logged

% Non-extractive

Linear

92

R2

Per capita GDP

Linear Semi-logged

N

Semi-logged

Socioeconomic
Index

93

100..66
.702

1.09
.799

Linear Semi-logged

93
61,.99
.438

.01
93
3,.52
.420
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Zero-order Correlations Among Variables Used in
Linear Models with the Modernization Index as the
Dependent Variable for 1970 Analysis (Above
Diagonal) and 1960 Analysis (Below Diagonal):
N = 92 for 1970 Analysis, N = 65 for 1960 Analysis

Variable
Names^

Modernization
Index

Modernization
Index

Resource

.60

Resource

.44

Agprod

.52

Miprod

-.01
^See Table 3 for key.

Agprod

Miprod

.63

.07

.43

.01

.24
1
•
o

Table 5.

,03
.01
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coefficients for the 1960 and 1970 linear models.

The

variables included in Table 5 are the modernization index
and the three natural resource measures.

It should be

noted that the zero-order coefficients between the three
resource variables are small.

This finding seems to

indicate a small problem of multi-collinearity between the
measures of natural resource availability.
The 1960 Findings
The natural resource variables accounted for 30 to
69 per cent of the variance in modernization depending on
the measure of modernization and the functional form of
the model.

Two resource variables, the index of resource

abundance and diversity and agricultural production per
worker had a significant effect on modernization, regardless
of the measure of modernization used in the model or the
functional form of the model.

The other resource variable,

mine production per worker, had a significant effect on
modernization in one model.

All of the resource variables,

when significant, were related to modernization in the
direction predicted by Hypothesis 5, an hypothesized,
positive effect of natural resource availability on
modernization.

The semi-logged model explained more

variance in modernization for each measure of modernization
except gross domestic product per capita.

This finding is

expected since some of the variables were highly skewed.
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The 1970 Findings
The results of the 1970 modernization analysis are
not very similar to the 1960 results.

Mine production per

worker had a significant effect on modernization in two of
the models (see Table 4).

This same variable had a

marginally significant effect on modernization in another
model.

In one case, mine production per worker had a

significant, negative effect on modernization.
finding is contrary to Hypothesis 5.

This

The semi-logged model

explained more variance for each of the modernization
measures except per cent non-extractive.
The 1960 and 1970 findings, for the most part, are
consistent with the hypothesized, positive relation between
natural resource availability and modernization.

A positive

relation between these variables is found, regardless of
which measure of modernization is used in the model or the
functional form of the model.
The remaining analyses in this chapter and all of
the analyses in the next chapter will only use one measure
of modernization.

It is believed that the modernization

index is the most appropriate measure of modernization for
an examination of cross-national fertility, the major focus
of the present study.

A Test for Pooling
An F-test was computed to test the null hypothesis
that there is no significant difference between the values
of the slopes of the 1960 and 1970 models.

F-tests for

linear and semi-logged models are computed separately.

The

F-test follows Blalock (1972:487),

ri
F

(RSSall
- RSSeach
, category
.
)/(#
x \
'(#
/ m categories-1)
• j
^
1
indep.
variables)
, =
cases
separately
]
^^^each category/^"^* categories)(# indep. vars.)-l
separately
(1)

where:

RSS = regression sum of squares,
a = (# categories-1)X(# indep. variables), and
b = N - (# categories)(# indep. variables) - 1.

The values for each part of the F-test equation for the
null hypothesis that there is no significant difference
between the slopes of the 1960 and 1970 linear models are
below.
[43934.5 - (10849.9 + 32989.5)]/(2-1)(3) _
(10849.9 + 32989.5)/156 - (2x3) - 1
df = 3 and 149
An F-value of .108 with 3 and 149 degrees of freedom is not
significant at the .05 level of significance.^
1. The resource variables may be contributing to
the lack of significance of the F-test in different degrees.
By adding, one by one, a variable for the 1970 values of
each resource variable in the pooled models, it can be shown
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The F-test for the 1960 and 1970 semi-logged models
is presented below.
„ _ [66167.8 - (15687.9 + 47480.2)]/(2-1)(3) _ n -.p
(15687.9 + 47480.2)/156 - (2x3) - 1
df = 3 and 149
An F-value of 2.36 with 3 and 14 9 degrees of freedom is not
significant at the .05 level of significance. 2

The remain

ing analysis of the linear and semi-logged models will use
a pooled sample of 1960 and 1970 values.
Pooled analysis runs the risk of overestimating the
effects of the independent variables.

More specifically,

the effective degrees of freedom in the pooled sample is
that the resource variables have different contributions to
a test of change. The t-ratio for each of these added
variables is presented below.

Added Variable
From 1970 Analysis
for Linear Model
T-ratio
Resource
.53
Agprod
1.02
Miprod
.25
Of these added variables, none approached the level of .05
significance, a t-ratio of 1.96. Thus, the slopes of the
1960 and 1970 linear models are not significantly different
for any of the resource variables.
2. The same test, as described in the footnote
above, was computed for the semi-logged model. The t-ratio
for each of the added variables is presented below.
Added Variable From
1970 Analysis for
Semi-logged Model
T-ratio
Resource
.09
Agprod
1.57
Miprod
1.53
Again, none of these variables have a significant effect.

less than the siam of the degrees of freedom for the 1960
and 1970 analysis.

Due to the overestimation of effects,

those F-tests that have significant F-values may not be
accurate.

Thus, a footnote will follow each F-test with

a significant F-value that will state the smallest N needed
for significance.
The Pooled Analysis

The regression analysis for the pooled sample is
presented in Table 6.

The resource variables account for

47 per cent of the variance in the linear model and 70
per cent of the variance in the semi-logged model.

The

resource abundance and diversity index and agricultural
production per worker are significantly related to moderniza
tion in both models.

Mine production per worker is

marginally related to modernization in the semi-logged
model.
Residuals in modernization were calculated using the
linear model in Table 6 to generate expected values of
modernization.

The extreme residuals (those greater than

two standard deviations from the mean) are presented in
Table 7.

Nine of the 180 observations, or 5 per cent, have

extreme residuals.

There does not seem to be any consistent

direction in the sign of the residuals or a consistent year
of observation of the countries with extreme residuals.
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Table 6.

Metric Coefficients for Regression of the
Modernization Index on the Resource Variables:
Pooled Sample, Linear and Semi-logged Models
(N = 156)

Resource
Variables^

Linear Model

Semi-logged Model

10.80*

6.80*

Agprod

.01*

14.53*

Miprod

.001

Resource

Constant
R2

39.20

1.02**
-45.48

.467
^See Table 3 for key.
*T-ratio is significant at the .05 level,
**T-ratio is significant at the .1 level.

.703
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Table 7.

Extreme Residuals in Modernization, Pooled Sample
(N = 156)

Observation

Residual

Czechoslovakia, 1960

-21.64

Guatemala, 1970

-34.45

India, 1960

+47.75

India, 1970

+47.25

Liberia, 1960

+39.81

Liberia, 1970

+49.81

Poland, 1970

+26.90

Spain, 1960

-21.48

Spain, 1970

-32.84
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Region Effects
Region may also have an effect on modernization, net
of the resource varizbles.

To assess a region effect, the

linear and semi-logged models were reexamined after adding
dummy variables for region.

Three regions were examined--

Latin America, Asia and Africa (combined), and the MDC's.
As Table 8 shows, a Latin American country is an average of
11.16 points lower on the modernization index, net of the
resource variables, than a MDC in the linear model and 6.71
points lower in the semi-logged model.

An Asian or African

country is an average of 31.86 points lower, net of the
resource variables, than a MDC in the linear model and 20.26
points lower in the semi-logged model.

All region differ

ences are significant at the .05 level (two-tailed test),
F-tests were computed to test the null hypotheses
that there are no differences between the slopes of the
three regions for the linear model and the semi-logged
model.

Following Eq. (1), the F-test for the linear

model is:
[62683.9-(6027.9+4374.4+3446.8)]/(3-l)(3) _
(6027.9+4374.4+3446,8)/156-(3x3)-l
»b.u.i
df = 6 and 146
An F-value of 86.02 with 6 and 146 degrees of freedom is
significant at the .05 level of significance.3 The
3. The smallest N needed to have a significant Fvalue is 14.
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Table 8.

Metric Coefficients for Regression of the
Modernization Index on the Resource Variables
and Dinniny Variables for Region: Pooled Sample,
Linear and Semi-logged Models (N = 156)

Independent
Variables^
Resource

Linear Model

Semi-logged Model

4,40*

3.72*

Agprod

.01*

10.39*

Miprod

.001**

1.16*

Latin America

-11.16*

-6.71*

Africa/Asia

-31.86*

-20.26*

62.49

-9.19

Constant
R^

.666
^See Table 3 for key.
*T-ratio is significant at the .05 level.
**T-ratio is significant at the .01 level.

.771
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F-test for the semi-logged model is:

^

[72593.4-(6854.6+9134.0+4397.7)]/(3-l)(3) ....
(6854.6+9134.0+4397.7)/156-(.3x3)-1
^~

df = 6 and 146
An F-value of 62.32 with 6 and 146 degrees of freedom is
significant at the .05 level of significance.4 The findings
in this section of the chapter leave little doubt that
region affects modernization, net of the resource variables.
Resources and Different Levels
of Modernization
As discussed above, it is believed that resources

play a less important role in modernization as a country
develops.

A test of this hypothesis can be performed by

reexamining the linear model after converting the resource
abundance and diversity index into four dummy variables.
The first new variable, RESOURCEl, includes those cases
with a score of zero on the resource index.

The remaining

new variables, RES0URCE2 to RES0URCE4, include cases with
scores on the resource index between 0.1 and 1.0, 1.1 and
2.0, and 2.1 and 3.0, respectively.
The results of the modernization model after this

conversion of the resource index are presented in Table 9.
In this analysis, RES0URCE4 was deleted.

The expected

values of modernization from the semi-logged model in
4. The smallest N needed to have a significant Fvalue is 16.
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Table 9.

Metric Coefficients for Regression of the
Modernization Index on the Resource Variables
After the Resource Index is Converted into Four
Dummy Variables: Pooled Sample, Linear and Semilogged Models (N = 156)

Independent
Variables^
Resourcel

Linear Model
-26.12*

Semi-logged Model
-17.47*

Resource2

-9.41**

-6.63*

Resource3

-6.74

-4.53

Agprod

.01*

14.92*

Miprod

-.001

.59

Constant
R2

62.14

-29.56

.495

^See Table 3 for key.
1 is set to 0.0.

.719
The resource index at level

*T-ratio is significant at the .05 level.
**T-ratio is significant at the .1 level.
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Table 9 are plotted against the resource index (see Figure
4).

This plot shows a gradually decreasing slope as the

value of the resource index increases.

This finding

suggests that an increase in natural resource availability
has a greater impact on modernization when natural resource
availability is low than when it is high.
Summary and Discussion
The natural resource abundance and diversity index
and the measure of agricultural productivity per worker are
related to modernization in all models, irrespective of year
(either 1960, 1970, or a pooled sample), which measure of
modernization was used, or functional form of the model
(either linear or semi-logged).

The direction of the

effects of these two variables are always in the direction
predicted by the hypothesis that increasing resource
availability is accompanied by increasing modernization.
The third resource variable, mine production per worker,
was rarely related to modernization.
A region effect was found.

Not surprisingly, the

MDC's had higher average scores on the modernization index,
net of the resource variables, than did countries in
Latin America or Africa/Asia.

This finding indicates that

some of the difference between the MDC's and the LDC's is
due to factors other than resource advantages.

However,

50.7 per cent and 20.7 per cent of the difference in the
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modernization index for Latin America and Africa/Asia are
accounted for by the natural resource indicators.5
This analysis was undertaken to examine two aspects
of the role of natural resources in the modernization
process of nation-states:

(1) the direction and magnitude

of the relation, and (2) the importance of resources at
different levels of modernization.

The findings support

the hypothesis that increasing resource availability and
the technological development to best use the available
resources are powerfully associated with increasing
modernization.

Additional importance may be attributed to

this finding when it is noted that only domestic sources
of natural resources were considered.

Foreign sources have

been crucial to the modernization of many of the MDC's in
this analysis.
The role of resources at greater levels of
modernization was found to be less important than it was
at lower levels of modernization.

This finding adds

support to the belief that (1) resources are an important
source of capital accumulation at lower levels of
modernization, (2) other factors in the modernization
process, such as capital and labor, may provide the •
5. The per cent of the regional differences
accounted for by the resource variables can be determined
by dividing the metric coefficient of a model with the
resource variables by the metric coefficient of a model
without the resource variables, subtracging this fraction
from 1.0 and then multiplying by 100.

important motivations for modernization at greater levels
of modernization, and (3) a country must achieve at least
moderate level of modernization in order to receive
resources through trade.

CHAPTER 4
THE DETERMINANTS OF FERTILITY
In the previous chapter it was shown that natural
resource availability has a strong, positive effect on
modernization.

It is now possible to undertake the analysis

of the determinants of fertility. Hypotheses 1-6.

The

first four hypotheses, predicting effects of modernization.
Islamic beliefs, Roman Catholic beliefs, and abortion on
fertility, have been tested in previous studies.

In the

present study, two additional hypotheses will be tested.
These hypotheses predict (1) an indirect effect of natural
resource availability on fertility through modernization,
and (2) a direct effect of natural resource availability
on fertility.

The hypotheses that the modernization-

fertility relation has changed over time and that it differs
by region will also be examined.
Overview of the Model
The model of fertility used in the present study
is expressed in the following equation:
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Fertility (t) = a + b^Modernization (t-7) + b2lslamic
+ b^Catholic + b^Abortion (t-2)
+ b^Resource (t-7) + bgAgprod (t-7)
+ b^Miprod (t-7) + e
where:

Fertility = the crude birth rate.
Modernization = an index including measures of
urbanization, education, health, and consiamption
patterns.
Islamic = the per cent of the population with
Islamic beliefs.
Catholic = the per cent of the population with
Roman Catholic beliefs.
Abortion = a measure of the presence and utilization
of legal abortion.
Resource = an index of natural resource abundance
and diversity.
Agprod = the amount of agricultural production per
agricultural worker.
Miprod = the amount of mine production per mine
worker.
The modernization index and the three resource

variables are measured seven years prior to the measurement
of the fertility variable.

A seven year period of time

allows sufficient time for these independent variables to
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affect the decision to have a child.

Abortion is measured

two years prior to the measurement of the fertility
variable.

It is anticipated that the availability of legal

abortion will have a much quicker effect on fertility than
do the other independent variables.

Two of the variables.

Islamic and Catholic, are only measured circa 1965 and thus,
are not lagged from the fertility variable.

Given this

measurement limitation, I must assume that religious
composition is constant over the period analyzed.
Findings
Cross-Sectional Analyses of
Fertility: 1957, 1967, and 1977
The seven independent variables in the full model
presented above are examined in Table 10 for each of the
three periods of analysis.

Zero-order coefficients for

the 1957, 1967, and 1977 fertility models are presented in
Tables 11 and 12.

The most important effect on cross-

national differences in fertility for each year of analysis
is the level of modernization.

Modernization has relative

effects of -.79, -.67, and -.54 for the 1957, 1967, and
1977 models, respectively.

In each case, modernization

has a negative effect on fertility, as predicted by
Hypothesis 1.

A strong negative effect of modernization on

fertility also adds support to the hypothesis that natural
resource availability has an indirect, negative effect on

Table 10.

Metric and Standardized Coefficients for Regression of Fertility on
Various Independent Variables in 1957, 1967, and 1977: Full Model
1957

1967

1977

Independent
Variables

Metric

Stand.

Metric

Stand.

Metric

Stand.

Modernization^
Islamic^
Catholic^
Abortion'^
Resource^
Agprod^
Miprod^

-.42*
.05
.08*
-8.48*
-1.37
.001
.001

-.79*
.10
.23*
-.18*
-.09
.10
.07

-.41*
.07*
.06*
-3.59*

-.67*
.18*
.19*

-.28*
.05*
.01
-6.19*
.12
-.002*
.001

-.54*
.12*
.04

N
Constant

62
53.04
.780

R^

-1.96*
-.001
.001
70
54.75
.835

-.17*
-.13*
-.01
.08

-.27*
.01
-.21*
.08

96
49.91
.829

^See Table 3 for key.
Key; Islamic = Per cent of the population with Islamic beliefs;
Catholic = Per cent of the population with Roman Catholic beliefs; Abortion =
A measure of the presence and utilization of legal abortion.
*T-ratio is significant at the .05 level.

Table 11.

Zero-order Correlations Among Variables Used in the Fertility Analysis
in 1957 (Above the Diagonal) and 1967 (Below the Diagonal): in 1957,
N = 62, in 1967, N = 70

(1)

Variable Names^
Fertility

(1)

(2)
-.81

(3)

(4)

(5)

(6)

(7)

.39

.06

-.33

-.46

-.37

.15

-.46

.14

.07

.44

.54

-.05

-.47

-.09

-.15

-.24

.38

-.13

.08

-.16

-.15

.28

-.13

-.10

.26

.03

Modernization index (2)

-.85

Islamic

(3)

.56

-.57

Catholic

(4)

-.07

.27

-.55

Abortion

(5)

-.52

.33

-.24

-.25

Resource

(6)

-.56

.54

-.21

.08

.33

Agprod

(7)

-.53

.63

-.29

-.04

.09

.34

Miprod

C8)

.17

-.01

.31

-.12

-.09

.01

^See Tables 3 and 10 for key.

(8)

.02
.01

a

(1)

Variable Names
Fertility

(1)

(2)

Modernization index (2)
Islamic

(3)

Catholic

(4)

Abortion

(5)

Resource

(.6)

Agprod

(7)

Miprod

(.8)
^See Tables 3 and 10 for key.

(4)

(5)

(6)

(7)

CO

Zero-order Correlations Among Variables in the Fertility Analysis in
1977: N = 93

1
•
00

Table 12.

-.20

-.64

-.47

-.70

.09

-.41

.32

.50

.52

.71

.11

-.52

-.25

-.15

-.30

.33

-.13

.15

.09

-.11

.33

.31

-.07

.49

.09

(3)

(8)

.01
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fertility, with modernization as an intermediate variable.
Hypothesis 5, a predicted direct, positive effect of natural
resource availability on modernization was supported in the
previous chapter.
Hypothesis 2 predicts that the per cent of the
population within a country with Islamic beliefs will have
a direct, positive effect on fertility.

This hypothesis

is supported for the 1967 and 1977 analyses.

In the 1957

fertility analysis, this variable did not have a significant
effect on fertility.

The per cent of the population within

a country with Roman Catholic beliefs, variable CATHOLIC,
also has the predicted direct, positive effect in only two
years of analysis, 1957 and 1967.

In the 1977 analysis,

CATHOLIC did not have a significant effect on fertility.
Thus, both Hypothesis 2 and Hypothesis 3 were supported
in some years of analysis, but not supported in other
years.

This inconsistency in results may be due to

measurement error caused by the absence of change in the
two religion variables over time.
The measure of the availability of birth limitation
methods, ABORTION, has an expected direct, negative effect
on fertility in each year of analysis.

In the 1977 analysis,

this variable had the second largest relative effect on
fertility.

Thus, cross-sectional evidence supports

Hypothesis 4.
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The three measures of natural resource availability
do not have a significant effect on fertility in most cases.
There are two exceptions.

The resource abundance and

diversity index, RESOURCE, has a significant, negative
effect on fertility in the 1967 equation.

Agricultural

production per worker, AGPROD, has a significant, negative
effect on fertility in the 1977 equation.

Both of these

effects, however, are in the opposite direction of
Hypothesis 6, which predicts that natural resource avail
ability will have a direct, positive effect on fertility.
The negative effects of the natural resource availability
variables on fertility may be a reflection of the effect of
region on fertility.

Subsequent analysis showed that when

the region variables were added to the model, no natural
resource availability variable had a significant effect on
fertility.
After completion of the analyses of the full model
for each year, the fertility model was reexamined for each
year of analysis after mine production per worker, MIPROD,
was excluded.

The results of the regression analysis for

the new model are presented in Table 13.

The results of

this new model of fertility are consistent with the results
of the full model.

Table 13.

Metric and Standardized Coefficients for Regression of Fertility on
Various Independent Variables in 1957, 1967, and 1977: Reduced Model
1957

Independent
Variables^

Metric

1967

1977

Stand.

Metric

Stand.

Metric

Stand.

-.39*
.09*
.06*
-3.67*
-1,97**
-.001

-.64*
.22*
.19*
-.18*
-,13**
-.01

-.26*
.06*
.01
-6.50*
.24
-.001*

-.50*
.15*
.03
-.28*
.01
-.22*

Modernization
Islamic
Catholic
Abortion
Resource
Agprod

-.42*
.06
.08*

-.79*
.13
.24*

-8.69*
-1.30
.002

-,18*
-.09
,10

N
Constant
R2

65
52.95
.775

73
53.93
,825

^See Tables 3 and 10 for key.
*T-ratio is significant at the .05 level.
**T-ratio is significant at the .1 level.

96
49.38
.823
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A Test for Pooling
As with the modernization analysis in the previous
chapter, an F-test was computed to test the hypothesis that
there are no significant differences between the values of
the slopes of the 1957, 1967, and 1977 models presented in
Table 13.

In this case:

[32792.5-(7977.7+10022.8+13968.5)1/(3-1)(6) _
(7977.7+10022.8+13968.5)/234-(3x6)-l
df = 12 and 215
An F-value of .46 with 12 and 215 degrees of freedom is not
significant at the .05 level of significance.^

Thus, the

hypothesis that there are no significant differences between
the slopes of the 1957, 1967, and 1977 models is not
rejected.

The remaining fertility analysis will, then, use

a pooled sample.
1. An insignificant F-test for pooling does not
necessarily mean that all of the variables have the same
contribution to a test of change. By adding, one by one, a
variable for the 1977 values of each variable in the pooled
model, it can be shown that the variables have different
contributions to the test of change. The t-ratio for each
of these added variables is presented below.
Added Variables
from 1977 Analysis
T-ratio
Modernization
.77
Islamic
.72
Catholic
1.64
Abortion
.02
Resource
.68
Agprod
1.55
None of these added variables are significant at the .05
level, a t-ratio of 1.96 or greater.
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Pooled Analysis
Hypotheses 1-6 can be reexamined with the pooled
sample.

One major consideration is the direct, positive

effect of natural resource availability on fertility.
Hypothesis 6.

Another is the indirect, negative effect of

natural resource availability on fertility, through
modernization.

Both of these hypotheses can be tested by

first looking at a model which includes the two religious
composition variables and the two natural resource
availability variables.

This model excludes the moderniza

tion index and the abortion variable (see Table 14, model 1).
In this model, both resource variables have a significant,
negative effect on fertility.

Following Alwin and Hauser

(1975), the coefficients generated from this model can be
described as the "total effects" of natural resource
availability on fertility.

Once the modernization index

and the abortion variable are introduced to the model, the
effects of the resource variables are reduced (Table 14,
model 3).

AGPROD is not significantly related to fertility

and RESOURCE is only marginally significant.

The direction

of the relation between RESOURCE and the fertility variable
is negative.

Thus, the larger part of the effect of natural

resource availability on fertility is indirect.

When dummy

variables for Latin America and Africa/Asia are added
(Table 14, models 2 or 4), RESOURCE does not have a
significant effect on fertility.

The variable, RESOURCE,
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Table 14.

Metric Coefficients of Various Fertility Models
with Region Duitvmy Variables; Pooled Sample

Fertility Models
Variables^

Model 1

Model 2

Modernization

Model 3

Model 4

-.34*

-.27*

Islamic

.18*

.09*

.08*

.06*

Catholic

.06*

.04*

.05*

.02

Abortion
Resource
Agprod

-5.19*
-.004*

-5.12*

-3.23*

-1.51*

-1.12**

-.08

-.15*

-.001

-.001

Latin America (LA)

16.09*

11.58*

Africa/Asia (AA)

18.20*

8.66*

238

N
Constant
R2

33.95
.538

238
21.35
.752

234
51.19
.795

^See Tables 3 and 10 for key.
*T-ratio is significant at the .05 level.
**T-ratio is significant at the .1 level.

234
41.03
.859
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and the region dummy variables do not have separate effects
on fertility.

These findings are consistent with the

previous analysis in that Hypothesis 6 is not supported.
Thus it can be concluded that the measures of natural
resource availability used in the present study do not have
a direct, positive effect on fertility.

However, the

analysis has shown that the measures of natural resource
availability have an indirect, negative effect on fertility
through modernization and region.
Region Effects
The addition of a region effect to the fertility
model can have an important influence on the effect of the
religious composition variables, ISLAMIC and CATHOLIC, on
fertility.

The Africa/Asia region has many countries with

a high percentage of the population with Islamic beliefs.
In addition, the Latin American region has many countries
with a high percentage of the population with Roman Catholic
beliefs.

Thus, it can be expected that the addition of the

region dummy variables for Africa/Asia and Latin America
will suppress the effects of both ISLAMIC and CATHOLIC
on fertility.

Table 15 shows that this expectation is

justified for the variable, CATHOLIC (see models 2 and 4).
The other religious composition variable, ISLAMIC, however,
retains its significant, positive effect on fertility after
the addition of the Africa/Asia dummy variable.

Thus,
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ISLAMIC and the diurany variable for AFrica/Asia have separate
effects on fertility.

These findings suggest that elements

of the Islamic belief system that are not present in the
Roman Catholic belief system have a significant, positive
effect on fertility behavior, net of the effect of region.
For example, there may be a greater tendency for members of
the Roman Catholic faith to question the doctrines of the
church than exists in the Islamic faith.
A more complete understanding of the region effect
on fertility can be gained by examining the interaction
between region and modernization in the determination of
fertility.

The results of the fertility model after these

interaction terms are included are presented in Table 15.
This analysis shows that the Latin American and moderniza
tion interaction has an effect on fertility independent of
the effects of either the Latin American dummy variable or
the modernization index.

The Africa/Asia and modernization

interaction term does not have a significant net effect
(see Table 15, model 4).
The findings reported in the last paragraph suggest
that the region dummy variables affect fertility in one of
two ways.
effects.

Figure 5 illustrates these two possible region
In Figure 5a the slope of the modernization-

fertility relation is the same for the MDC's and the
Africa/Asia countries.

The intercepts for these two

regions are different.

The slope of the line for the Latin
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Table 15.

Metric Coefficients of Various Fertility Models
with Region Dummy Variables and Region Interac
tion Terms: Pooled Sample
Fertility Models

Independent
Variables^

Model 1

Model 2

Model 3

Model 4

Modernization

-.27*

-.24*

-.35*

-.34*

.07*

.06*

.07*

.07*

Islamic
Catholic

-.01

.02

.01

.01

Abortion

-3.67*

-3.57*

-3.74*

-3.73*

Latin America (LA)

11.45*

17.65*

10.01*

10.72*

8.10*

9.16*

.51

.94

Africa/Asia (AA)
LA*Modernization

-.10*

AA*Modernization

Constant
r2

.09*
259

N

-.11*

41.44
.860

259
39.41
.863

259
46.99
.867

^See Tables 3 and 10 for key.
*T-ratio is significant at the .05 level.

.13*
259
46.55
.867
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American countries is much steeper than the other two
slopes.

The model represented in Figure 5b looks like the

classic demographic transition model illustrated in
Figure 2.

In this model, the three regions are distinctly

separated on the same line.

The Africa/Asia region is

represented by that part of the model corresponding to
stage one of the demographic transition.

Latin American

countries are in stage two and the MDC's are in stage three.
The significance of the Latin American-modernization inter
action is due to the concentration of Latin American
countries in the range of modernization where the fertility
reducing effect of a unit increase in modernization is
greatest.
One method of determining which of the models in
Figure 5 represents the region effect on fertility is by
reexamining the model in Table 15, model 1, after eliminating
the variable, CATHOLIC, and converting the modernization
index into eight dummy variables, each representing oneeighth of the range in the modernization index.

Since the

range of the original modernization variable was between
1 and 100, the first of the eight new modernization
variables, MODI, includes values for those countries with
scores on the original modernization index between 1 and 12.
The remaining variables, M0D2 to MODS, include countries
with values between 13 and 24, 25 and 36, etc.

The results

of the fertility analysis after the conversion of the
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modernization variable are presented in Table 16, model 1.
In this analysis MODS was deleted. 2

Estimated values of

fertility from this model are then plotted against the
level of modernization for each region (see Figure 6).

Only

those levels of modernization with eight or more cases are
presented for each region (see Table 17).

The coefficients

for the region dummy variables are included in the calcula
tion of the expected values of fertility for those regions
only.

An examination of Figure 6 shows that this plot is

very similar to the model of the demographic transition in
Figure 5b.
Since the interaction between the Latin American
dummy variable and the modernization index had a significant
effect on fertility in an earlier part of the analysis,
interaction terms for the combination of the Latin American
dummy variable and M0D4 to MOD? will be added to the model
described in the last paragraph.

Table 17 shows that there

are very few Latin American cases for the other levels of
modernization.
In Figure 7 the actual and expected mean crude
birth rate for each level of modernization is presented.
The expected means are generated from model 2 of Table 16.
2. MODS was deleted instead of MODI or MODS because
it is the lowest category that contained a Latin American
country. Because neither MODI nor MODS included any Latin
American countries their exclusion would confound the
attempt to distinguish the nonlinearity from an interaction
involving region.
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Table 16.

Metric Coefficients of Two Fertility Models After
Conversion of the Modernization Index: Pooled
Sample
Fertility Models

Independent
Variables^
Modernization
Level 1
Level 2
Level 4
Level 5
Level 6
Level 7
Level 8
Islamic

Model 1

Model 2

2.93**
2.69*
1.71
-3.09*
-9.22*
-14.99*
-15.97*

3.25*
3.30*
2.70*
-4.07*
-9.70*
-14.57*
-15.47*

.06*

.06*

Abortion

-4.03*

-3.84*

Latin America (LA)

10.22*

6.64*

6.58*

6.46*

Africa/Asia (AA)
LA*Modernization
Level 4
Level 5
Level 6
Level 7
N

4.90*
6.37*
5.16*
1.73

'

267

Constant

267

34.43

34.12

.874
g

See Tables 3 and 10 for key.
level 3 is set to 0.0.

Modernization at

*T-ratio is significant at the .05 level.
**T-ratio is significant at the .1 level.
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Expected Values of Fertility from Model 1 of
Table 16 by Level of Modernization Index for
Three Regions: Pooled Sample
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Table 17.

Frequency of Cases for Each Level of Moderniza
tion, by Region
Region

Level of
Modernization

Latin America

Africa/Asia

More-developed
Countries

Modi

0

14

0

Mod2

2

28

0

Mod3

7

23

2

Mod4

10

26

1

Mods

19

10

8

Mode

15

3

13

Mod7

8

1

34

Mods

0

0
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Figure 7,

Plot of Crude Birth Rate by Level of Modernization Index, Observed (0)
and Expected (.X) Mean Values! Pooled Sample
Note; Vertical lines
span y ± a.
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The size of the standard deviation of the cases for each
level of modernization is proportional to the length of the
vertical line which goes through the mean crude birth rates.
It is apparent from this figure that (1) the actual and
expected mean crude birth rates for each level of moderniza
tion are almost identical, (2) the standard deviations in
the middle range of the modernization index are greater
than in the early and later stages of the modernization
index, and (3) the plot of both the actual and expected
mean values are similar to the pattern in Figure 5b, the
classic demographic transition model.
An F-test was used to test the hypothesis that there
are no significant differences between the slopes of the
model with the LAMOD interaction terms and the model without
these interaction terms.

In this case, the equation used

follows Cohen (1968:435):^
R2with interaction — R2without interaction terms/
„ _
terms
# of added variables
2
1 - R with
• . t, inter•
/N - #
ji of
^ added
j variables
action terms
" »
smaller model - 1
Using information from the two models in Table 16,
„ _

(.879 - .874)/4
_ r. cr>
1 - .879/267-4-11-1

_ >1

^ OCT

3. This equation is essentially the same as the
F-test equation presented in Chapter 3. The only difference
is that this equation is formed by dividing the equation in
Chapter 3 by the total sum of squares.
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An F-value of 2.59 with 4 and 251 degrees of freedom is
significant at the .05 level of significance.

Thus, the

hypothesis that there is no difference between the slopes
of the two models is rejected.
The substantive importance of rejecting the null
hypothesis in the F-test reported above is minimized when
it is noted that the addition of the four LAMOD interaction
terms adds only approximately 1% to the explained variance.
Thus, it seems reasonable to conclude that the differences
between the slopes of the two models are not zero, but
close to zero.

Because the slopes are so steep at the

points of overlap the large vertical distances between the
Latin American line and the other line are overcome by
small increases in modernization.
A clearer description of the process described above
can be gained by using the results of the model which
includes the LAMOD interaction terms to estimate the values
of fertility for each of the eight levels of modernization
for each region separately.

The general form of the equa

tion to produce expected values of fertility ($) for Latin
American countries (LA), African/Asian countries (AA), and
the more-developed countries (MDC), respectively, is as
follows;
YT-

= Constant + bLA + bMOD. + bLAMOD.
+ [b(ABORTION)*ABORTIONj^^]
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^AA " Constant + bAA + bMOD^ + [b(ISLAMIC)*ISLAMIC^]
+ [b(ABORTION)*ABORTION^^]

YJ^DC

^ Constant + bMOD^ + [b(ISLAMIC)*ISLAMICj^j^^]
+ [b(ABORTION)*ABORTIONj^j^^]
/\

where:

Y = the expected value of fertility.
ABORTION = the mean value of the abortion variable
for the Latin American countries in the first
equation, the African/Asian countries in the
second equation, and the MDC's in the third
equation.
ISLAMIC = the mean value of the religious composi
tion variable ISLAMIC for the African/Asian
countries in the second equation and the MDC's
in the third equation.

There are very small

numbers of people of the Islamic faith in
Latin America.
The metric coefficients for each equation are found in the
model presented in Table 16, model 2.

Using these coeffi-

cients, the three Y equations are:
Y^^ = 34.12 + 6.64 +b(MOD^) +b(LAMODj^) + [(-3.84)(.05)]
Y^ = 34.12 + 6.46 + b(MOD^) + [ (.06)(44.80)]
+ [(-3.84)(.061)]

100
YJ^DC

"

b(MOD^) + [(.06)(3.37)] + [(-3.84)(.81)]

The Y values for those levels of modernization with 8 or
more cases for each region (see Table 17) are presented in
Figure 8.

This graph shows that major decreases in

fertility do not begin until a country has reached moderniza
tion level 4.

It is also apparent that the major period of

fertility decline ends with modernization level 7.

These

results are very consistent with the description of fertility
change during modernization by the theory of the demographic
transition.

The gap between the Y values for the Latin

American countries and the MDC's reflects the larger mean
score on the abortion variable for the MDC's, the inter
action between the Latin American region and modernization,
and the size of the Latin American region effect.
Change Analysis
Blalock (1964:131) has stated that consistent
results from cross-sectional and change analysis provide
additional support for the relationship between the variables
in question.

Therefore, the determinants of change in the
crude birth rate were examined.4 Change in the crude birth
rate was examined for three time periods: (1) 1947 to 1957,
(2) 1957 to 1967, and (3) 1967 to 1977 (see Table 18).
determinants of change were examined in two steps.

The

First,

4. Change in crude birth rates (CBR) is equal to
CBR (t2)-CBR (tj^) divided by CBR (t^^).
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Table 18.

Metric Coefficients for Regression of Change in Fertility on Various
Independent Variables for Three Time Periods
1947--1957

Independent
Variables^

1957-1967

1967-1977

Model 1

Model 2

Model 1

Model 2

Model 1

Model 2

Modernization
Islamic
Abortion
Latin America
Africa/Asia
Early CBR'^

-.34*
.13*
-6.63*
10.02*
na

-.22*
.09*
-6.14*
5.16*
na
4.58*

-.26*
.07*
-2.57*
14.76*
9.69*

-.11*
.05*
-1.67*
4.87*
2.17
.63*

-.26*
.07*
-3.78*
11.07*
7.88*

-.04
.001
-.23
-1.74
-1.59
.97*

N
Constant

61
47.38
.82

61
28.34
.86

81
39.09
.92

81
13.21
.96

R2

107
39.44
.86

107
.83
.94

^See Tables 3 and 10 for key.
Crude birth rate in first year of time period.
*T-ratio is significant at the .05 level.
na = A very small n\amber of countries in Africa/Asia were independent
nation-states during this time period. Thus, this variable was not included in
the regression of fertility change in 1947-1957.
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the independent variables from Table 15, model 1 were
examined.

Each of these variables was lagged from the last

year of the period of analysis in the same way as the
previous analysis.

Subsequently, the crude birth rate in

the first year of each time period was added to the model.
The direction of the relation between each of the independent
variables and the change variable was in the same direction
as was observed in the previous analysis.

Thus, additional

support for many of the hypotheses discussed in previous
sections of this chapter was found.
Summary and Discussion

With the exception of the hypothesized direct,
positive effect of natural resource availability on fertility
(Hypothesis 6), all of the predicted relationships were
supported by the analysis in this chapter.

In the cross-

section analysis of fertility in 1957, 1967, and 1977, the
modernization index had the largest relative effect on
fertility.

Net of the other determinants of fertility, the

four natural resource availability measures never had a
significant, positive effect on fertility, as predicted by
Hypothesis 6.
The test for pooling failed to reject the null
hypothesis of no significant difference between the slopes
of the models for the three periods of analysis.

Thus, the

remaining part of the fertility analysis used a pooled
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sample.

The findings of the basic fertility model with the

pooled sample were consistent with the findings of the
cross-sectional analysis.
The region analysis showed that the Africa/Asia
dummy variable and the religious composition variable
ISLAMIC had separate effects.

However, the other religious

composition variable, CATHOLIC, was not significantly
related to fertility once the Latin American dvurany variable
was introduced to the equation.

When interaction terms for

the effects of the combination of the modernization index
and (1) the Latin American dummy variable (LAMOD) and (2)
the African/Asian dummy variable (AAMOD) were added to the
model, it was found that LAMOD had a significant effect on
fertility while AAMOD did not.

After converting the

modernization variable into eight variables, each repre
senting a different level of modernization, it was found
that the region effect on fertility corresponds closely to
the predictions of the modernization theory of fertility.
Most importantly, it showed the modernization-fertility
relation to be curvilinear.
It may be argued that the demographic transition
interpretation of these results is limited by the lack of
Latin American countries in the very early stages of
modernization.

This is a valid point.

However, Hout's (in

press) analysis of the early twentieth century fertility
in Latin American countries shows them to be quite similar
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to the early modernization countries of Africa/Asia in the
present study's sample.

In short, Hout's results support

an extrapolation of the Latin American results in the
present study beyond the observed modernization range.

CHAPTER 5
DISCUSSION AND IMPLICATIONS
Overview
This study was undertaken in response to two issues
that have often been addressed in the literature in the past
few years.

The first of these issues is concerned with the

relevance of the modernization version of the theory of the
demographic transition for modem population dynamics.

When

it is noted that the theory of the demographic transition
was originally developed as an explanation of population
patterns in nineteenth century Europe, some caution must be
exercised before using this theory to explain modern popula
tion patterns.

Numerous scholars have noted differences

between the demographic and economic situations of presentday LDC's and nineteenth century Europe (cf. Coale, 1973;
Teitelbaum, 1975).

The importance of this issue is apparent

when it is noted that many LDC's have high rates of popula
tion growth.

Teitelbaum (1975) shows that recent inter

national discussions concerning world population growth have
repeatedly discussed the relevance of the theory of the
demographic transition for today's situation.
A second major contribution to the development of
this study was the literature in the natural and social
106
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sciences which expressed a concern about the availability
and distribution of world natural resources.

The extreme

position is that of the so-called "doomsday" literature (cf.
Meadows et al., 1972).

These authors believe that the

world's natural resources are rapidly being depleted and the
subsequent lack of natural resources will have drastic
effects on the prospects for modernization in the LDC's.
Other writers disagree, noting, for example, that advances
in technology will ease the strain on natural resources (cf.
Barnett, 1967; Hibbard, 1968).
The unequal distribution of natural resources is
another aspect of the resource issue.

Echols (1976:167)

illustrates this aspect of the resource issue for food
supplies.
Between 19 53 and 19 71 the world food supply grew by
2.9%, which, when balanced with a population growth
of 2.6%, yielded a per capita increase of 0.3%. Of
the developing areas, Latin America fared best with
an annual per capita gain of 0.9%. Asia, however,
increased only 0.2%, and Africa declined by 1.1%
per year.
Another view of the unequal distribution of natural re
sources can be shown with an index of natural resource
abundance and diversity, a variable used in the present
study.

The mean values for this index by region are .932

for the MDC's, .286 for Latin America, and .148 for Africa/
Asia.

It is clear that those countries with abundant and

diverse natural resources have already modernized to a
large degree.
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How are these two issues associated?

A first step

in answering this question is provided by the literature in
economics which states that the availability of natural re
sources is an important factor in the modernization of a
country.

When this position is added to the hypothesis of

the modernization version of the theory of the demographic
transition that modernization is a major determinant of
fertility, it can then be hypothesized that natural resource
availability affects fertility through modernization.

Thus,

an abundance of available natural resources will stimulate
modernization and subsequently lower fertility.

A major

implication of this hypothesized telation, natural resourcesmodernization-fertility, concerns the recent literature
which states that the world is experiencing a depletion of
natural resource supplies.

If natural resource availability

is low, modernization in the LDC's may be hindered.

This,

in turn, could hinder a decline in fertility.
The availability of natural resources and the
relevance of the modernization version of the demographic
transition may also be related within the framework of an
economic theory of fertility.

If it is assumed that the

availability of natural resources influences the prices of
goods and services, including children, desired by a
couple, it can then be hypothesized that children are com
peting with other goods and services desired by the couple.
When natural resource availability is low, prices are high.
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Thus, a couple with limited spending power may decide to
have fewer children in order to purchase other desired goods
and services.
This explanation of fertility behavior, based on the
prices of goods and services, is only appropriate in a
society with a market economy.

A major consideration, then,

is the fact that most countries with high fertility have sub
sistence economies instead of market economies.

Thus, the

viability of this explanation of fertility behavior for the
LDC's is questionable.
Discussion of the Findings
The Role of Natural Resources
One of the major questions addressed by this study
concerns the role, if any, of natural resource availability
in the changes of a country's level of fertility described
by the modernization version of the theory of the demographic
transition.

Of the two hypothesized roles of natural re

source availability, an indirect, negative effect of natural
resource availability on fertility was supported by the
analysis.

It was found that natural resource availability

had a positive effect on modernization and that moderniza
tion had a negative effect on fertility.
The first part of the natural resource availabilitymodernization-fertility relationship was supported by the
analysis in Chapter 3.

The findings in this chapter show
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that increasing natural resource availability is powerfully
associated with increasing modernization.

Additional im

portance may be attributed to this finding when it is noted
that only domestic sources of natural resources were con
sidered in the analysis.

A second major finding concerning

the natural resource-modernization relation was that the
semi-logged model of this relation consistently explained a
greater percentage of the variance in modernization than did
the linear model.

This finding can be interpreted as evi

dence supporting the belief that an increase in natural re
source availability has a much greater effect on moderniza
tion for those countries with low natural resource avail
ability than for those countries with greater natural re
source availability.

It may be argued that this situation

is one of declining marginal utility.
The findings discussed in the past paragraph support
the position of those scholars who believe that natural re
sources have an important, positive effect on modernization.
However, it is also important to state that a large amount
of available resources alone is not sufficient for moderni-^
zation.
Natural resources have significance only in con
junction with enterprise (which sees their economic
value), capital equipment (which transforms and
transports them), and labor (which is trained in
necessary techniques of mining, farming, forestry,
fishing, and manufacturing) (Fisher, 1954:26-27).

Ill

The absence of a significant resource endowment for
a country means an almost complete dependence on foreign
sources for those natural resources needed for modernization.
Those countries which are dependent on foreign sources are
subject to fluctuations in world economic patterns and
political transformations in other countries.

Thus, LDC's

with available natural resources have a much better potential
for modernization.

Various authors have stated that few

countries have achieved high levels of modernization without
access to large and inexpensive supplies of natural re
sources (cf. Fisher, 1954; Ginsburg, 1957).
The second part of the natural resource availabilitymodernization-fertility relation was supported by the anal
ysis in Chapter 4.

Regardless of time period or which in

dependent variables were included in the equation, moderni
zation always had a strong negative effect on fertility.

In

almost every model examined, modernization had the largest
relative effect on fertility.

These findings add support to

the often observed negative effect of modernization on
fertility.

When these findings are added to the support for

the natural resource availability-modernization relation,
the hypothesized indirect, negative effect of natural re
source availability on fertility, with modernization as an
intermediate variable, is supported.

However, it should be

noted that modernization has little effect on fertility
prior to level 4 of the modernization index (see Figure 6).
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The second hypothesized role of natural resource
availability in fertility reduction, a direct, positive
effect, was not supported by the analysis of the present
study.

However, it should be noted that the measures of

natural resource availability used in this study are not
indicators of the price aspect of natural resources.

With

this limitation in mind, some caution should be noted in the
conclusion that there is no direct, positive effect of
natural resource availability on fertility.

A better test

of this hypothesis would have to include actual measures of
the price of natural resources.
The Relevance of the
Demographic Transition
The second major question addressed in this study
concerns the relevance of the modernization version of the
theory of the demographic transition for modern population
patterns.

The analysis in Chapter 4 strongly supports the

belief that the patterns of fertility decline predicted by
the demographic transition are relevant for modern LDC's and
MDC's.

It is shown (1) that African and Asian countries are

in the early stages of modernization and are experiencing
high, relatively stable fertility rates; (2) that Latin
American countries are in the middle stages of modernization
and are experiencing rapid declines in fertility; and (3)
that the MDC's are in the later stages of modernization and
have low, relatively stable fertility rates.

This pattern
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(shown in Figures 5b-8) is very consistent with the expecta
tions of the modernization version of demographic transition
theory.
The relevance of the modernization version of the
theory of the demographic transition has been supported by
other studies.

Hout (in press), examining Latin American

countries from 1915 to 1975, has shown that these countries
experienced high, relatively stable fertility rates in the
early stages of modernization.

He goes on to show that as

these countries became more modernized, the fertilityreducing effect of modernization became stronger.

These

findings are very consistent with the. findings of the
present study.

Two other studies of Latin American countries

have also concluded that the modernization version of demo
graphic transition theory is relevant to modern population
dynamics (Beaver, 1975; Oechsli and Kirk, 1975).
A few words of caution should be mentioned prior to
the discussion of the implications of the findings reported
above.

This study has, once again, shown that the moderni

zation version of the theory of the demographic transition
achieves a great degree of predictive power when the theory
is tested at a high level of generality.

However, numerous

specific propositions that can be deduced from the theory
have not been tested and remain in question.

These un

answered questions include a consideration of the variations
in fertility in the early stages of modernization and the
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determinants of the rapid fertility decline in the middle
stages of modernization.
Implications
The relevance of the modernization version of the
theory of the demographic transition for modern population
dynamics is of great importance for the formation of national
policy in LDC's and MDC's.

At recent international dis

cussions of the world population situation, it has been
commonly stated that the relevance of this theory is of
crucial importance.

Many countries have expressed the

belief that fertility decline will take place due to the
effects of modernization.

Teitelbaum (1974:752) calls this

the "Holistic Development" position of population programs:
Fertility decline is a natural concomitant of social
and economic development/ as proven by the European
Demographic Transition. Most of the fertility de
cline in developing countries with family planning
programs therefore derives from the impact of social
and economic development rather than from the
programs themselves.
The results of the analysis in the present study
can be interpreted as evidence in favor of the "Holistic
Development" position described above.

However, there may

be other factors in the demographic and economic situation
of the modern world that indicate that modernization, alone,
may not be enough to reduce fertility in the LDC's.
The findings in the present study concerning the
role of natural resource availability in the modernization
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version of the theory of the demographic transition are of
particular importance in assessing the utility of the
"Holistic Development" position.

Within the framework of

this position, modernization is the primary determinant of
fertility decline in the LDC's.

Thus, if a country does not

modernize, or is prevented from modernizing, the fertility
rate will remain high.
The analysis in Chapter 3 has shown that natural re
source availability is one of the primary determinants of
modernization.

Thus, the tie between natural resource

availability and modernization has a crucial impact on the
prospects for fertility decline in the LDC's.

Some writers

have concluded that there are not enough natural resources
to modernize all of the LDC's.

Other writers have shown

that the LDC's are dependent on the MDC's for the natural
resources they need for modernization and that the MDC's may
be reluctant to give up these natural resources.

If either

of these observations is true, the prospects for moderniza
tion in the LDC's are poor.

Thus, it may be well to

initiate other means of fertility reduction in addition to
the effects of modernization.

This conclusion may be

especially relevant to countries in Africa and Asia who are
in the early stages of modernization.

One of the findings

of the present study is that natural resource availability
has a greater influence on modernization at the early
stages of modernization.
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Is modernization enough to reduce fertility in the
LDC's, even if we ignore the issue of natural resource
availability?

Teitelbaum (1975:425) has stated that there

are two fundamental questions that must be addressed:
(1) Sufficiency: Will the moderate levels of
development to which many developing countries can
realistically aspire in the medium-term future be
sufficient to establish the preconditions for
"natural" fertility decline?
(2) Timeliness: If such declines do occur, will
they occur soon enough and at a pace rapid enough
to compensate for the sharply increased pace of
mortality decline and higher initial fertility
levels of these countries as compared with transi
tional Europe?
Teitelbaum goes on to say that current international dis
cussions of population dynamics focus on these matters of
sufficiency and timeliness.

Those countries that take the

"Holistic Development" position believe that current
modernization is sufficient to bring about fertility reduc
tion in an acceptable period of time.

The others who argue

that other fertility reduction programs must be added to
modernization doubt the sufficiency and timeliness of
modernization, alone, for many countries.

This latter posi

tion has received support by two recent studies that con
clude that organized family planning programs must also be
present for fertility to be reduced in many countries
(Mauldin and Berelson, 1978; Tsui and Bogue, 1978).
Cutiright and Kelly (1978) and the present study have also
found that net of other determinants of fertility, such as
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modernization and religious composition, family planning
variables have a significant, negative effect on fertility.
The implications of the present study can be sum
marized in relation to Teitelbaum's (1975) discussion of the
differences between the social and economic situations of
modern LDC's and nineteenth century Europe.

Teitelbaum

noted eight differences between the European experience and
present-day LDC's which tend to favor more rapid fertility
declines in the LDC's.

He also discussed eight differences

which tend to act against more rapid fertility declines in
the LDC's.
Of the eight factors in favor of a more rapid fer
tility d'ecline in modern LDC's, three can be compared to the
findings of the present study.

First, Teitelbaum (1975)

states that the pace of modernization is greater in the LDC's
than it was in nineteenth century Europe.

The present study

did not examine the pace of modernization directly, but it
is clear that modernization has a substantial, negative
effect on fertility, net of the other variables in the model.
Secondly, Teitelbaum notes that the increased availability,
diversity, and effectiveness of methods of fertility control
favors more rapid fertility decline in the LDC's.

The

measures of fertility control used in the present study are
concerned with the availability and utilization of abortion.
These measures have a significant, negative effect on fer
tility, net of the other variables in the model. The third
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factor mentioned by Teitelbaum is the increased availability
of international assistance for the LDC's.

The present

study does not directly examine the amount of international
assistance available to the LDC's.

However, the finding

that natural resource availability has a significant, nega
tive-effect on fertility, with modernization as an inter
mediate variable, shows that international assistance in the
distribution of natural resources can affect the pace of
modernization and subsequently, the pace of fertility
decline.

Of the eight factors that Teitelbaum (19 75) believes
hinder a more rapid rate of fertility decline in modern
LDC's, two can be discussed in light of the findings of the
present study.

Both of these factors are concerned with an

aspect of modernization:

(1) decreased opportunities for

rural-urban migration in the LDC's, and (2) increased dif
ficulties in providing universal education in the LDC's.
Both of these factors are included in the index of moderni
zation used in the present study.

The finding that the

modernization index has a large, negative effect on fer
tility, net of the other variables in the model, seems to
indicate that both rural-urban migration and universal
education are contributing to reductions in fertility.

The

countries in Latin America are experiencing rapid declines
in fertility while the African and Asian LDC's are not.
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This may be a result of greater rural-urban migration and
greater levels of education in Latin America.
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