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ABSTRACT
AMELIA DALE HORNE. Maternal Age at Last Birth and Reproductive Span:
An Analysis of Egyptian Fertility. (Under the direction of C. M.
SUCHINDRAN. )

Studies of events of the life cycle relating to human reproduction
have concentrated on the beginning of the childbearing period, i.e, age
at marriage and age at first birth. The present research initiates
analysis of the end of the reproductive period. The variables age at
last birth and reproductive span are examined for Egypt with the 1980
Egyptian Fertility Survey data.

The hazard of the last birth occurring by age x 1s modeled via
proportional hazards regression. While age at marriage and parity
are controlled, the effects of women's education, rural or urban res-
idence, and marital dissolution are assessed. The effects of these
independent variables on the length of the reproductive span are es-
timated by multiple regression.

Both of the above methods of modeling require that detailed
micro-level data be available. Theoretical formulations are derived
for expressing the summary measures mean maternal age at last birth
and mean reproductive span, and their variances, when the only data
available are a set of age-specific fertility rates and perhaps a
life table for women.

Projections of mean maternal age at last birth are done by two
methods. The first method is the construction of a parity-specific

fertility table, and the second involves the titting of a Poisson



covariate model to the EFS data.

Finally, policy implications for Egypt of the results of this

study are considered.
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CHAPTER I

INTRODUCTION

1.0 The Problem and Its Interest

As persons progress through their life course, they are expected
to-move through various stageé or roles. The usual progression 1is
through periods of early childhood, years devoted to education, entrance
into the labor force, marriage and reproduction, and retirement. These
stages are age related and prescribed by social norms. Entering a
period of the life cycle early or late, as deemed by prevailing norms,
may be considered socially ill timed. (See Neugarten et al., 1965;
Elder, 1975; Neugarten and Hagestad, 1976; and Featherman, 1982).

Important among the events of the life cycle are the beginning
and ending of childbearing. While age at marriage and the onset of
childbearing have been the subjects of numerous studies in Egypt and
elsewhere (e.g., El1-Guindy (1971), Kafafi (1983), Kiernman and Diamond
(1983), Trussell and Bloom (1983)), the completion of the reproductive
period, and consequently the length of the reproductive span, have re-
ceived little attention. For Egypt, the geographic focus of this study,
there has been no research on the end of the childbearing period.

Yet there arc important reasons why this topic should be studied
in order to gain some undcrstanding of the differences in completion
of childbearing among various population subgroups. First, the com-
pletion of reproduction is of significance to the majority of women who

are mothers. For them, the exit from this stage of the life cycle brings



them close to the end of intensive child care and related matters, and
allows them to devote more of their time to other pursuits. Having the
last child relatively late in life may limit the roles and activities

a woman can explore upon the completion of childbearing.

Secondly, significant changes in the timing of completing child-
bearing and in the length of the reproductive span may have important
consequences regarding peer and family relationships. A shift to older
(or to younger) ages at last birth may result in a larger number of
women/couples having little in common with their peers who are in anoth-
er stage of the life cycle. Older ages at the birth of the last child
also may affect parent-child relationships, particularly that involving
the last child, since older parents tend to be more mature and finan-
cially secure than younger parents. On the other hand, older, less en-
ergetic parents may find it difficult to keep pace with the youngest,
active child, making it necessary to relegate a portion of the parental
duties to an older sibling. If older age at last birth is coupled with
high parity, the youngest child, and perhaps all the children, may find
it difficult to compete for their parents' attenticn. If old age at
last childbirth also means a long reproductive span, a consequence
would be considerable differences in age among siblings, thus affecting
sibling relationships. Ending the childbearing period late in life can
also affect the husband-wife relationship by giving them less time to-
gether free of the responsibilities of childbearing before the period
of retirement and old age.

Moreover, a change to older ages at last birth will mean that more
offspring arc still relatively young during their parents' old age and
thus less able to provide financial and other support for them. The

older parents will be less likely to live long enough to see all their




grandchildren born, or to see them grow to young adulthood. The quality
of the relationships between grandparents and grandchildren could thus
be affected.

Thirdly, there are reasons to expect that age at last birth has and
will continue to undergo changes in Egypt because of recent demographic
and social trends. For example, age at marriage 1s expected to continue
to rise, as well as education and increased enrollment of women in secon-
dary schools and in universities (El-Guindy, 1971; Khalifa, 1974;
Ibrahim, 1981). Both these factors tend to delay age at first birth
and to relate to age at last birth. In addition, the divorce rate in
Egypt is relatively high (Hanna, 1971; Khalifa, 1974), and most divorced
women remarry (Hanna, 1971). If women tend to produce offspring from
their latest marriage, marital disruption that leads to remarriage 1is
expected to increase age at conclusion of childbearing.

Fourthly, as Rindfuss and Bumpass (1976) and Fallo-Mitchell and
Ruff (1982) pointed out, there are probably social norms regarding the
age for ending childbearing. Additionally, there appear to be evolving
health norms regarding the maternal age for having the last birth.
Nortman (1974) summarized the increased risks to maternal and fetal/
perinatal health of bearing children at older ages. There is evidence
that in Egypt maternal mortality increases sharply at maternal ages
over 35 (Younis, N. et al., 1979). Fortney et al. (1982) found that
in Egypt, where infant mortality is relatively high, babies born to
women over age 35 had significantly lower survival rates than did in-
fants born to younger mothers. Omran and Johnston (1984) have further
documented in African countries the deleterious effects to the health
of the entire family of childbearing at maternal ages less than 20 and

over 35. Moreover, a conference organized in 1978 by Al Azhar Univer-



sity in Cairo urged that because of high perinatal and infant mortality

rates in the Middle East, women should avoid childbirths at high risk .
age groups (People, 1979). The analysis of variations in age at last

birth and in reproductive span among different sociodemographic sub-

groups of women hopefully will contribute to our understanding of the

norms regarding these events of the life cycle.

Finally, the ages at which women stop having children and the
length of the reproductive spaﬁ can be important factors affecting
population growth. High growth rates and overpopulation have long been
of concern to planners and policymakers in Egypt. Since birth control
in Egypt is used mostly to limit rather than to space births (CAPMAS,
1983 c¢; Khalifa et al., 1982), old age at last birth and long repro-

ductive spans are expected to accompany high parity, and thereby con-

tribute to rapid population growth.
All the above reasons point to the need to fill the current void
of research on the end of the childbearing period. Analysis of the

Egyptian Fertility Survey data can provide insights for the case of

Egypt.

1.1 Review of the Literature

There is no previous or ongoing research on the change, variation
in, or determinants of age at last birth or of the reproductive span.
This area of inquiry appears to be wide open for investigation.

Krishnamoorthy (1979) devcloped mathematical expressions for var-
1ous life cycle descriptive measures, including calculations of mean

age at first and last birth, from which the span of childbearing can

be deduced. He pointed out that his work is '"only an attempt to stim- ‘

ulate interest in further work in this potential area incorporating



other variables, such as marital status, economic status, etc.,' and
that detailed models need to be developed to explain the relevance
of other variables and for testing hypotheses.

Nour (1984) demonstrated the construction of fertility tables using
essentially life table type techniques. Using a woman's parity rather
than her age as the criterion, he showed how to summarize the reproduc-
tive experience of a population based, on the one hand, on observed
sets of current parity-specific rates of reproduction, and, on the other
hand, on current parity distributions. Among the statistics computed
were the distribution of the number of children remaining to be born
to women of different parities, the corresponding distribution of com-
pleted family size, and the expected length of waiting time until com-
pletion of childbearing.

Both these authors contributed methods for obtaining useful and
informative descriptive measures. But, as Krishnamoorthy noted, de-
scriptive statistics do not allow for analysis incorporating the ef-
fects of other variables simultaneously. The present analytic as well
as descriptive approach to the study of the end of childbearing exam-
ines the effects of sociodemographic variables and tests hypotheses

about them.

1.2 Purpose of the Present Study

The present research attempts to determine variation in comple-
tion of childbearing and in length of the reproductive span among Egyp-
tian women, by examining the effects of several social and demographic
variables. Variables whose effects are modeled are marital experience,
women's education, and rural/urban residcence, while the effects of age

at marriage and parity arc controlled. Little 1s currently known about



the relationships of these variables to age at last birth and consequent- .
ly to the span of childbearing.
For the sake of simplicity, the study of the effect of marital ex-
perience concentrated on the status of the first marriage. Several .
measures of marital experience are available in the dataset used, e.g.,
number of times married, current marital status, number of years spent
in marital union, and these are examined descriptively in chapter II.
As mentioned earlier, Egypt has a relatively high crude divorce rate,
about 2.0 per 1000 population for 1975-80 (CAPMAS, 1983 d), the effects
of which are of particular social and demographic interest. It is ex-
pected that marital disruption that leads to remarriage will tend to
increase age at last birth and the length of the reproductive span.

On the other hand, marital disruption without remarriage is expected

to have the reverse effect.

Education of women, especially at higher levels, has been found to
be an important determinant of fertility behavior in numerous parts of
the world, and Egypt is no exception (El-Sayeh, 1971). Especially since
women's education tends to be positively related to age at marriage in
Egypt (Kafafi, 1983), it is conceivable that postponement of marriage
leads to delayed reproduction and age at last birth. On the other hand,
the more highly educated the woman, the more likely she is to be aware
of the social and health disadvantages of bearing children at old mater-
nal ages. Also, it 1s anticipated that the more highly educated the
woman, the higher her expectation of standard of living and the smaller .
her completed family size are likely to be. Thus, a negative relation-

ship between education of women and age at last birth, as well as length

of reproductive span, is expected.

The difference between residence in urban and in rural areas also



has been found to manifest itself in fertility behavior. In Egypt,
the difference between life in urban and in rural areas represents a
"cultural gulf" (Loza, 1982). In rural areas, children have greater
utility, and the prevalence of contraceptive use is lower than in ur-
ban areas (El-Deeb and Casterline, 1983). Also, of those currently
aged 45 to 49, rural women desire an average of 0.9 additional child
compared to 0.1 in urban regions (CAPMAS, 1983 c, p. 86). For these
reasons it is anticipated that age at last birth tends to be older
and reproductive span-longer in rural than in urban areas.

The present study consists of three phases of work. First, a
descriptive exploration was undertaken to gain some preliminary insight
into the data, mainly concerning univariate relationships. This phase
of research, presented in chapter II, is accompanied by graphical il-
lustrations to provide visual detection of relationships. The second
stage of the study, presented in chapters III and IV, is the develop-
ment and use of models applied to data on individuals to investigate
the effects of the independent variables mentioned before, on age at
last birth and reproductive span. The third stage of work is the pro-
jection of expected future ages at completion of childbearing, based
first on current parity and then on current age. These projections
are given in chapter V. Mecthodologies of this study and results are
summarized, and policy implications considered, in chapter VI. Chap-

ter VII gives suggestions for future research.

1.3 The Data

The data analyzed here are from the 1980 Egyptian Fertility Survey
(EFS) executed by the Egyptian Central Agency for Public Mobilization
and Statistics (CAPMAS). The survey was a par of the World Fertility

Survey and was done in collaboration with the World Bank. (CAPMAS,



1983 a.) .

The selected sample represents a national survey, excluding only
the Sinai population, nomads, and non-Egyptian nationals. The sample
of 10,000 households selected from 200 primary sampling units (towns
and villages) was self-weighted.

Within urban and rural regions, a second stage of cluster sampling
was conducted, in which ultimate area units (UAU's) were selected. In
the last stage of the sampling process, systematic samples of dwellings
from each UAU were chosen. All ever-married women under age 50 in all
households in selected dwellings were to be interviewed. The final
sample contains pregnancy, birth, and marital histories, and data on
infant/child mortality, contraceptive practice, and socioeconomic charac-

teristics of 8,788 women. (CAPMAS, 1983 b.)

For the present study, women who had experienced no childbirths by ‘
the time of the interview were excluded from analysis. Thus, the study
lsample size was reduced to 7,817 women, 3,343 from urban areas and 4,474
from rural regions.
In any data analysis, some consideration must be given to the qua-
lity of the data. In particular, since this research deals with mater-
nal age at last birth and, in order to compute length of the reproduc-
tive span, age at first birth, the accuracy of the reporting of births
and dates of births is of interest. Any survey dataset of the magni-
tude of the EFS, undertaken in a society that is not highly literate
cannot be expected to be totally free from error. However, evaluation .
of the quality of the EFS fertility data determined ''that omission of

births was negligible and that misplacement of dates of birth was of a

modest magnitude' (CAPMAS, 1983 ¢, p. 31).



CHAPTER II
A DESCRIPTIVE PREVIEW

2.0 Introduction

An examination of descriptive statistics from the Egyptian Fertili-
ty Survey data provides preliminary insights for this study. In parti-
cular, it displays simple, visual relationships between variables in a
mostly univariate manner. Analyses of the effects of several variables
simultaneously are presented in chapters III and IV.

Descriptive results on age at first birth, age at last birth, and
reproductive span are given below. Women with no births af the time of
the survey were excluded from computations, as these women had no ob-

served ages at birth.

2.1 Age at First Birth

The percentage distribution of age at first birth by current age
and residence is given in table 2.1. Since only women who had had at
least one child were included for analysis, younger cohorts of women
necessarily had their first births at young ages. No information,
therefore, is available about women in the younger cohorts who had not
had their first child by the time of the interview. Thus, data for the
oldest cohorts provide more complete information about the distribution
of age at first birth.

For the total group of women, of current age 45 to 49, the largest

percentage (about 53%) experienced their first births some time between
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TABLE 2.1

PERCENTAGE DISTRIBUTION OF AGE AT FIRST BIRTH BY CURRENT AGE
EGYPT, 1980

Age at First Birth

Current <15 15-19  20-24 25-29 30-34 35-39 40-44 45+ N

Age A. Urban
15-19 5.7 94.3 - - - - - - 106
20-24 3.0 57.5 39.4 - - - - - 464
25-29 3.8 37.6 44.3 14.3 - - - - 718
30-34 4.2 45.1 30.3 17.7 2.8 - - - 650
35-39 5.8 46.1 32.8 11.6 3.1 0.5 - - 551
40-44 8.1 49.8 28.2 10.5 3.3 0.2 - - 458
45-49 8.8 51.8 26.0 8.8 2.8 1.5 0.3 0.0 396
Total 5.3 48.4 32.6 1.8 0.3 0.03 0.0 3343
B. Rural
15-19 13.9 86.1 - - - - - - 216
20-24 6.4 69.9 23.7 - - - - - 845 -
25-29 8.2 52.5 34.2 5.2 - - - - 833
30-34 7.9 56.1 27.0 7.6 1.4 - - - 811
35-39 9.0 57.8 25.0 6.3 1.5 0.4 - - 735
40-44 8.8 52.1 29.1 6.6 2.5 0.9 0.0 - 560
45-49 7.2 53.4 28.5 7.8 1.5 0.8 0.6 0.2 474
Total 8.2 59.0 26.5 5.0 1.0 0.3 0.1 0.02 4474
C. Total
15-19 11.2 88.8 - - - - - - 322
20-24 5.2 65.5 29.3 - - - - - 1309
25-29 6.1 45.6 38.9 9.4 - - - - 1551
30-34 6.2 51.2 28.5 12.1 2.0 - - - 1461 .
35-39 7.6 52.8 28.4 8.6 2.2 0.5 - - 1286
40-44 8.4 51.1 28.7 8.3 2.8 0.6 0.0 - 1018
45-49 7.9 52.6 27 .4 8.3 2.1 1.1 0.5 0.1 870
Total 6.9 54.4 29.1 7.5 1.3 0.3 0.05 0.01 7817

Source: 1980 Egyptian Fertility Survey, Standard recode, version 3.
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15 and 19 years of age. The next most popular age-at-first-birth inter-
val was 20 to 24 years of age, with percentages experiencing their first
births dropping sharply thereafter and then declining steadily. Similar
trends hold for younger cohorts as well, and for urban and rural women.

Differences between urban and rural women are small for the older
cohorts, but tend to diverge among the younger groups of women. For
example, among those currently aged 45 to 49, 52% of the urban and 53%
of the rural had their first child between 15 and 19 years of age. For
those currently aged 25 to 29, however, the respective percentages were
38 and 53. This divergence in proportions having first births at an
early age suggests that conditions in the urban areas in recent years
have tended to delay the onset of childbearing. Could this trend be due
to higher education of women in urban areas, their changing roles in the
cities, or the recent urban housing shortage?

Under the assumption that all of the 35-39, 40-44, and 45-49 co-
horts had had their first births, a test for differences among the dis-
tributions of these cohorts for the total group of women can be made.
With the use of frequencies, and with the last three categories combined,
a chi-square with ten degrees of freedom of 13.59 is obtained, indicating
no significant cohort differences in age at first birth for these three
oldest groups of women, at the .05 or even .10 level of significance.

A test for urban/rural differences in the oldest cohort also can
be done. The chi-square with five degrees of freedom is 3.38, indicat-
ing no significant residential difference among women aged 45 to 49. Com-
paring urban and rural women in the 25-29 age group, however, yields a
chi-square with three degrees of freedom of 75.49, indicating a signifi-

cant difference in the distribution of age at first birth by residence



12

for this younger cohort of women.

2.2 Age at Last Birth

Data on age at last birth for women in the younger cohorts may be
considered incomplete, since most of these women had not had their actual
last births by the time of the interview. For this reason data for the
younger groups of women are omitted in the following tables.

Table 2.2 shows the percentage distribution of age at last birth
by current age and current residence for women aged 35 and over. It may
be assumed that almost all the women in the age group 45 to 49 had fin-
ished their childbearing, and thus had relatively complete information.

A majority of these women experienced their last births between ages
30 and 39. Another 2.6% completed childbearing between ages 45 and 49.

(It will be recalled that women aged 50 and older were not interviewed

in the survey, so no information is available about births occurring

beyond age 49.) N
Under the assumption that women aged 40 and older had completed

their childbearing, a test for differences between the last two cohorts

for the total group of women can be done. With the first two and the

last two categories combined, a chi-square with five degrees of freedom

(based on frequencies) of 40.12 is obtained, indicating a significant

difference inthe distribution of age at last birth between the two age

groups. This result, if the above assumption is true, could indicate .

an actual cohort difference,or it could mean that the assumption is

false--that women in the 40-44 age group had not completed their child-

bearing.

Urban and rural figures for the oldest cohort show that urban wom-

en tended to have their last children earlier chan rural women: about
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TABLE 2.2
PERCENTAGE DISTRIBUTION OF AGE AT LAST BIRTH BY CURRENT AGE

FOR WOMEN AGED 35 AND OVER

EGYPT, 1980
Current Age at Last Birth
Age
<15 15-19 20-24 25-29 30-34 35-39 40-44  45-49 N
A. Urban
35-39 0.2 0.9 8.5 19.8 45.2 25.4 - - 551
40-44 0.2 1.7 5.7 21.6 34.1 29.9 6.8 - 458
45-49 0.3 1.0 3.8 16.2 33.6 28.5 14.6 2.0 396
Total 0.2 1.2 6.3 19.4 38.3 27.7 6.3 0.6 1405
B. Rural
35-39 0.0 1.0 5.0 16.6 48.4 29.0 - - 735
40-44 0.2 1.1 4.1 11.3 26.1 42.9 14.5 - 560
45-49 0.0 1.9 3.4 9.5 24.9 35.2 21.9 3.2 474
Total 0.1 1.3 4.3 13.0 35.0 35.1 10.5 0.9 1769
C. Total
35-39 0.1 0.9 6.5 18.0 47.0 27 .4 - - 1286
40-44 0.2 1.4 4.8 15.9 29.7 37.0 11.0 - 1018
45-49 0.1 1.5 3.6 12.5 28.9 32.2 2.6 870
Total 0.1 1.3 5.2 15.8 36.5 31.8 0.8 3174

Source: 1980 Egyptian Fertility Survey.
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55% of the urban women had their last child by age 34, compared to 40% .

of the rural women. Again, with frequencies for the first two and the

last two categories combined, a test for residential differences in the

oldest cohort can be done. The chi-square with five degrees of freedom .
1s 24.23, indicating a significant difference between the distributions

for urban and rural women aged 45 to 49.

Table 2.3 shows mean age at last birth by current and childhood
residence and final parity for women aged 45 to 49. For all women and
for both urban and both rural subgroups, mean age at last birth is pos-
itively related to final parity. Figure 2.1 displays this relationship
graphically for the total group of women in this oldest cohort. This
result indicates that women in Egypt who end childbearing at older ages

tend to have large numbers of children.

For women with one or two children, the difference between urban
and rural childhood residence appears to be negligible. However, women
with current urban residence ended childbearing an average of about two
years later than current rural women (age 29.58 vs. 27.66). This re-
sult raises the question as to whether current rural women in this low
parity group tended to end childbearing because of some type of marital
dissolution (divorce, separation, or widowhood). In all other groups,
rural women had their last children later than urban women.

In figure 2.2 the percentage of women aged 45 to 49 having their
last births during various intervals is shown, with parity level con-
trolled. The distributions for women with 1-2 children and with 3-5
children are similar in_location, except that the former is flatter and

more spread out than the latter. The distribution for women with 6 or

more children is shifted to the right of those with fewer children, in-

dicating that women who end reproduction later tend to have more children.
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TABLE 2.3
MEAN AGE AT LAST BIRTH BY CURRENT AND
CHILDHOOD RESIDENCE AND FINAL PARITY FOR

WOMEN AGED 45 TO 49

EGYPT, 1980
Residence Final Parity
1-2 3-5 o+
Current
Urban 29.58 31.78 35.62
(7.961)2 (5.299) (4.737)
N=31 N=01 N=274
Rural 27.66 32.86 37.55
(7.906) (5.689) (4.382)
N=44 N=92 N=338
Childhood
Urban 28.26 31.34 35.73
(7.773) (5.057) (4.615)
N=45 N=92 N=262
Rural 28.74 33.31 37.40
(8.293) (5.793) (4.536)
N=30 N=91 N=350
Total 28.45 32.32 36.69
(7.933) (5.510) (4.641)
N=75 N=183 N=612

aFigures in parentheses are standard deviations.

Source: 1980 Egyptian Fertility Survey.
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Figure 2.3 shows mean age at last birth by age at first marriage,
for women aged 45 to 49. For women married at ages less than 25 years
there was little variation in mean age at last birth, the mean being
around 35 years of age. Women who were married at later ages, however,
ended childbearing, on average, at increasing older ages.

Figure 2.4 shows mean age at last birth for women currently aged
45 to 49, by number of years spent in the married state, without re-
gard to the number of times married. There appear to be two patterns,
one for women who spent less than 15 years in marital union and another
for those who were in union for more than 15 years. The former group
had their last births, on average, around age 31, while those in the
latter group tended to have last births between ages 33 and 35.

In table 2.4 mean age at last birth by number of times married and
status of the first marriage is given for women in the oldest cohort.
For these women the average age at the end of childbearing increased
with number of unions. This finding suggests that the women tended to
produce children by their new husbands.

There appears to be little difference in age at last birth between
women with intact first marriages and those whose dissolved first unions
were followed by remarriage. This apparent disparity with the above
result is because women who were married once include women with intact
first unions and also those with dissolved first marriages who had not
remarried. Women with dissolved first marriages who had not remarried
ended childbearing, on average, earlier than the other women.

Table 2.5 gives mean age at last birth by current and childhood
residence and education, for women aged 45 to 49. For the total group

of women, mean age at the end of childbearing is inversely related to
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TABLE 2.4

MEAN AGE AT LAST BIRTH BY NUMBER OF TIMES

MARRIED AND STATUS OF FIRST MARRIAGE

FOR WOMEN AGED 45 TO 49

21

EGYPT, 1980
Mean Age STD.
Characteristics N at Last Birth DEV.
Number Times
Married
1 741 34.98 5.791
2 122 35.41 .149
3-4 7 37.82 .859
Status of
First Marriage
Intact 596 35.77 .564
Dissolved §
Remarried 129 35.54 .095
Dissolved, No
Remarriage 145 31.71 .577
Source: 1980 Egyptian Fertility Survey.
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TABLE 2.5

| MEAN AGE AT LAST BIRTH BY CURRENT AND CHILDHOOD RESIDENCE
AND WOMEN'S EDUCATION

FOR WOMEN AGED 45 TO 49

EGYPT, 1980
Residence Education Level
I1literate Literate Primary Secondary +
Current
Urban 35.26 33.44 31.58 31.23
(5.602)2 (4.906) (5.087) (5.361)
N=251 N=82 N=28 N=35
Rural 35.87 33.78 32.49 -
(5.968) (5.058) (7.485)
N=445 N=22 N=7
Childhood
Urban 34.84 33.07 30.89 31.10
(5.956) (4.883) (5.221) (5.389)
N=255 N=81 N=29 N=34
Rural 36.12 35.05 35.97 35.50
(5.729) (4.817) (5.436) (-)
N=441 N=23 N=6 N=1
Total 35.65 33.51 31.76 31.23
(5.842) (4.916) (5.530) (5.361)
N=696 N=104 N=35 N=35

ar.. i .
Figures in parentheses are standard deviations.

Source: 1980 Egyptian Fertility Survey.
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level of education, although the difference between women with primary

and those with secondary or higher education appears to be small. (See
also figure 2.5.) This trend is visible for women currently living in

both urban and rural areas. Within the individual categories of educa-
tion, however, differences between current urban and current rural re-

sidence are negligible.

When the data are examined by childhood place of residence, the in-
verse relationship between age at last birth and education for urban
women still exists, except that women with primary and those with sec-
ondary or higher education show little difference. Education tended to
make the least difference in age at last birth for women with childhood
residence in rural areas. When education is controlled, women with ru-
ral childhood residence tended to end childbearing later than those
with urban residence, and the differences are greater than the current
urban/rural figures. Obviously, there was some migration.

These findings suggest that while educational level can account
for current residential differences in age at last birth, it does not
account for all the childhood residential differences. One might then
speculate from these data about whether attitudes and values acquired
during childhood tend to override the effect of education.

Figure 2.6 shows mean age at last birth by women's years of form-
al schooling. The picture displays a general tendency for the mean age
at the end of childbearing to decline with an increase in the number of

years of education.

-.5> Reproductive Span

Reproductive span, computed in years, was obtained by subtracting

age at first birth from age at last birth. Ti. s, women who had had less
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than two children at the time of the survey were excluded from analysis. .

Also excluded were women who had had only two children which were twin
births.

Table 2.6 gives the percentage distribution of reproductive span
by current age and residence for women aged 35 and’over. The mode of
the distribution for the oldest age group among the total group of wom-
en was 15 to 19 years. The mode for urban women occurred at reproduc-
tive spans between 10 and 14 years in length, with spans of 15 to 19
years occurring second most often. The same was true for women of cur-
rent age 40 to 44. For rural women, the mode occurred at spans of from
15 to 19 years, for both women 45 to 49 and 40 to 44 years of age.

As before, a test for differences in distribution between the last

two cohorts of the total group can be done. With frequencies for the

last two categories combined, the chi-square with five degrees of free-
dom is 35.96, indicating a significant difference between the two co-
horts. Again, this result can indicate either a true cohort difference,
if the younger cohort had completed childbearing, or it may indicate
that women in the 40 to 44 age group had not yet had all their children.

A comparison between the urban and rural distributions for the
oldest cohort also can be made. With frequencies combined as before,
a chi-square with five degrees of freedom equal to 18.68 is obtained,
indicating significant differences between the distributions of repro-
ductive span by current residence. This result and the above urban/
rﬁral comparison connote that rural women tended to experience longer
spans of childbearing than did women in urban areas.

In table 2.7 mecan reproductive span by current age and parity is

given for women aged 35 and over. For the three age groups, the mean



TABLE 2.6
PERCENT DISTRIBUTION OF REPRODUCTIVE SPAN BY CURRENT AGE
FOR WOMEN AGED 35 AND OVER

27

EGYPT, 1980
Current
Age Reproductive Span
<5 5-9 10-14 15-19 20-24 25-29 30+ N
A. Urban
35-39 15.3 22.0 30.6 27.5 4.2 0.4 - 523
40-44 8.6 20.9 31.1 26.1 11.9 1.1 0.2 444
45-49 5.5 15.8 28.2 26.1 20.6 3.7 0.0 379
Total 10.3 19.9 30.1 26.6 11.4 1.6 0.1 1346
B. Rural
35-39 6.0 14.5 34.6 38.5 6.5 0.0 - 712
40-44 4.9 13.0 24.3 32.8 23.5 1.5 0.0 548
45-49 4.0 9.8 22.0 32.4 ©25.1 6.2 0.7 451
Total 5.1 12.8 28.0 35.1 16.8 2.1 0.2 1711
C. Total
35-39 10.0 17.7 32.9 33.8 5.5 0.2 - 1235
40-44 6.6 16.5 27.3 29.8 18.3 1.3 0.1 992
45-49 4.7 12.5 24.8 29.5 23.0 5.1 0.4 830
Total 7.4 15.9  28.9 31.4 14.4 1.9 0.2 3057

Source: 1980 Egyptian Fertility Survey.
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TABLE 2.7
MEAN REPRODUCTIVE SPAN BY CURRENT AGE AND PARITY FOR
WOMEN AGED 35 AND OVER

EGYPT, 1980
Current Parity (No. Children)
Age 2 3-5 6+
35-39 3.598 9.600 15.588
(3.077)2 (4.087) (3.342)
‘N=79 N=410 N=746
40-44 . 3.646 10.012 17.028
(2.705) (4.214) (4.320)
N=52 N=260 N=680
45-49 6.929 10.418 18.091
(5.989) (4.791) (4.800)
N=35 N=183 N=612

aFigures in parentheses are standard deviations.

Source: 1980 Egyptian Fertility Survey.
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span of childbearing showed a positive relationship with parity. This
result is as expected, and is shown graphically in figure 2.7 for women
45 to 49 years of age.

Table 2.8 gives mean reproductive span by current age and age at
marriage for women aged 35 and over. The average span shows an inverse
relationship with age at marriage for the three cohorts of women. This
relationship is portrayed graphically for women in the oldest cohort in
figure 2.8. In figure 2.9 mean reproductive span is plotted by age at
first birth for women 45 to 49, indicating also a negative relationship.
Since length of reproductive span is positively related to parity, these
results corroborate the contention that early age at marriage tends to
produce large family sizes.

Figure 2.10 shows mean reproductive span by age at last birth for
women 45 to 49 years of age. A positive relationship emerges.

Table 2.9 gives the same data by current marital status for women
aged 35 and over. Women currently married at the time of the interview
experienced longer reproductive spans, oﬁ average, than did those in
the other status groups. Those widowed showed the next longest spans,
while those who were divorced tended to have the shortest reproductive
spans.

Another measure of marital experience is presented in table 2.10,
which gives mean reproductive span by current age and years spent in
the married state for women aged 35 and over. The mean span tended to
increase with the number of years spent in marital union. This trend,
not unexpected, is portrayed graphically in figure 2.11 for women in
the oldest cohort.

Table 2.11 contains data on mcan span of childbearing by the status
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TABLE 2.8

MEAN REPRODUCTIVE SPAN BY CURRENT AGE AND AGE AT MARRIAGE

FOR WOMEN AGED 35 AND OVER

31

EGYPT, 1980
Current Age at Marriage -
Age <15 15-19 20-24 25-29 30+
35-39 15.526 13.059 9.459 5.708 2.861
(4.743)a (4.605) (3.930) (2.696) (2.211)
N=348 N=634 N=197 N=50 N=6
40-44 17.264 14.624 12.023 7.011 3.871
. ‘ (5.365) (5.374) (4.728) (3.446) (2.732)
N=271 N=517 N=147 N=46 N=11
45-49 18.541 16.160 11.996 8.552 6.555
(5.495) (5.566) (5.489) (4.232) (3.957)
N=257 N=414 N=123 N=27 N=9

A . - .
Figures in parentheses are standard deviations.

Source: 1980 Egyptian Fertility Survey.
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TABLE 2.9
MEAN REPRODUCTIVE SPAN IN YEARS BY CURRENT AGE AND

CURRENT MARITAL STATUS FOR WOMEN AGED 35 AND OVER

35

EGYPT, 1980

Current Current Marital Status

Age Married Widowed Separated Divorced

35-39 13.121 10.407 11.129 9.009
(5.038)% (5.241) (5.336) (5.839)
N=1110 N=96 N=18 N=11

40-44 14.943 12.116 9.861 9.775
(5.706) (5.500) (6.888) (5.132)
N=856 N=107 N=20 N=9

45-49 16.509 14.072 12.208 10.547
(5.946) (5.599) (9.160) (7.606)
N=663 N=141 N=16 N=10

A - . . .
Figures in parentheses are standard deviationms.

Source:

1980 Egyptian Fertility Survey.
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TABLE 2.10
MEAN REPRODUCTIVE SPAN IN YEARS, BY CURRENT AGE AND YEARS SPENT
IN THE MARRIED STATE FOR WOMEN AGED 35 AND OVER

EGYPT, 1980
Current Years Spent in Married State
Age <5 5-9 10-14  15-19 20-24 25-29 30-34 35+

35-39  1.917  5.511 8.417 12.167 15.353 17.504
(1.165)% (3.369) (4.037) (4.336) (4.187) (4.535)
N=4 N=45 N=174  N=482 N=471  N=59

40-44 2.972 5.609 8.491 11.060 14.342 16.728 19.545

(0.966) (3.943) (4.375) (5.014) (4.709) (5.326) (6.032) [ B
N=3 N=23  N=56  N=123  N=370  N=376 N=41

45-49 7.167 6.972 9.025 11.012 13.252 15.828 18.477 17.96%3
(8.014) (7.025) (5.354) (5.014) (5.389) (5.770)  (5.193) (5.807)
N=2 N=12 N=17 N=49 N=111 N=315 N=297  N=27

A - . . R
Figures in parentheses are standard deviations.

Source: 1980 Egyptian Fertility Survey.
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TABLE 2.11
MEAN REPRODUCTIVE SPAN BY CURRENT AGE AND STATUS OF FIRST MARRIAGE FOR
WOMEN AGED 35 AND OVER -

EGYPT, 1980
Current Status of First Marriage
Age Intact Dissolved § Dissolved, No
Remarried Marriage
35-39 13.10 13.03 9.90
(4.964)2 (5.471) (5.493)
N=997 N=138 N=100
40-44 15.01 14.00 11.48
(5.709) (5.767) (5.523)
N=770 N=106 N=116
45-49 16.41 16.73 13.13
(6.021) (5.668) (6.021)
N=575 N=122 N=133

ap. . .
Figures in parentheses are standard deviations.

Source: 1980 Egyptian Fertility Survey.
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of the first marriage, for women aged 35 and over. For the three groups
of women, those whose first marriages were dissolved and who had not re-
married had spent fewer years in childbearing, on average, than the
other women. There appears to be very little difference between women
with intact first unions and those who remarried. This result could
mean that women who remarried tended to do so quickly, so that they lost
little time of exposure to pregnancy. Or, this finding could be typical
of countries such as Egypt which have high birth rates.

Table 2.12 gives mean reproductuve span by current and childhood
residence, for women aged 35 and older. Current urban women experienced
an average childbearing span of 13.091 years, compared to 15.091 years
for current rural women. This difference of two years is statistically
significant (the normal variate z is approximately 9.6). Childhood
residential differences were slightly smaller, 13.225 versus 14.977,
but also statistically significant (z equal to 8.4).

Mean reproductive span is shown in figure 2.12 by level of educa-
tion for women aged 45 to 49. Advancement to each higher educational
level tended to occur with shorter times spent in childbearing, with
the briefest period occurring for those with secondary or higher educa-
tion. Figure 2.13 gives the same information by years of education,
again showing a general tendency for time spent in childbearing to de-

cline with higher education.

2.4 Conclusion

The preceding descriptive statistics and graphical displays have
provided a first glimpse at the EFS data on a mostly univariate basis.
In cases where no statistical testing was done, it may be found that

some apparent relationships prove to be stati. ically insignificant
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TABLE 2.12
MEAN REPRODUCTIVE SPAN IN YEARS BY CURRENT AND CHILDHOOD
RESIDENCE, FOR WOMEN AGED 35 AND OVER

EGYPT, 1980

Residence N Mean STD. DEV.
Current

Urban 1346 13.091 5.8808

Rural 1711 15.091 5.5141
Childhood

Urban 1338 ' 13.225 5.9064

Rural 1719 14.977 5.5316

Source: 1980 Egyptian Fertility Survey.
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and vice versa. Formal determination of relationships, while other vari-

ables are controlled, and testing of hypotheses will be done with statisti-

cal models in chapters III and IV.
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CHAPTER III
MATERNAL AGE AT LAST BIRTH

3.0 Introduction

Research on the timing of fertility events has concentrated on the
beginning of the reproductive period. Numerous studies in the litera-
ture are concerned with analysis of age at marriage or maternal age at
the birth of the first child (e.g., Bulatao (1984), El-Guindy (1971),
Kafafi (1983), Kiernan and Diamond (1983), Population Reports (1979),
Trussell and Bloom (1983)). Both of these variables have important so-
cial and demographic relevance, and the latter is particularly conse-

quential regarding maternal and child health. Likewise, as indicated

in chapter I, the age at which women tend to have their last child can
be a material factor in social, demographic, and health studies--espe-
cially in developing countries, such as Egypt, which experience rapid
population growth and high maternal and perinatal mortality rates at
the older maternal ages.

In this chapter, two methods of study are applied to the topic of
maternal age at last birth. In the first approach, which is termed di-
rect modeling, hazards regression models are employed to assess the ef-
fects of independent variables on the hazard of the last birth. A re-
' gression-type method is appropriate if detailed micro-level data are
available. This analysis is supplemented by hazard modeling without
covariates. Afterward in what may be called indirect modeling, a pro-

cedure is shown for deriving an estimate of the mean age at last birth .
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for the population of interest, when detailed information is not at hand.

3.1 Direct Modeling

The Egyptian Fertility Survey dataset contains the date of birth
of each child for every woman interviewed, as well as each woman's date
of birth and age at interview. Thus, a variable called age at last
birth could be computed and modeled directly.

The hypotheses that were tested were the following:

1.) women who are well educated have a greater probability of
ending childbearing early than women with less education;

2.) women in rural areas have a higher probability of having their
last children at older ages than urban women;

3.) marital disruption without remarriage lowers the probability
of older maternal age at last birth; and

4.) marital disruption with remarriage increases the probability
that a woman stops reproducing at an older age.

For the sake of simplicity, marital disruption only with respect
to the status of the first marriage was considered. A first union was
considered to be dissolved if a woman said that she was divorced, wid-
owed, or separated, the definition used by CAPMAS.

Since the date of age at last birth is more accurate for women in
the 45-49 age cohort, as almost all of these women had finished child-
bearing, a model was developed for the 870 women in this group only.

To model the effects of the independent variables on the hazard of last
birth occurring at age t, a proportional hazards or Cox regression model
(Cox, 1972) was applied. This model was originally developed for the
analysis of life table or survival data in which time to failure may
be either observed (complete), or not observed by the end of the follow-
up (censored). In the present study, the birth of the last child may

be thought of as the failure or the event being watched for, and the wom-
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an's age at this event as the "survival time." Follow-up, then, be-
gins at birth. Since data only for women aged 45 to 49 were analyzed,
and the assumption is made that this group of women had finished child-
bearing, all failure times, or ages at last birth, are treated as com-
plete observations.

The hazard that a woman with given characteristics will have her
last birth at age t is given in a proportional hazards form as

zZB
A(t,g) = Ao(t)e~~ (3.1)

where t is the age at last birth, z is the vector of the independent
variables, B is the vector of regression coefficients, and Ao(t) is
an unknown baseline hazard function of t. Alternatively, model (3.1)

may be written as
IA(t,2)/Ay ()] = 28, (3.2)

which allows interpretation of the coefficients in the usual regression
sense. Model (3.1) contains implicitly three assumptions:
1.) at each age t there is a risk of the last birth occurring
that applies to all women in the analysis population with a
given covariate vector Z;
2.) the relationship between the underlying hazard function and
the log-linear function of the covariates is multiplicative
(the proportionality assumption); and

3.) the independent variables have a log-linear effect upon the
hazard function.

The effects of age at first marriage and parity (number of child-
ren ever born), both of which are known to influence age at last birth,
were controlled for in the analysis. Women's years of schooiing was
used to measure the effect of education.

Effect coding was used for the residential and marriage indicator

variables. Rural residence was given a code of 1, while urban resi-
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dence was given a value of -1. If the first marriage was still intact
at the time of the interview, the variable MAR1 was coded 1 and MAR2
coded 0. If the first union was dissolved and the woman had remarried,
then the variable MARZ was coded 1 and MAR1, 0. The omitted category--
those with dissolved first marriages who had not remarried--was given
a value of -1 for both variables. This coding allows interpretation
of the regression coefficients as deviations from the overall mean.

All covariates were treated as baseline.

High correlation among independent variables introduces multicol-
linearity 1nto a regression model, and thus instability of the para-
meter estimates. Spearman's correlation coefficients for the independ-
ent variables appear in table 3.1. None of these variables are highly
correlated with any other, except for the indicator variables repre-
senting marital experience, which have a correlation coefficient of
-0.615. Since this degree of correlation is borderline for exclusion
from the model, and because the effects of these variables are measured
to test the hypotheses about marital disruption, these variables were
retained in the model.

Coefficients for model (3.2) were estimated by program P2L (Re-
gression with Incomplete Survival Data) in the Biomedical Data Proces-
sing package (Dixon, 1983). The conditional probability that a woman
with covariate vector zZ; has her last birth at time tos given that a
singlelast birth occurs at ts and given the set Ri of women at risk
just before to, is given as

egig/ ) eEj~B . (3.3)

jeRi

The partial likelihood function, due to Cox (1975), is obtained by mul-
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TABLE 3.1
SPEARMAN CORRELATION COEFFICIENTS FOR INDEPENDENT VARIABLES
FOR WOMEN AGED 45 TO 49

EGYPT, 1980
Variables AGEMAR PARITY  WYRSED  RESIDENCE  MARL  MAR2
AGEMAR 1.0000
PARITY -0.3656 1.0000
WYRSED 0.1231 -0.1419  1.0000
RESIDENCE -0.0813  0.0839  -0.2869 1.0000
MAR1 0.1287  0.2080  0.1124 -0.0334 1.0000 .

MAR2 -0.1858 -0.1263 -0.0950 0.0177 -0.6154 1.0000

Source: 1980 Egyptian Fertility Survey.
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tiplying (3.3) for each of K distinct ages at last birth, and is writ-
ten as

K ZiB z.B

o (e ] eIy (3.4)

L(g) =
b i=1 jeRi

The parameter estimates obtained by maximization of (3.4) have proper-
ties similar to those of maximum likelihood, e.g., asymptotic normal-
ity.

When there are ties among the ages at last-birth, P2L maximizes

the approximate likelihood, according to Breslow (1974). This function

Z.B mi
§oe i (3.5)
sti

where m, is the number of last births occurring at age t., and s, 1is

is defined as

K s.B
L(B) = I [e~1~/

1=1

a vector of sums of the covariate values of m. women. (Since measur-
ing age at last birth in completed years for 870 women would result in
a large number of ties, age as a continuous variable was used to mini-
mize tied ages.)

The global chi-square statistic for testing the hypothesis that

all coefficients are zero is defined as
U @1 (U0 (3.6)

where U(Q) is the vector of first derivatives of the likelihood func-
tion evaluated at g=0, and I(Q) is the observed information matrix
when B = 9.

To check the proportionality assumption, strata for independent

variables which are suspected to have nonproportional effects upon

the hazard function can be defined, and the log minus log survival
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function &n[-2nS(t;z], where z is the mean of the covariates, can be

R exp(Eé) .

plotted. (g(t;g) is estimated as [So(t)] 7 .) 1If the proportion-

ality assumption is met, this plot should show constant differences
between strata, i.e., roughly parallel curves1 (Kalbfleisch and Prentice,
1980). Figure 3.1 igves this plot by current residence, since it was
suspected that any nonproportional effect would come from this vari-
able. There is no strong suggestion from this picture that the pro-
portionalitybassumption does not hold.

To check the goodness of fit of the model, the cumulative hazard
function of the residuals is plotted against the residuals themselves.
If the model fits the data perfectly, the plot should be a straight
line of unit slope (Kay, 1977). Figure 3.2 exhibits this plot, done

as a matter of convenience by current residence. This graph attests

that the Cox regression model is a reasonably good fit to the data.

Table 3.2 presents a summary of the results from the regression.
The global chi-square statistic indicates that a regression relation
exists between the set of covariates and the hazard of last birth--
that is, all coefficients are not identically zero. P-values for test-
ing the statistical significance of the coefficients were computed by
the likelihood ratio, score, and Wald statistics (see Cox and Oakes
(1984), Kalbfleisch and Prentice (1980), and Wald (1943)).

A word on interpretation of the parameter estimates may be in or-
der here. The coefficients express the effects of the independent var-
iables upon the hazard or probability of last birth occurring at age

X. A positive coefficient increases the hazard of last birth, and

1This condition of parallelism is not strictly appropriate, since,
in general terminology, S(0) = 1 and S(») = 0 for both curves. That is,
the curves should tend to converge toward the lower and upper age limits
of reproduction.
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FIGURE 3.2
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thus indicates that the last birth tends to occur earlier as the value

of the covariate increases. Put another way, a positive coefficient
signifies a negative relationship with "survival' time or age at last
birth. A negative coefficient has the opposite meaning.

Table 3.2 shows that all coefficients are significant, except the
coefficient for women with intact first marriages (MAR1). The posi-
tive coefficient for WYRSED indicates that women with more years of
schooling have a greater probability of ending childbearing early than
women with less education. In other words, women with little educa-
tion tend to have their last children at older ages than other women.
This result was expected.

The negative residential (RESIDENCE) coefficient indicates that
current residence in rural areas (rural is coded 1) tends to reduce

the hazard of last birth, meaning that rural women tend to have their

last children at ages significantly older than the overall average age
at last birth. Current residence in urban areas (coded -1) has the
opposite effect. Again, these findings were expected.

As mentioned earlier, the coefficient for those with intact first
marriages (MAR1 coded 1) is not significant, meaning that the mean age
at last birth for this group of women is not much different from the
overall mean. This finding is as anticipated, since the vast major-
ity of the women analyzed belong to this category.

The negative coefficient for MARZ, or women with dissolved first
unions who had remarried, indicates that this group of women tended
to end childbearing at ages significantly older than the overall aver-

age age at last birth. This result suggests that these women had child-

ren by their new husbands.
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For the omitted category, those with dissolved first marriages
who had not remarried, the coefficient and its standard error, were
calculated and are given in table 3.2. This parameter estimate 1in-
dicates that this group of women had a higher probability of ending
childbearing early than did other women. This result also 1s not
surprising, and suggests that these women tended to end their mar-
riages before passing through the childbearing period, thus cutting
short their time spent in reproduction.

The variables controlled for, age at marriage (AGEMAR) and final
parity (PARITY), had highly significant negative coefficients. That
is, as age at marriage and number of children ever born increased, so
did the '"survival' time or the age at last birth.

It was mentioned before that all the covariates used in model
(3.1) were considered to be baseline information. For the variable
PARITY this treatment is equivalent to knowing each woman's final par-
ity at the time that follow-up begins. Since the value of PARITY
changes often during follow-up for women with large numbers of child-
ren, 1t was decided to modify the proportional hazards model by let-
ting PARITY assume the values 0, 1, 2, 3, 4, and 5+ successively as
women progressed from one parity to the next.

Model (3.1) then was revised as
NENIOMERWOISE (3.7)

where z(t) denotes the covariate vector at time t. This revised mod-
el contains both the time-dependent covariable PARITY and the remain-
ing fixed covariates of model (3.1). It will be noted that model (3.7)

1s not a proportional hazards model as (3.1), since the covarilate vec-
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tor z now changes with time.

Table 3.3 presents the results from fitting model (3.7) to the
data for women aged 45 to 49. The significance and the signs of the
coefficients remained the same as those for the previous model, shown
in table 3.2. Only slight changes in magnitude of coefficients are ob-
served. Thus, treating PARITY as time-dependent did not change any
conclusions made from fitting model (3.1).

Relative risks for the categorical variables may be determined
from table 3.3. The relative risk of having the last birth for urban
Compared to rural women may be written as Ao(t)exp(-84)/XO(t)exp(84),
or exp(—284). That is, urban women were 1.31 times as likely to have
the last birth by age x as rural women.

The relative risk of last birth occurring by age x for women with
intact first marriages (MAR1), compared to those who had not remarried
(MAR3), 1is exp(ZB5 + 86) = .52. The relative risk for those with in-
tact first marriages (MAR1), compared to those who had remarried (MAR2),
1is exp(BS - 86) = 2.38. For women who had remarried (MAR2) compared
to those who had not (MAR3), the relative risk is exp(BS + 286) = 0.22.

The preceding results from the hazards models indicate that the
hypothesized effects were as anticipated. It is emphasized again that
the definition of marital dissolution includes unions ending by widow-
hood and separation, so that inferences based upon these results will
apply to the general state of marital dissolution and not just to the
event of divorce. However, for those who experienced dissolution and
remarriage, it can be concluded that their effect on the probability
of last birth was due to either widowhood or divorce.

In conjunction with the above Cox regression analysis, hazard mod-
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eling without covariates was done on one subgroup of the 45-49 cohort

at a time. The survival distribution was estimated by program BMDP1L
(Dixon, 1983) via the actuarial life table method. Again, all obser-
vations were assumed to be complete. From this analysis it was pos-
sible to obtain cumulative life table probabilities of last birth oc-
curring by various age intervals. These probabilities and the median
ages at last birth are given in table 3.4.

The median, or the age by which half of the women in the sample
had had their last birth, is a convenient point of comparison. The
median age at last birth was about two years older for rural compared
to urban women (36.47 versus 34.29 years of age).

Illiterate women had the oldest median age at last birth of the

education groups. Their median was 36.23 years of age, compared to

median ages of 33.78 for literates, and 30.95 for women with at least
a primary certificate.

There was very little difference between median ages at last birth
for women with intact first marriages and those whose first unions were
dissolved and who had remarried. Median ages for these groups were
36.31 and 36.08 years, respectively. Women with dissolved first mar-
riages who had not remarried had the lowest median age at last birth
of the three groups--32.34 years of age.

The median age at last birth increased with final parity. Women
whose completed family size was 1-2 children had a median age at last
birth of 28.83 years. From there the median increased to 30.74 years
for women who ended with 3-4 children, to 36.47 years of age for those

who had 5 or more children.

Women who were married at ages less than 25 years had a median ‘



59

(6570 ) (1250°) (z8¢0") (08z0°) (9¢10°) (0000°) potraIEWSY 10U
A4S IvzL: psog” 0rst” 9.20" 0000 " § POATOSSE(Q
(sg0 ) (6610°) (z1507) (ssv0°) (¢vs0°) (5810°) (¢¢10°) (0000°) patiIRUDY
80 9% LSY6° v.9L" y9zv* 098T" S9%0° $cz0° 0000° b paatossiq
(670 ) (9900°) (LL107) (z0z0°) (v¥10°) (#2£00°) (v+00°) (0000°)
1¢°9¢ AN LISL® ITLy” SYYT” 9¢s0 " L110° 0000 " 30R1UT
o8eTadeN 1SIT]
30 smels
(¢e 1) (Zv10°) (8050°) (zz50°) (y650°) (08s0") (0000°) (0000°)
S6°0¢ LS86° 9876° 62vL" 62hb " SHIT® 0000 " 0000 " + Axeurrag
(z9°0 ) (6Lv0°) (1480°) (0120°) (s¢10°) (0000°)
8L°S¢ 8509° 1¢LT” 180" Z610° 0000° 91819117
(L£7°0) (9900°) (£910°) (,810°) (9¢10°) (6,00°) (6%00°) (0000°)
$7°9¢ ¥896° ehSL: L9TY" 60ST" 09%0 " ZL10” 0000° 91BI9ITTT]
uotiesnpyg
S Usuioy
(zvvo)  (os00°)  (6610°)  (szzo°) (¢910°)  (£0T10°) (£900°) (0000°) ,
LY 9¢€ v896° 68VL" 996¢ LLYT" £ZS0° 0610° 0000° TRy
(zv°0 ) (1£007) (,8107) (0sz0°) (s0z0°) (0110°) (9s00°)  ,(0000")
67" VS 86.6° geeg” 08vsS* 1212° S0S0° 9710° 0000° ueqaq
wucwﬁﬂmom
JUBIINY
URTPIN 6v-St vy-0v 65-SS v$-0S 62-SZ v2-02 0Z> SOT3STIODRIBY)
0861 ‘1dA99
6t OL St OV
NAWOM ¥Od TVAMHINI 49V 40 ONINNIDFE A9 ONIWINDDO0 HI¥IL ISVT 40 SAILIIIEvA0odd TTdvL 41T JALLVINWND
v'g A9Vl



60

‘Aoarng A11112104 uetidA8g ogeT 1921n0g

"SUOTIBTASD plepuels ale sasoyjuaded ur mopsmﬂmm

(9¢°0 ) (¥S00°) (6£10°) (6910°) (6210°) (5L00°) (£v00°) (0000°)
v5°s¢ 9¢.6° v.8L" SS9p° 0LLT" L1S0° 1910° 0000° 18310
(66°0 ) (Zvs0°) (S%90°) (S¥90°) (Zvs0-) (0000°)
0S° LS 886" SYIL® LS8Z" Z190° 0000° +G7
(870 ) (¥S00°) (Zv10°) (P210°) (s¢10°) (6£00°) (sv00°) (0000°)
8¢°S¢ 95.6° LT6L" 9.1 6€8T" 850" 1.10° 0000° SZ>
agetaaepn
1e a3y
(vs°0 ) (2900°) (¢910°) (5810°) (z110°) (2£00°) (0000°) (0000°)
Ly°9¢ L2L6" Z8SL” SY6S” 9.60° 2.00° 0000° 0000" +S
(sz'1) (¢v10°) (LL20°) (9vt0°) (£0S0°) (£5¢0°) (0000°) (0000°)
v.°0¢ 96.6° v816° LYSL® 7657° 6ZvT" 0000 ° 0000 " p-¢
(6,°1) (9810°) (8820°) (£8t0°) (5£50°) (0SS0°) (0sv0°) (0000°)
£8°82 ISYAN £SS6” gSLL” L9bS* L9YS " L98T" 0000° 7-1
A3taed
UBTPOp 6v-Sv vy-0v 6S-5¢ v$-0¢ 62-S2 vZ-0¢ 0Z> SOI3ST1930BIRY)

(ponuriuod) p¢ JIAVL



61

age at last birth of 35.38 years. For those who were married at age
25 or older, the median age was 37.50 years.

The observed median age at last birth for the total sample of wom-
en aged 45 to 49 was 35.54 years.

In this section the hazard of last birth was modeled directly be-
cause age at last birth was known for each woman in the dataset. In
the following segment, a method is demonstrated for obtaining a summary
estimate of age at last birth, when the only available information is a

set of age-specific fertility rates and a life table for women.

3.2 Indirect Modeling

If data on the age at the birth of the last child for each woman
under study is not available and cannot be derived, age at last birth
can be modeled indirectly from age-specific fertility rates. This pro-
cedure yields an estimate of the mean age at last birth for the popula-
tion of interest.

In the following derivations, it is assumed that birth and death
processes are independent. Let m(x)dx denote the probability that a
woman of age x will have a birth in the age interval (x,x+dx), and al-
so assume that m(x) is a continuous function. The symbols o and B re-

present the lower and upper ages, respectively, of childbearing, so

-8 m(ryde
that m(x) = 0 for x < a and x > B. Then e is the probabili-

ty of not having a birth after age x. Further let £(X) denote the pro-
bability that a newborn girl survives the age x. The total fertility
rate TFR = fﬁ m(t)dt, and the cumulative fertility up to age x TFR(X)

X
= fa m(t)dt.

Let gL(x) be the probability that a woman will have her last child
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at age x. Then

X+y B
8-x -/ m(t)dt -£ m(t)dt
g (x) = 2(X)m(X)[;6 Qéx; u(x+y)e dy + i i e
I || | |
fora < x < B C
= 0 otherwise, (3.8)

where u(x+y) denotes the force of mortality; part A of (3.8) is the
probability of dying at age x+y; B is the probability of no addition-
al birth until death; and part C is the probability of surviving to

age B without an additional birth. Expression (3.8) can be rewritten

as
X+y B
g-x ~ f m(t)dt - / m(t)dt
g (x) = m(x) é e L(x+y)u(x+y)dy + m(x)&(8)e
. - _ -d2(x+y)
Since u(x#y)dy = -d log [LCey)] = M.
X+y B
8 -/ m(t)dt - [ m(t)dt
-X X X
g (x) =mx) [ e (-de(x+y)) + m(x)2(B)e
0
Integration by parts gives
= ~1a. —
X+y B-x X+y
- / m(t)dt 3- - [ m(t)dt
X X X
g, (x) =m(x){| - e L(x+y) - 6 2(x+y)m(x+y)e
- —y=0
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B
- £ m(t)dt
+ m(x)L(B)e
X+y
8 - /[ m(t)dt

_x X
= L(x)m(x) - m(x) S L(x+y)m(x+y)e dy .

0

A linear transformation of the integrating variable gives

y
8 -£ m(t)dt
g (x) = QCX)m(X)-m(X)il(y)m(y)e dy foro <x <8

(3.9)

0 otherwise.

The probability that a newborn girl will ever have a last birth
is also the probability that she will ever become a mother (if she has
only one child, then her first child is also her last). This probabi-

lity (< 1) is written as

X
8 - [/ m(a)da
a

S1 = [ L(x)e m(x)dx, (3.10)
x=0,

(see equation 4.3).

Then mean age at last birth is

B
I x gL(x)dx
A = x=a (3.11)
S
1
Y
8 8 8 - [ m(t)dt
X
JoxA(xX)m(x)dx - S xm(x) S 2(y)m(y)e dydx
_ x=a X=a y=x
51
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Changing the order of integration gives

Yy X
. 5 -/ m(t)dt y / m(t)dt
a
S xA(xm(x)dx - S 2(y)m(y)e dy / xm(x)e o dx
X = X=o Y=o X=0
L S
1
Yy X Yy X
8 8 - /m(t)dt /m(t)dt y /m(t)dt
I xe(x)m(x)dx - [ L(y)m(y)e @ dy xe® -7 @ dx
- X=Q y=a o X=0
51
Yy Yy X
8 8 - /m(t)dt /m(t)dt /m(t)dt
S xeOmX)dx - S 2(y)m(y)e © dy| lye” ~al- e dx
_ X=a y=a , X=0,
sl
which simplifies to . .
y y b
3 8 - /m(t)dt -/m(t)dt y /m(t)dt
) a
S x(x)m(x)dx - S 2(y)m(y)dy|y-ae * e @ J e dx
. X=a y=a a
51
Y Yy X
8 - /m(t)dt 8 - ém(t)dt y E/)'Lm('c)dt
o S aymiye T dy + T am(ye dy 7 e dx
- _y=a y=0o X=a
51
y Y X
8 - ém(t)dt 8 - é’m(t)dt ém(t)dt
a S 2(y)m(y)e dy + /S a(y)m(y)e e dxdy
= _JQ Y=o X=Q
S

1
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y y x
-/m(t)dt -/m(t)dt /m(t)dt
B o g a Y a
a S L(y)m(y)e dy + J 2(y)m(y)e Je dxdy
_ _y=a y=a X=Q
51
y
-/m(t)dt
B a
J a(y)m(y)e by (y)dy
A =oa+ y= (3.12)
S
1
X
y /m(t)dt
where wl(y) = [ e ¢ dx. Expression (3.12) may be viewed as a
X=0,

weighted average of wl(y), with weight being the number of women having
first birth at age y.
By the usual definition of variance, the variance of age at last

birth can be written as

vV, = X= - (A - (3.13)

The numerator of the left part of this expression can be expanded as

follows:

y

8 8 - [ m(t)dt
2 ; X

numerator = S x7[2(x)m(x) - m(x) S L(y)m(y)e dy]dx
X=q X
"
8 ) 3 , 3 - m{t)dt
= [ x200m(x)dx - S x'm(x) S (y)m(y)e dydx .

X=a X=a y=x
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Changing the order of integration gives '

y X
-/m(t)dt /m(t)dt
Numerator = J x“2(x)m(x)dx - / L(y)m(y)e dy / x'm(x)e dx
X=0, y=a =q,

and integration by parts yields

y e b ox ]
g -éf‘m(t)dt S m(t)dt y /m(t)dt |
o
= [ le(x)m(x)d.x - [ ay)m(y)e dy xzea - [ Zxe dx
T X=00 T y=a 0 X2
y y )
-/m(t)dt /m(t)dt
B 2 a 2 o 2
=/ x"2x)m(x)dx - S L(y)m(¥)e dy||y“e -a
X=q y=a
X
S m(t)dt
Y a
-2 /[ xe dx
=q
y y x |
-/ m(t)dt  -/m(t)dt  /m(t)dt |
8 2 8 2 2 G Q Y « i
= [ x7ex)m(x)dx - S L(y)m(y)dy|y“-a“e -2e 7 xe dx:
X=q y=a. X=q _i
Yy y X
8 -/m(t)dt 8 -/m(t)dt + /m(t)dt
a o

y
= o F aymeye & dy+2 /T xa(y)m(y)e xdy @
y=a. y=a X=a
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y y X
-/m(t)dt -/m(t)dt| y /m(t)dt
2B o B a a
=0 [ (y)m(y)e dy+2 J L(y)m(y)e I/ xe dx| dy .
y=a y=a X=q _J
Then
numerator 2
Vi, = - (A
Y
8 -/ m(t)dt
7 aym(y)e * 4
y=a
y
8 —é m(t)dt
ocz + 2/ 2(y)m(y)e S xeTFR(X)dx dy
y=a X=0, )
= - (K )
L
. S1
B
/g (N, (y)dy
2 y=a -2
Vp = ot ¥ 2 - (A (3.14)
51
y
where wz(y) = J xeTFR(X)dx.

X=a
Equations (3.12) and (3.14) give the general formulations when

mortality is taken into account. When the effect of mortality is not

considered (when 2(x) = 1 and u(x) = 0), expression (3.9) becomes

Y
3 -/ m(t)dt
SR OREOFEI oL : dy
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y
B -/ m(t)dt
=mx) - mx) / - d(e X ) dy
x
B
-/ m(t)dt
= m(x) + m(x) eX -1
B8
-/ m(t)dt
gLNM =m(x) e x . (3.15)

Then mean age at last birth without mortality considered can be

written as

B8
8 -/ m(t)dt
X
S xm(x)e dx
o
AL = ;
N -/ m(t)dt
8 X
S mx)e dx
o
B8
-/ m(t)dt
B X -
J xdle
a
B
8 -/ m(t)dt
X
S m(xX)e dx
a

Integration by parts gives

3 B
-)f( m(t)dt 8 -)fc m(t)dt
_ xe -fe dx
AI = * a
] ( B
" 3 -/ m(t)dt
[ dle X
X




69

B B
-/ m(t)dt -/ m(t)dt
(o} X

B-ae - e dx

2 -

8 8
-/ m(t)dt
X

c
o

B B8
-/ m(t)dt -/ m(t)dt
a X

B-ae - dx

QR ™
o

B
-/ m(t)dt

1—e0‘

B
B-ae FR_ se
a

A = . (3.16)
M 1 - ¢ TR

- (TFR-TFR(X) ) dx

The variance of age at last birth without mortality considered is

B 2
f x“g
LNM 2
Vi o= - (A )
I 8 Lam
8 -/ m(t)dt
S mx)e dx
a
B8
8 -/ m(t)dt
2 X
/S x™m(x)e dx
X=q _ 2
= - (A )
| TR Lt
- e
B
8 -7 m(t)dt
/ xzd e X
X=0, 2

- TFR Inm
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8 B 8
-/ m(t)dt 8 -/ m(t)dt
2 X X
x“e - 2 xe dx 2
[0 [0 e
= - (A )
. TR Ly
8 ? (t)d p ( )d‘l d
- m(t)dt - m(t)dt X
) -é m(t)dt 8 3 o
B® - a“e - 2 [ xe 2
= & - (KL )
1 - ¢ THR NM
) B -(TFR-TFR(X))
BZ-aZeTFR-foe dx 2
a _—
V = - (A, ) (3.17)
L
I | . TR -

Computational formulas to approximate the general expressions for

the mean and variance of age at last birth are as follows:

-“TFR(X. . )
5, =1 “iLXi/IO e " mx,,) (3.18)
“TFR(X. .)
z[niin/ IOJ © 3 mx; Iy (xg,)
K=o+ (3.19)
L
51
and
“TFR(X. .)
2 Z[niin/ IOJ © T mee vy, 2
Vo= ol 42 - () (3.20)
51

where X;, 1s the midpoint of the age interval (x,x+ni); n; 1s the width ‘

of the age interval; m(xi+) 1s the age-specii ¢ fertility rate of the
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age interval;

Xi+
b (x;) = £ eTREgg (3.21)
Q
and
Xi+
bo(x5,) = /S 2R (2)gz (3.22)

TFR(X) is computed from the available age-specific fertility rates.
Since the value of TFR(X) is usually computed to the beginning of the

-TFR(X; ) -TFR(X))

s computed as the average of e and

age interval, e
éTFR(Xi+5).

Table 3.5 gives essential calculations for estimating the mean
and variance of age at last birth, with and without mortality taken
into account. The age-specific fertility rates (ASFR) are for the
twelve-month period 1979-1980, and were calculated directly from the
EFS dataset and the household schedule (CAPMAS, 1983 c). The data on
mortality, the SLx/lO column, were taken from a life table for Egyptian
women for the year 1976 (El-Madani, 1981), which is the latest life
table data available.2

In the presence of mortality, which can be seen from column (4)
to be quite high at the older ages, mean age at last birth for Egypt
is 36.96 years. (This figure compares to 35.06 as the observed mean
age at last birth for the 45-49 cohort of women in the EFS.) When
mortality is not considered, the estimated mean is 36.76 years--only
slightly younger than above. This example demonstrates that even

when the mortality level is high, taking mortality into consideration

2New life table information will not be vailable until the 1986
census 1is conducted and population size by age is detemmined. There
have been no surveys to estimate this information since 1976.
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does not make much difference in the estimate of mean age at last birth.
Thus, using the simpler approximation to formula (3.16) may be justi-

fied.

3.3 Conclusion

In section 3.1 hazards models were fitted to the data, to estimate
the effects of the independent variables on the hazard of last birth.
This could be done because direct observations on the age at last birth
for each womén under analysis could be computed.

When such detailed information is not available, an alternative
is to evolve a summary estimate of the mean age at last birth for the
population of interest. In section 3.2 theoretical expressions for the
mean and variance of age at last birth were derived, with and without
mortality taken into account. With only age-specific fertility rates
and a recent abridged life table for women assumed available, theore-
tical expressions to compute estimates of the means and variances of
age at last birth for Egypt were approximated. An extension of this
indirect modeling can be done if age-specific fertility rates, and per-
haps 1life table information, are available by population subgroups.
Then the formulas used in the indirect modeling can be used to coﬁpare
subgroup means.

In fitting the hazards models, data only for the oldest cohort of
women were used, in order to more accurately measure the ages at last
birth: The results, then, apply only to women of that cohort. No in-
ference can be made about women in the younger age groups, unless their
fertility and mortality experiences resemble those of the older women.

In the indirect modeling of age at last birth, cross-sectional

data on fertility and mortality were used for all cohorts of women in
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the childbearing ages to compute a summary measure for Egypt. The es-
timate of mean age at last birth thus obtained yields the expected age
at the end of childbearing for a new cohort of women, under the assump-

tion that they experience the current fertility and mortality conditions.




CHAPTER IV

REPRODUCTIVE SPAN

4.0 Introduction

As with maternal age at last birth, the time a woman spends in child-
bearing can have important social and health consequences. All that was
said in chapter I regarding the implications of age at last birth also
applies to the span of reproduction. Also, in a society such as Egypt,
in which most women who use birth control methods do so only after they
have had all the children they want, the length of the childbearing span
can be an important component in studies of fertility.

In the following sections the study of reproductive span is approached
in two ways. In the first, which is called direct modeling, a multiple
regression model to determine the effects of the independent variables
on the length of the childbearing span is applied. Afterward a method
of obtaining a summary estimate of reproductive span, when direct obser-
vations on age at first and last birth are not available, is shown by in-

direct modeling.

4.1 Direct Modeling

Since the Egyptian Fertility Survey dataset contains the dates of
the first and last births for each woman, the span of reproduction for
ecach respondent is obtained by subtracting the former date from the lat-
ter. Thus, reproductive span can be deeled directly. Women who had

had less than two children at the time of the survey were excluded from
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analysis, as were women who had had only two children which were twin ‘
births.
The hypotheses that were tested are the following:

1.) well educated women tend to have shorter childbearing spans -
than less educated women;

2.) women in rural areas tend to spend more time in childbearing
than urban women;

3.) marital disruption without remarriage tends to shorten the
reproductive span; and

4.) marital disruption with remarriage tends to lengthen the time
spent in childbearing.

Women's years of schooling (WYRSED) was used to assess the effect
of education on the length of the reproductive span. Current residence
(RESIDENCE) was used to make urban/rural comparisons. As in chapter III,
marital disruption was considered only with respect to the status of the
first marriage, and a first union again was considered to be dissolved . .
if a woman said that she was divorced, widowed, or separated. The ef-
fects of age at first marriage (AGEMAR) and final parity (PARITY) were
controlled for by including these variables as covariates in the model.

Multiple regression was the method of analysis used to test the hy-
potheses. Since the measurement of reproductive span 1s assumed to be
more accurate for women in the oldest cohort, a model for the 830 women
in this group only was developed. The model fitted for the i-th woman
in the dataset is

——

RSPANi = BO + Bl AGEMARi * By PARITYi + 8 WYRSEDi

3 4.1

+ By RESIDENCEi *+ B MARli + B6NMR21 + RESIDUALi . M

As In chapter III, effect coding was used for the residential and mar-

riage indicator variables. The coefficients for these variables then .

are interpreted as deviations from the overal. mean.

Examination of plots of residuals from the fitted model found no
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reason to believe that the model violated any assumptions underlying
regression analysis. Figure 4.1 shows a plot of the residuals from the
fitted regression surface against the fitted values RSﬁANi, and a nor-
mal probability plot of the residuals. The Kolmogorov D-statistic,
equal to .027 and with an associated p-value greater than .15, suggests
no reason to believe that the residuals are not normally distributed.

The estimated regression surface obtained is

RSﬁAN = 11.255 = 0.306 AGEMAR + 1.326 PARITY - 0.107 WYRSED

+ 0.389 RESIDENCE + 0.243 MAR1 + 1.465 MARZ.
Table 4.1 gives other results from the fitted regression. The F-value
attests that there is a regression relation between the dependent and
independent variables. The R2 value indicates that 57% of the variation
in reproductive span is accounted for by the set of independent variables
in the model.

Since alternatives to the null hypotheses are one-sided, one-sided
p-values, which appear in table 4.1, were computed for testing the indi-
vidual hypothesis that Bi = 0.1 When all other variables in the model
were controlled, wife's years of education had a negative effect on the
length of the reproductive span, significant at the .05 level of signi-
ficance. An increase of one year of education was associated with a de-
crease of .11 of a year in mean reproductive span.

Current residence in rural areas (coded 1) was associated with
longer spans of childbearing than the overall mean span, while resi-
dence in urban regions (coded -1) had the reverse effect. Rural resi-

dence was associated with a mean span of about .39 of a year longer

1These p-values, based on the t-statistic, bl/S(b ), provide mar-
ginal tests. There are no infercnces made abo.it “the ]Olnt significance

of the coefficients.
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FIGURE 4.1

GRAPHICAL DIAGNOSTICS OF REGRESSION MODEL 4.1 FOR WOMEN AGED
45-49, EGYPT, 1980
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RESULTS OF REGRESSION ANALYSIS FOR WOMEN AGED 45 TO 49

EGYPT, 1980

Variables Estimated Standard One-sided
in Model Coefficients Deviation p-value

Intercept 11.255 0.8871 .0001
AGEMAR -0.306 0.0391 .0001
PARITY 1.326 0.0570 .0001
WYRSED -0.107 0.0519 .0193
RESIDENCE 0.389 0.1470 .0042
MAR1 (intact first unions) 0.243 0.2140 .1282
MARZ (dissolved § remarried) 1.465 0.2833 .0001
MAR3 (dissolved, no remarriage) -1.708 0.2690 .0001
F=179.4 P>F=.0001 R =0.57

Source: 1980 Egyptian Fertility Survey.
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than the overall average, and urban residence, .39 of a year shorter.

Women whose first marriages were still intact tended to have child-
bearing spans not significantly different from the overall mean (p-value =
.1282). This result is expected since the vast majority of the women be-
longed to this group. Those with dissolved marriages who had remarried
had the longest spans of all--about 1.5 years longer than the overall .
mean span. The corresponding statistics were calculated for the omit-
ted category--those with dissolved first unions who had not remarried
by the time of the interview. These women had spans of about 1.7 years
shorter than the overall average. These findings imply that the mar-
riages which had dissolved without remarriage tended to do so before
the women had completed the childbearing period, and that women who re-
married were inclined to produce children from their new unions.

Span of reproduction tended to decrease as age at first marriage ‘ _
increased. An increase of one year in age at marriage was associated
with a reduction of about .31 of a year in mean length of the reproduc- -
tive span.

Longer spans were associated with higher parity. Each additional
child extended the mean reproductive span an average of 1.33 years.

Since a birth interval must be at least .75 of a vear (for full-temm
births), this small change in length of the span manifests a predominant

lack of birth spacing among Egyptian women.

4.2 Indirect Modeling

It was demonstrated in chapter III that if data are not directly
available on age at last birth for individual women, age at last birth

can be modeled indirectly from age-specific fertility rates. Likewise

age at first birth can be derived, and, with both components, reproduc-
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tive span can also be modeled indirectly.

Since the method of deriving mean age at last birth was described
in chapter III, the procedure for modeling the other component, age at
first birth, is now presented. Again it is assumed that birth and death
processes are independent.

Let m(x)dx denote the probability that a women of age x will have
a birth in the age interval (x,x+dx). The symbols a and B represent
the lower and upper ages, respectively, of childbearing, so that m(x)=0

-Xm(t)dt
for x <o and x > 8. Thene ° is the probability of not having

a birth before age x. Further, let 2(x) denote the probability that a
newborn girl survives to age x. The total fertility rate TFR = me(t)dt,
and the cumulative fertility rate TFR(X) = fﬁm(t)dt.

Let g;(x) be the probability of having the first birth in the age
interval (x,x+dx). Then

-fgm(a)da
g1 (x) = 2(x)e m(x) for a < x < B (4.2)

it

0 otherwise.

The probability that a newborn girl will ever become a mother is

5 = fg g, () dx (< 1) (4.3)

g -fzm(a)da

= fa L(x)e m(x)dx
8 -fxm(a)da

= /" 2(x)d|e
o

Xm(a)dal® -*m(a)da
- | wx)e @ ] fi e @ d(2(x))
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-Xm(a)da
= - 2®)e TR 4 g - B [-d2(x)]
5, = 2(0) - 2(®e TR - B TR, yu(xyax (4.4)

where u(x) is the force of mortality.

Thenmean age at first birth is

IS xg; (x)dx

17 ) (4.5)
3 -fxm(a)da
o X2(x)e o m(x)dx
S1
-fxm(a)da
-IS xﬁl(x)d[e @ ]
= Sl
B
—f;cm(a)da 8 -fxm(a)da
-Ecs?,(x)e - fa e ¢ d{x2(x)]
= a
Sl
e - ee@)e TR B TR g o)
7 - . (4.6)
Sl

By the usual definition of variance,the variance of age at first
birth is given by

IS ngl (x)dx )

) = 5 K, 4.7)
-fxm(a)da
s XZQ(X)d[e o ]
S o R
1




B X
- d -/"m(a)da

_[xzﬁ(x)e fzm(a) |- IS e © 4(x°209)] 2

i a - Kl
51

- “TFR(X) ;.2
o () - Ba@)e TR+ B e Mapdeo] ) Klz, (4.8)

17 S

1

Equations (4.6) and (4.8) give the general formulations when mortal-

ity is considered. When mortality is not taken into account (when &(x)=1

and u(x)=0), then (4.6) reduces to

o - Be-TFR + fS e-TFR(X)dX
A= 4.9)
NM 1 - o TR
and (4.8) simplifies to
o2 - g2 TR, -’-fﬁ <o TFRQO 4, _
v, = -RC . (4.10)
M 1 - e-TFR

By approximating expression (4.2) equation (4.3) can be computed as

“TFR(X,,)
S1 = E n;x;/) | e m(Xi+) (4.11)
and
_ vy -TFR(X. )
M= SpAy = ] Xi+[niin/ e RmBg) (4.12)
X 0)
and TFRX. )
_ 212 STRR(X, ,
My =5,(Vy + A7) = )Z( Xi+ niin/IO e nxg,) (4.13)

where Xi+ is the midpoint of the age interval [x,x+ni].

Table 4.2 gives essential calculations to estimate mean age
at first birth for Egypt. Age- specific fertility rates were
calculated directly from the EFS dataset (CAPY\S, 1983 c), 1in

conjunction with the household schedule. 5LX/[0 values, however,
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were taken from a life table for Egyptian women for the year 1976 (E1-
Madani, 1981), which is the latest life table data available.1 The data
in column (6) of table 4.2 exhibits relatively high mortality at the
older ages. In the presence of mortality, mean age at first birth is
21.89 years, while without taking mortality into account the mean age
1s 22.06. This small difference between the two estimates demonstrates
that even when the mortality level is high, taking mortality into con-
sideration does not make much difference in the estimate of mean age
at first birth.

Now that the mean ages at first and last birth have been computed
(the latter is done in chapter III), an estimate of mean reproductive
span can be calculated.

The average span of childbearing can be computed simply as

E(RSPAN) = A - A (4.14)

1
Since reproductive span is defined only for women with at least two
births, the mean span conditional on having at least two births can be
defined. The probability that a woman will have at least two births in
her lifetime is given by

-fym(a)da

IB L(y)m(y) I m(a)da e @ dy
y=a a=q

ve}
]

8 amE)TER(y) ¢ TFR( gy, (4.15)
y=a

When mortality is not considered, (4.15) simplifies to

B, =1 - e TFR _ rpp o TER (4.16)

1New life table information will not be available until the 1986
census 1s conducted and population size by age is determined. There
have been no surveys to estimate this information since 1976.
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‘l. TABLE 4.2

ILLUSTRATIVE CALCULATION OF MEAN AGE AT FIRST BIRTH

EGYPT, 1980
(1) (2) (3) 4) (5) . (6) (7)
-TER(X; ) g, (X))

AGE Xi, ASFR TFR(X;) e SLXi/lO —(39x(5)x(6)
15-19 17.5 .0785 .0000 .8377 4.640 .3051
20-24 22.5 .2557 .3925 .4318 4.222 .4662
25-29 27.5 .2801  1.6710 .1178 3.809 1251
30-34 32.5 .2386  3.0715 .0303 3.399 .0246
35-39 37.5 1389  4.2645 .0106 2.993 .0044
40-44 42.5 .0526  4.9590 .0062 2.593 .0008
45-49 47.5 .0124  5.2220 .0053 2.199 .0001

50 - - 5.2840 - -

. . TFR = 5.2840 ) =.9263

Case 1: With Mortality, based upon expression (4.5)

- S = y g;(X;,) = .9263, by formula (4.11)
M = ) X, .81 (Xy,) = 20.2723, by (4.12)
2
M, = ) X748, (X;,) - 457.8944, by (4.13)
Mean Age at First Birth = Ml/S1 = [21.89 years
Standard Dev. = /MZ/SI-T\1 = 3.89 years
Case 2: No Mortality (when SLK /I =5)
“i 0
’ Mean Age at First Birth = [22.06 years
Standard Dev. = | 4.82 years

Reproductive Span
Case 1: With Mortality = [15.07 years|
' by (4.15) B, = 0.8237, E(RSPAN[BZ)
Case Z2: No Mortality = [14.70 years'
by (4.16) B, = 0.9681, E(RSPAN]BZ)

il
1]

18.77 years

1]

15.10 years
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Conditional on having at least two births, the mean span of childbear-

ing then is
S
E(RSPAN|B,) = o= (R - &,). (4.17)

- )
B2 L 1
With preceding results for age at first birth (from table 4.2) and .
age at last birth (chapter III),

E(RSPAN) = AL - A1

= 15.07 years
when mortality is considered. Without mortality accounted for, the
mean span is 14.70 years. Conditional on having at least two births,

E(RSPAN|B2) = 18.77 years when mortality is considered, and equal to

15.10 years with no mortality.

4.3 Conclusion
In section 4.1 multiple regression analysis was employed to model

reproductive span. Since direct observations on ages at first and last

births for each woman in the EFS dataset could be computed, the span of
childbearing for each woman could be determined and the effects of the
independent variables of interest estimated, while controlling for
other variables known to have an effect on the response variable.

Such detailed information is not always available, and thus it is
not always possible to estimate effects of other variables or even com-
pute reproductive span directly. The only alternative in this case is
to derive a summary estimate for the population of interest. To demon-
strate this approach, only age-specific fertility rates and a recent
abridged life table by sex were assumed availablé. From these data it
was possible to compute summary measures, estimates of the population

mean and its variance, for ages at first and last births (the latter in

chapter III), from which the average span of childbearing was derived.
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An extension of this indirect modeling can be done if age-specific fer-
tility rates, and perhaps life table information, are available by pop-
ulation subgroups. Then the formulas used in the indirect modeling can
be used for comparing subgroup means.

In the regression analysis, data only for the oldest cohort were
used, in order to obtain more accurate direct measurements of the span
of reproduction. The results, then, apply only to women in that cohort.
Inferences can be made about younger groups of women only if their fer-
tility and mortality experiences resemble that of the older women.

In the indirect modeling, since reproductive span cannot always
be observed directly, cross-sectional data on fertility and mortality
were used for all cohorts of women in the childbearing ages to compute
a summary measure for the population of interest--in the present case,
Egypt. This measure, the average span of reproduction, estimates the
expected time spent in childbearing for a new cohort of women, if the

current age-specific fertility and mortality rates apply to them.
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CHAPTER V
PROJECTIONS OF MATERNAL AGE AT LAST BIRTH

5.0 Introduction

As it is important to know conditions as they currently exist, it
is also valuable information to planners and policymakers to have some
idea of what is likely to occur in the future under particular assump-
tions. In the present chapter, two methods are presented for projecting
the expected age at completion of childbearing. The first procedure pre-
dicts the maternal age at last birth for different current parity groups,

while the second method allows projections for young current age cohorts.

Both procedures are applied to the Egyptian Fertility Survey data.

5.1 Projection Based on Parity

A simple method of projection is given by Nour (1984) in his devel-
opment of parity-specific fertility tables. He presents a life table-
type technique, based on the observed current parity distribution, which
allows the computation of mean age at completion of childbearing. This
method is based on the assumption that women at a given parity and age
will have the same fertility behavior regardless of their previous ex-
perience.

Nour's fertility table represents a departure from the tradition -
of considering a woman's age, closely related to her fecundability, as

the underlying variable for the study of reproduction. Chiang and

Van Den Berg (1982) point out that the advent of modern contraceptive
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methods has made the reproductive process more a matter of a couple's
choice than a function of a woman's fecundability. For this reason they
propose the use of women's parity as the basis for summarizing the re-

productive experience of a population.

Nour's statistical model for the construction of a parity-specific

fertility table is given in the next section.

5.1.1 Nour's Model

Consider the childbearing age interval X = [XO’Xw] and let
{I(x);xeX} be the parity of a woman at age xeX. Assume that {I(x);xeX}
is a Markov process where for every xeX, I(x) has a finite space
S =1{0,1,...,K}, with K being the maximum attainable parity. The Marko-
vian assumption implies that all women who are found in a given parity
at the same age will have the same probabilistic behavior regardless
of their previous paths. The process is governed by a set of instant-

aneous fertility rates {ro(x),rl(x),...,rK_l(x)} such that

ri(x)Ax + 0(Ax) = P{a woman of age x and parity i will have a live
birth in the age interval (x,x+Ax)}, xeX and
1€eS.
The rates ri(x) satisfy the relationship
1 - .(X,X+AX)

r.(x) = lim 1,1 , (5.1)
1 Ax=>0 AX

where q; ;%) = P{I(x) = i|I(y) = i}, i € S, y < x. The unique solu-

tion to (5.1), subject to the initial condition Q; i(x,x) =1, is

Q; 1 05%) = exp{—f§ r, (t)dt} . (5.2)

The function pi(y) =1 - qa; i(y,xw), where X, is the maximum age of
childbearing, may be termed the age-specific parity progression ratio.

Let gi(y), y ¢ X and i € S, be the age distrivution of women whose cur-
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rent parity is i. The conventional parity progression ratios, denoted

by p;> 1 € S, are computed as

p; = Elp; )} =7 p () - g (Ndy. (5.3)

The synthetic cohort estimates of the distribution of final parity
may be obtained from p; upon observing that the parity progression ra-

tio is defined in the context of cohort analysis, as
p, =PIN>i|N>i} ,ices,

where N denotes final parity. Accordingly, the probability distribu-
tion of N is given by
. i-1
PIN=1i} = (1-p.) T p., ieS. (5.4)
1% s )
j=0
Let Vi’ 1 € S, be the waiting time until the birth of the (i+l1)st
child and Zi, 1 ¢S, be the waiting time until completion of fertility,

for a woman whose current parity is i. Also, define the indicator ran-

dom variable 6,,i¢€8, by
1 if a woman whose current parity is i
goes on to have an (i+l)st child,

1 0 otherwise.

It follows that

Kil i
z.= § g.lv.,
1 j=i J ]
where
i3 .
3.t = T s, i, j e S. (5.5)
e
Also,
K1 i i
E(Z.) = P{.7 =1} « E{V.|B.m =1
(Z;) .E. 3 (Vs 18 }

J=1
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K-1

= -i: « E . =1
jzj-P{BJ 1} {VBISJ 1,
K-1 . .

= Y p{g,t =1} - E{U.), i¢€S, (5.6)
j=i J J

where Uj’ j € S, is the waiting time until the birth of the (j+1)st
child for a woman whose current parity is j and who goes on to have a

(j+1)st child. Tn addition

p{sji =1} =P(6, =1 forallic<tcj)

_ Al
pt - AJ y Say, (57)

]
=R

t=1i
where P, te S, is the parity progression ratio defined in (5.3).

Therefore

KL .
E(Zi) = jzi AjE(Uj), ieS. (5.8)

To evaluate E(Ui), 1t is noted that
BUD = By (B (i Vi Yg =y, 100 = 4, Xy < %)), 465, (5.9)

where Xi+1 1s the age at which a woman has her (i+1)st birth and Yi is

the current age at parity i. Noting that,
PXjyq > xlYy =y, 10D = i} = q; ;5%
where Q; i(y,x) is given by (5.2), it follows that

p{X1+1 > XlYl =Y I(Y) =1, X.

1+

1< xw}
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’

1, X<y,

X
X } rw
) exp{-fy ri(t)dt} exp{ fy ri(t)dt}

X
W
1 - exp{-fy r, (t)dt}

Therefore,

EX (X1+1 - Y]_[Yl = y’ I(Y) = i’ Xl"'l <X )

i+1. w
= S Py > xlY, =y, 1O =4, X, < x Yx-y
X(.U X XU)
_ fy exp{-fy ri(t)dt}dx-(xw-y)exp{-fy ri(t)dt}dx-y

= (5.11)
1 - exp{-fyw r, (t)dt}

By taking expectation with respect to Yi on both sides of (5.11), the
. required E(Ui) as defined by (5.9), is obtained.

Computational approximations for P; and E(Ui) based on a finite
number of age groups are desirable. The functions P; and E(Ui) may be
computed by approximating ri(x), x € X, by a step function. The repro-
ductive interval X = [xo, Xw] 1s divided into a set of n disjoint age

1

ri(x) may be considered approximately constant within each of these age

groups of the form (aj, aj+1] where a, = X, and a4 = X, such that

groups. That is
: ri(x) = rij , aj <x < aj+1 . (5.12)
Then

n
P, =1- Z Bii v a; (), (5.13)
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and *

n
E(U;) = jz

L.g.(3), ies, (5.14)

where g (j) = P{aj <Y }, 3 =1,...,n; Y; is an intermediate

i S84

value for the age at i-th parity, Yi’ in the age interval aj <y < aj+1;

and
v * n
G- exp{-(aj+1 " Y; )rij - K=§+1 (agyq - aK)riK} (5.15)
and
o1 - . v
ij ~ ;;; {1 - expf rij(aj+l Y )1}
« n
+ exp{-rij(aj+1 - yj )} K=§+1{?§E {1 - exp{—riK(aK+l - aK)}}
K-%-l
- expi{- G ri(K—l)(aj+u+1 - aj+u)} . (5.16)

5.1.2 Application of Nour's Model to the EFS Data

The fertility table prescribed by Nour's model is completely speci-
fied in terms of the parameters P; and E(Ui). Thus, it is helpful to
see first how these intermediate figures are obtained.

Table 5.1 gives illustrative calculations to obtain the parity pro-
gression ratio, D;» for parity 0. These computations were repeated for
each parity group.

The fertility rates for parity i and age group j, the r..'s in

1]
colum (3), are defined as
number of births of order (i+l) to women
_ of parity i and age group i during t (5.17)

T . =
1J(year t) gumber of women of parity i and age j
uring t
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The numerator 1is given as the number of births in the preceding twelve
months, and the denominator as the number of women at exactly six months
prior to the survey date.

The Bij's in colum (9) are the probabilities of not having a birth
in the remaining age intervals. These probabilities are computed accord-
ing to formula 5.15.

The gi(j)'s in colum (10) give the age distribution of women for
parity 0. Alternatively, gi(j) may be viewed as the probability that
a woman's age at the i-th parity is greater than aj and less than or

equal to a. These probabilities were obtained from the percentage

j*l”
distribution of women by current parity and age, presented in table 5.2.

The parity progression ratio, calculated by formula (5.13), is 1
minus the summation of column (11). This ratio, P;>» gives the probabi-
lity that final parity is greater than i, given that it is at least i.

The other essential quantity of the fertility table is the E(Ui),
or the expected waiting time until the (i+1)st birth for a woman with
current parity i. E(Ui) 1s easily attained by formula (5.14) once the
intermediate figure Cij is obtained. The calculation of the Cij's was
done by formula (5.16), and is illustrated for parity 0 in table 5.3.
These calculations were repeated for each parity group.

Table 5.4 gives the final computations for obtaining the projected
mean age at last birth, based on current parity. Because of relatively
small numbers of births of order i+l in the parity groups of seven or
more children, these groups were combined.

The quantity ?i in table 5.4 is the observed mean age of the women
who are currently at parity i.

The colum of Ri's are the numbers of women out of QO (10,000) who
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are expected to have a final parity equal to or greater than i, and

Yie1 T PR - (5.18)
The total exposure time to childbearing of women of parity i is

given by Li’ which is calculated as

L E(U;). (5.19)

i~ M
The colum of Ti's give the total reproductive span remaining af-
ter the i-th birth, and is computed as

K-1
T, = 'Z' L; - (5.20)
1=)

The quantity e; is the expected waiting time until the last birth

for a woman of current parity i. It is computed as
e = Tyi/% (5.21)

Finally, the mean age at the birth of the last child is obtained
as

A =Y *te - (5.22)

The projected age at last birth for Egypt exhibits a general ten-
dency to increase with current parity, a trend which is consistent with
results in previous chapters. The exception is that women with current-
ly three children are expected to end childbearing about one year later
than women who presently have four children. This difference is be-
cause of the relatively long waiting time (4.8651 years) expected be-
tween the third and fourth births. A possible explanation is that many
Egyptian women use contraception after the third child. Previous pub-
lished results from the EFS data indicate that "three living children

[and] age 28 . . . arc the effective points at which more than 50 per
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cent of [Egyptian] women wish to 1limit their family size" (CAPMAS, 1983
c, p. 93).

Projections in table 5.4 indicate that Egyptian women who currently
have no children are expected to end childbearing at just under 32 years
of age. Women currently with six children are expected to have their
last child at almost 38 years of age. Such are the projections for a
new cohort of Egyptian women should they experience the family building

process as indicated by the EFS data.

5.2 Projection Based on Age

Another method of projecting the mean age at last birth is based
upon a woman's current age. This procedure uses information on all co-
horts of women to model the distribution of the number of children ever

born by a given age.

5.2.1 The Model
Denote the force of fertility by m(t)dt. Then the distribution of
the number of children ever born is given by the time-dependent Poisson

process

ﬂre-g
PO¥=1) = 58—, r=0,1, 2, ... (5.23)

where N is the number of children ever born, § = fg m(t)dt, and o and B
arc the lower and upper age limits, respectively, of reproduction.

Specificly

ZB
m(t,g) = mo(t)e~~ , (5.24)

where mo(t) 1s a baseline force of fertility function, z is a vector of

~

covariates, and 8 is the vector of regression coefficients. Under the

assumption of (5.24), the distribution of the number of children ever born
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is given by

z8
28 T -fge”
(Be ) e
P(N=tr) = , r=0,1, 2, ... (5.25)
r!

where ﬂo = fi mo(t)dt. If T, denotes the number of children born to

the i-th woman in the sample, the log 1likelihood can be written as

zB
log L = log fylr. + jri(z;,8) + ... + Zipo) - Pole™ . (5.26)
The likelihood equations are given by
K
%=~ (5.27)
e
i
and
z.R
3 log L iz
‘iff?%“ ) TiZis Pyl e 1 235 - (5.28)
] 1 1

5.2.2 Application of the Model to the EFS Data

A maximum likelihood procedure, BMDP3R (Dixon, 1983), was used to
estimate the parameters of model (5.25) for all women in the EFS dataset
of age 25 and older.

The covariate vector z contained the variables wife's years of edu-
cation (WYRSED), current residence (RESIDENCE),indicatqr variables re-
presenting the status of the first marriage, and indicator variables to
denote the five five-year cohorts from age 25 to 49.

Wife's years of schooling (WYRSED) was given a value of 0 for no
formal education and 1 for one or more years of schooling. Current re-
sidence (RESIDENCE) was coded 0 if rural and 1 if urban. If a woman's
first marriage had been dissolved and she had remarried, then MAR2 was

given a value of 1 and 0 otherwise. If she experienced dissolution
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without remarriage, MAR3 was coded 1 and 0 otherwise. The omitted cat-

egory consisted of those with intact first marriages. All parameters

were initialized at zero, except for ¢0, which was assigned an initial

value equal to the mean number of children ever born for the sample of .
women of age 25 and over.

Estimates and their standard deviations are given in table 5.5.
All variables were highly significant.

To determine the appropriateness of the model, Kolmogorov's good-
ness-of-fit test was done. The D-statistic for the 25-29 age cohort of
women was .037, with an associated p-value of .20, indicating that the
Poisson model provides a reasonable fit to the data.

Model (5.25) was then used to project the mean age at last birth

for Egyptian women aged 25 to 29 in 1980. In order to do the projection,

it was necessary to obtain the mean covariate vector ? for each age co-
hort. Then exp(?é) could be computed for each of the age groups. This
information appears in table 5.6 along with the age-specific fertility
rates observed in Egypt in 1980.

By assumption (5.24), the fertility rate m(t,g) is composed of the
two factors mo(t) and e%g . For the i-th age group, m(t,gi) 1s approxi-
mated by the observed age-specific fertility rates in column (3) of
table 5.6. Then by assumption (5.24), mo(t) can be estimated by divid-
ing the observed m(i) by exp(giéi). The ﬁo(i)'s thus obtained estimate
the baseline age-specific fertility rates when cohort characteristics
are not considered.

Column (6) of table 5.6 contains the observed and the projected

age-specific fertility rates for Egyptian women aged 25 to 29 in 1980.

The projected rates, the bottom four figures in the column, were ob- ‘



TABLE 5.5

MAXIMUM LIKELIHOOD PARAMETER ESTIMATES AND STANDARD

DEVIATIONS FOR EVER-MARRIED WOMEN AGED 25 AND OVER

103

EGYPT, 1980
Estimate Standard

Variable B Deviation It

¢O 8.3303 0.1029 80.96
WYRSED -0.1344 0.0106 12.68
RESIDENCE -0.1603 0.0104 15.41
MAR2 -0.2260 0.0153 14.77
MAR3 -0.2803 0.0165 16.99
AGE 25-29 -0.8414 0.0172 48.92
AGE 30-34 -0.4345 0.0156 27.85
AGE 35-39 -0.2085 0.0149 13.99
AGE 40-44 -0.0816 0.0148 5.51
AGE 45-49 omitted

Source: Egyptian

Fertility Survey data.
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TABLE 5.6

CALCULATION OF PROJECTED AGE-SPECIFIC FERTILITY RATES
25-29 COHORT

EGYPT, 1980
(1) (2) (3) (4) (5) (6)
Age Observed = g’ M (i) Observed and Projected
Age Group a ~i<1 0 M(3) 282
i M(1) e (3)/(4) (58) x e™ 7

15-19 1 .0785 .1432°
20-24 2 .2557 .2616°
25-29 3 .2801 .3655 .7663 .2801
30-34 4 .2386 .5480 .4354 .1591
35-39 5 .1389 .6875 .2020 .0738
40-44 6 .0526 .7665 .0686 .0251 .
45-49 7 .0124 .8141 .0152 .0056

ACAPMAS, 1983 c

bComputed as the average of the observed rates for women aged 15-19 in
1965-70 and 1970-75, from CAPMAS, 1983 c, p. 45.

CComputed as the average of the observed rates for women aged 20-24 in
1970-75 and 1975-80, from CAPMAS, 1983 c, p. 45.

Source: Egyptian Fertility Survey data.
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tained by multiplying the estimated baseline age-specific fertility
rates by the cohort characteristics factor eXP(§3§3): or .3655.

Comparison of these projected rates with the current observed ones
in colum (3) indicates that age-specific fertility rates in Egypt are
expected to decline. These projections are based not only on assump-
tion (5.24), but also on the assumption that the cohort characteristics
factor, or the mean covariate vector g, does not change at least until
the end of the reproductive period. The forecasted trend is reasonable
and suggests a continuation of the decline in age-specific fertility
rates already observed in Egypt in recent years.

Table 5.7 shows the application of the observed and projected age-
specific fertility rates to project the mean age at last birth for the
25-29 cohort (see chapter III, section 3.2). Under the assumptions of
the model, the expected age at last birth for this group of women is
33.77 yéars. This age is a three-year reduction from the hypothetical
36. 7 years obtained by the corresponding method in chapter III, based
on the age-specific fertility rates in Egypt in 1980. This result gives
the reduction in age at last birth that will occur if the age-specific
fertility rates of the 25-29 cohort are decreased to roughly one-half
of the rates observed in 1980. Table 5.7 also shows the reduction in

completed fertility from the total fertility rate of 5.284 in 1980 to a
completed family size of 4.7425 children, if the 25-29 cohort experiences
the projected fertility rates. This number also indicates a decrease
of over two children from the 6.87 mean number of children ever born to
the 45-49 cohort in the EFS. |

The projected age at last birth represents a decline also from the

observed age at last birth of 35.06 years for the 45-49 cohort inter-
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TABLE 5.7
PROJECTED AGE AT LAST BIRTH FOR WOMEN AGED 25 TO 29

EGYPT, 1980

) @) 3) (4) b () (6) (7
Observed and TFR(X) [eTFR(X)+eTFR[X+Sh
Projected Fertility X TFR(X) > -5

Age X, M) =£%n(t)'5 e (2)x(6)
15-19 17.5 .14322 0.0000 1.0000 7.6155 133,27
20-24 22.5 .26162 0.7160 2.0462 24,0368 540.83
25-29 27.5 .2801 2.0240 7.5685 95.6895 2631.46
30-34 32.5 .1591 3.4245 30,7073 246.8520 8022.69
35-39 37.5 .0738 4,2200 68.0335 416.0738 15602.77
40-44 42.5 .0251 4,5890 98.3960 524.8725 22307.08
45-49 47.5 .0056 4,7145 111.5530 565.6840 26869.99
50 - - 4.7425 114.7206 - -

TFR = 4.7425 ) =1880.8241 ) =76108.09
By formula (3.15):

-4,7425, , . -4.7425 .
X _ 50-15(e )-(i , 1(1880.8241) _ 33.77 years of age
Ly 1 TS

By formula (3.16):

_ (50)2-(15)%e74- 74255 (0747425 (76108 09

2
(33.77)° =
LNM ] - e-4.7425

STD. DEV.

V. 41.09

6.41

[}

aSee footnotes to table 5.6.

bTFR(X) is computed at the beginning of the age interval.

Source: Egyptian Fertility Survey data.
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viewed in the EFS. This comparison noints to a reduction of less than
two years in actual age at last birth in the next twenty years. This
small decline suggests that perhaps not all the women aged 45 to 49 in
1980 had ended childbearing by the time of the EFS, and that the actual
mean age at last birth for this cohort could be older than 35.06 years.
In the same manner as above, the mean age at last birth was pro-
jected for the 30-34 age group of women. The Kolmogorov D-statistic
of .041, with an approximate p-value of .16, indicates that model (5.25)
provides an adequate fit to the data for this cohort. The projected
mean age of 35.60 years signifies the decline of slightly more than
one year in age at last birth that will occur by 1995, if the assump-

tions of the model hold.

5.3 Conclusion

Two nrocedures in the nreceding sections gave projections of the
exnected age at completion of childbearing. One method is based on
current parity and the other on current age.

The first method, proposed by Nour (1984), provides a means of
computing a current fertility table which completely describes the re-
productive experience of the study population. In addition to project-
ing the mean ages at last birth for current parity groups, this table
also may be used to compare fertility exmeriences of different countries,
and, as Chiang and Van Den Berg (1982) suggest, to evaluate the effec-
tiveness of family nlanning programs.

The projections produced by applying Nour's model to the EFS data
indicate that in Egypt the expected age at last birth has a general ten-
dency to increase with current narity. Projected ages at last birth

for women of various parities in Egypt in 1980 range from 31.65 to 37.78,
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the latter being for women with six children. Women with more than
six children can be assumed to end childbearing, on average, some time
after their 38th birthday.

The second procedure, based on a Poisson model of children ever
born, indicates that women aged 25 to 29 in Egynt in 1980 are expected
to end childbearing, on average, at about 33.77 years of age. This age
represents a three-year reduction in age at last birth from that indi-

cated by Egyntian fertility rates in 1980.




CHAPTER VI
SUMMARY AND POLICY IMPLICATIONS

6.0 Introduction

The 1980 Egyptian Fertility Survey has provided a comprehensive
dataset for studying the demographic situation in Egypt. In parti-
cular, it has allowed in the present study for a diverse examination
of two variables indicative of the end of the childbearing period--
maternal age at last birth and reproductive span--and on a national
basis. In the sections that follow, methodologies and results of this

study are summarized and policy implications considered.

6.1 Summary
6.1.1 Maternal Age at Last Birth

Analysis of maternal age at last birth was done in chapter III.
Since the EFS dataset contains detailed micro-level information, it
was possible to model age at last birth directly.

In this type of analysis, hazards models were used to assess the
effects of women's education, current residence in rural or urban
areas, and dissolution of the first marriage, on the hazard of last
birth occurring. A first marriage was considered to be dissolved if
it had ended by divorce, separation, or widowhood. Age at first mar-
riage and parity (number of children ever born) were additional covar-
iates included in the model to reduce variation in the dependent vari-

able. The analysis was restricted to women currently aged 45 to 49,
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and it was assumed that all these women had had their last births. Thus,
all observations were assumed to be complete. Women with no children by
the time of the survey were excluded from the analysis.

The results indicated that women with more years of schooling had
a greater probability of ending childbearing early than women with less
education. That is, women with little education tended to have their
last children at older ages than better educated women.

Current residence in rural areas reduced the hazard of last birth,
meaning that rural women tended to have their last children at ages sig-
nificantly older than the overall average age at last birth. Residence
in urban areas, on the other hand, encouraged ending childbearing at ages
younger than the overall average. Urban women were 1.31 times as likely
to have the last birth by age x as rural women.

Egyptian women whose first marriages remained intact through the re-
productive period, the majority of the women, ended childbearing at ages
Close to the overall average age. They were a little more than half as
likely to have their last birth by age x as those with dissolved unions
who had not remarried, and more than twice as likely as those who had
remarried. Women whose first marriages dissolved--through divorce or
widowhood--and who remarried before the end of the reproductive period,
ended childbearing at ages significantly older than the overall average
age at last birth. This result implies that these women tended to have
children by their new husbands. On the other hand, women whose first
marriages dissolved--through divorce, separation, or widowhood--before
the end of the childbearing period and who did not remarry, tended to
have their last children earlier than other women.

Age at marriage and final parity of Egyptian women had negative ef-
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fects on the hazard of last birth. That is, as age at marriage and num-
ber of children ever born increased, so did the age at last birth.

In conjunction with the above Cox regression analysis, hazard mod-
eling without covariates was done on one subgroup of the 45-49 cohort at
a time. Again, all observations were assumed to be complete. From this
analysis it was possible to obtain cumulative life table probabilities
of last birth occurring by various age intervals.

The median, or the age by which half of the women in the sample had
had their last birth, is a convenient point of comparison. The median
age at last birth was about two years older for rural compared to urban
women (36.47 versus 34.29 years of age).

Illiterate women had the oldest median age at last birth of the ed-
ucation groups. Their median was 36.23 years of age, compared to median
ages of 33.78 for literates, and 30.95 for women with at least a primary
certificate.

There was very little difference between median ages at last birth
for women with intact first marriages and those whose first unions were
dissolved and who had remarried. Median ages for these groups were
36.31 and 36.08 years, respectively. Women with dissolved first marriages
who had not remarried had the lowest median age at last birth of the
three groups--32.34 years of age.

The median age at last birth increased with final parity. Women
whose completed family size was 1-2 children had a median age at last
birth of 28.83 years. From there the median increased to 30.74 years
for women who ended with 3-4 children, to 36.47 years of age for those
who had 5 or more children.

Women who were married at ages less than 25 years had a median age
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at last birth of 35.38 years. For those who were married at age 25 or .

older the median age was 37.50 years.

The observed median age at last birth for the total sample of wom-
en aged 45 to 49 was 35.54 years. This figure compares to 35.06 as the .
observed mean age at last birth for women aged 45 to 49, which suggests
a lack of skewness in the distribution of age at last birth.

As an alternative to the methods of direct modeling described above,
which required direct observations of ages at last birth, an indirect
method of modeling age at last birth was developed, to be used when only
age-specific fertility rates, and perhaps a life table for women, are avail-
able. Theoretical expressions were derived for mean age at last birth
and its variance for a population of interest, with and without mortality
being considered. By numerical approximations, it was shown that
taking mortality .into account, which requires more computational effort, . ’
makes little difference in the estimates of mean age at last birth.

The estimate of mean age at last birth without mortality considered
was 36.76 years. This figure indicates the expected age at the end of
childbearing for a new cohort of women, should they reproduce according

to the age-specific fertility rates observed in Egypt in 1980.

6.1.2 Reproductive Span

The analysis of reproductive span was done in chapter IV. Least

squares multiple regression was the method of direct modeling used. '
The purpose of the analysis was to assess the effects of women's

education, current residence in rural or urban areas, and dissolution

of the first marriage, on the length of the reproductive span. These

variables were defined in the same manner as in the analysis of age at .

last birth. Again, age at first marriage and parity were included



113

in the model to reduce variation in the dependent variable. The
analysis was restricted to women aged 45 to 49 who had had at least
two live births that were not twins.

Results of the regression analysis indicated that, on average, the
more years of formal schooling a woman had, the shorter her reproduc-
tive span tended to be. An increase of one year of education reduced
the length of the reproductive span an average of .11 of a year.

Current residence in rural areas was associated with longer spans
of childbearing than the overall mean span for Egyptian women aged 45
to 49. Rural women tended to have reproductive spans an average of .4
of a year longer than the overall mean span, while urban women had spans
an average of .4 of a year shorter.

Women whose first marriages were still intact, the majority of wom-
en, had a mean span close to the overall average. Women with dissolved
first marriages who remarried had a mean span of 1.5 years longer than
average, while those who did not remarry had a mean span of 1.7 years
shorter than average. |

Age at marriage and final parity had negative and positive effects,
respectively, on the span of reproduction. An increase of one year in
age at marriage reduced the length of the mean reproductive span by .3
of a year. This means that a raise in age at marriage from 15 to 25 re-
duced the mean reproductive span by 3 years, for women aged 45 to 49 in
1980. As final parity increased by one child, the mean span of child-
bearing increased by 1.3 years. Since a full-temm birth requires .75
of a year, this result attests to the lack of birth spacing among Egyp-
tian women.

In addition to the direct modeling described above, a method of

indirect modeling was derived, to obtain an estimate of the mean span
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when direct observations on reproductive span are not available. This

method is an extension of that used to model age at last birth indirect-
ly.

First, theoretical expressions were developed for estimating the
mean age at first birth, based on the age-specific fertility rates ob-
served in Egypt in 1980. Accordingly, the mean age at the birth of the
first child was estimated to be about 22 years. This mean is a hypotheti-
cal figure, indicating the mean age at first childbirth for a new cohort
of women who reproduce according to the 1980 age-specific fertility
rates. This figure then was subtracted from the corresponding mean age
at last birth to obtain a mean reproductive span of about 15 years. This
estimate indicates then the expected length of the childbearing span for
a new cohort of women, if they experience the age-specific fertility

rates observed in the EFS data in 1980.

6.1.3 Projections of Maternal Age at Last Birth .

Two methods of projecting mean maternal ages at last birth were
described in chapter V. The first method is the construction of a fer-
tility table based on women's current parity, developed by Nour (1984).

Nour's table represents a departure from the tradition of consider-
ing women's age, or their age jointly with their parity, as the basis
for describing their reproductive experience. Chiang and Van Den Berg
(1982) posit that the advent of modern contraceptive methods has made .
the reproductive process more a matter of a couple's choice than a func-
tion of a woman's fecundability. For this reason they propose the use
of women's parity as the basis for summarizing the reproductive experi-

ence of a population.
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Among other things, Nour's fertility table allows the computation
of the expected waiting time until the end of childbearing for women of
current parity i. When this waiting time is added to the mean age of
the women who are currently at parity i, the mean age at last birth for
these women is obtained.

From Nour's fertility table, projected ages at last birth in Egypt,
based on women's current parity, show a general tendency to increase
with the number of children a woman currently has.. The exception is
that women with presently three children are expected to end childbear-
ing about one year later (36.15 versus 35.27 years) than women who current-
1y have four children. This difference is because of the long average
waiting time between the third and fourth births, which may be indicative
of an inclination of Egyptian women to use contraception after the third
birth. Published results from the Egyptian Fertility Survey data indi-
cate that '"'three living children [and] age 28 . . . are the effective
points at which more than 50 percent of [Egyptian] women wish to limit
their family size'" (CAPMAS, 1983 ¢, p. 93).

Women in Egypt who presently have no children are predicted to end
childbearing at almost 32 years of age. Those with currently six child-
ren are expected to have their last birth at about age 38, while women
who currently have more than six children can be expected to stop re-
producing later than that. These projections are for a new cohort of
women if they experience the family building process as depicted by
the EFS data. |

The second method of projecting the mean age at last birth present-
ed in chapter V involved the modeling of the number of children ever

born via a Poisson model. This model was fitted to the EFS data for
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women aged 25 and older.

Women's years of education, and indicator variables for rural or
urban residence, status of the first marriage, and age cohort were co-
variates in the analysis. From this modeling it was possible to esti- .
mate a quantity, eg@ » for each age cohort, which may be considered to
distinguish each cohort from the others. The egg's were then used to
project the age-specific fertility rates to the end of the childbear-
ing period for the 25-29 and 30-34 age cohorts. From these age-speci-
fic rates it was possible to compute the expected ages at last birth
for these two groups of women.

The projected rates indicated that age—spe;ific fertility rates in
Egypt are expected to continue the declining trend observed in recent
years.

For women aged 25 to 29 in Egypt in 1980, the projected mean age at ‘ '
last birth is 33.77 years. This age is a three-year reduction from the
hypothetical 36.76 years, obtained by the corresponding method applied
to the 1980 age-specific fertility rates. This three-year decline in
mean age at last birth is what will occur, if the age-specific fertility
rates of the 25-29 cohort are reduced to roughly one-half of the 1980
rates.

The corresponding completed number of children born for this cohort
1s expected to be 4.74 children (by the year 2000), a decline of about
half a child from the total fertility rate of 5.28 estimated for Egypt
in 1980. This number represents a decline of over two children, from
the actual 6.87 mean number of children ever born to the 45-49 cohort

of ever-married women in the 1980 EFS.

In the same manner, the mean age at last birth was projected for
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the 30-34 age group of women. The projected mean age for this cohort
of 35.60 years signifies the decline of slightly more than one year in
age at last birth that will occur by 1995, if the assumptions of the

model hold.

6.2 Policy Implications

The chief goals of the 1980 Egyptian Fertility Survey were to pro-
vide a set of data appropriate for identifying the determinants of the
rapid population growth in Egypt and alternative approaches to dealing
with Egypt's current demographic problems. Egypt's present annual pop-
ulation growth rate of 2.7% implies that the population of 45 million
in 1982 will double in 25 years. This problem is compounded by the
fact that Egypt has only a small percentage of arable land, the narrow
strip bordering the Nile River.

In addition to the demographic dilemma in Egypt, the health stat-
us of the population is also of concern. Younis et al. (1979)'and
Fortney et al. (1982) found that maternal and infant mortality in Egypt
increased significantly at maternal ages over 35 years. Omran and
Johnston (1984) further documented for African countries in general, the
deleterious effects to the health of the entire family of having babies
after age 35.

In 1979, 23.3% of all live births in Egypt were born to women aged
35 and older, and of these births the vast majority were birth orders
over 4. In rural areas the percentage of births to mothers 35 and old-
er was 26.6%, and in urban areas, 18.3% (CAPMAS, 1982). These large

figures suggest that reducing the percentage of births to women over age

35 can have a significant impact in reducing population growth and in
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lowering maternal and infant mortality rates.

Results of the present study showed old maternal ages at last
birth and long reproductive spans to be associated with low levels of
wamen's education, residence in rural areas, and remarriage after being
divorced or widowed. Later age at marriage was associated with later
age at last birth, which suggests a possible ''catch-up" effect described -

in Population Reports (1979). However, later age at marriage was accomp-

anied by a shortening of the reproductive span.

Effects of these variables were statistically significant, although
the magnitudes of some effects appeared to be small demographically. It
will be remembered, however, that the covariate analyses were done only
on women aged 45 to 49 in 1980. These women began reproducing at a time
when birth rates were relatively high because of the post-World War II

Baby Boom, and differences in fertility between urban and rural areas

were small. The housing shortage, increased status of women, etc., in

urban areas of Egypt in recent years can be expected to manifest them-

selves by increasing the effects of the independent variables on age at
last birth and reproductive span for younger cohorts of women.

This widening of the effect of residence, for example, was observed
in chapter II in regard to age at first birth. While percentage distri-
butions of age at first birth between urban and rural women were not
significantly different among women aged 45 to 49, for women aged 25
to 29 the percentage having first birth at an early age was significant-
ly lower among urban women.

An increase in the magnitude of the effect of education also can be

expected for younger cohorts of women, as similar mechanisms causing the

divergence by residence also should widen the differences by education. .



119

Bulatao (1984) reports that on a worldwide basis, and in Egypt in par-
ticular, ''the differentials in fertility between education groups in-
crease . . . as [the] fertility transition progresses' (p. 16).

Thus results of the present analyses on Egyptian women aged 45 to
49, which were statistically significant, are expected to become even
more so for younger groups of Egyptian women. Thus, implementation of
policies to reduce maternal age at last birth in Egypt may be appropri-
ate now. Lowering age at last birth will shorten the length of the re-
productive span, and, since few Egyptian women space their births, this
reduction in span can be expected to reduce final parity.

Legal minimum ages for marriage exist in most countries of the
world (16 for women and 18 for men, in Egypt), and, depending on the
degree of enforcement, this measure helps determine the beginning of
the reproductive span through the timing of the first birth. The pre-
sent study has shown that later age at marriage is associated with
shorter reproductive spans. Results of the regression analysis de-
scribed in chapter IV suggested that raising age at marriage from 15
to 25, among Egyptian women aged 45 to 49, reduced the mean reproduc-
tive span by three years. Thus efforts to raise age at marriage in
Egypt should have some effect in reducing final parity. This negative
association between age at marriage and final parity on a worldwide

basis is documented by Bulatao (1984) and Population Reports (1979).

Later age at marriage can be encouraged by both direct and indi-
rect measures. Direct measures include enforcement of current legal
minimum ages at marriage and raising the legal ages for men and women
to marry. Indirect measures include the provision of increased employ-

ment opportunities and the encouragement of educational advancement, for

women.
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Education was found to have a small but statistically significant

effect in lowering age at last birth and shortening the childbearing
span, for Egyptian women aged 45 to 49 in 1980. Increasing education
from none to ten years of schooling reduced the mean reproductive span
by a little more than a year for this group of women. Since the magni-
tude of this effect is expected to increase among younger cohorts of
women, policies designed to increase educational opportunities for women
are expected to reduce age at last birth and the length of the repro-
ductive span. But, as the results for the 45 - 49 cohort show, and as
Bulatao (1984) suggested, increasing women's education to at least the
secondary level may be required to have significant impacts. Ultimately
such a policy would effect lower maternal and infant mortality rates and

reduce population growth rates. However, if increased educational oppor-

tunities are offered only to women in urban areas, such a policy will
have no impact on the majority of the population that is rural.

The residential effect on age at last birth and reproductive span,
and the expected widening of the disparity, makes it imperative that ef-
forts to lower maternal age at last birth be intensified in rural areas.
These regions are where most of the births to women over age 35 occur,
and thus are where reductions in age at last birth can have large im-
pacts demographically and healthwise.

Information/education campaigns can effectively broadcast the health,
social, and demographic disadvantages of bearing children at old maternal
ages. Dissemination of such information should be intensive in rural
regions and accompanied by availability of family planning services.

In the dissemination of information and in the promotion of policy,

the health factor should be emphasized. This point is vital, not only .
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because of the high level of maternal and infant mortality in Egypt,
but also because the health factor can provide strong motivation to end
childbearing earlier, and thereby reduce final parity, apart from any
concern about overpopulation. While it may be difficult for a couple,
especially in rural areas, to appreciate how one or two additional
births to themselves can affect the national population problem, they
can more readily grasp the risks to the health of mother and child of
an old-age pregnancy. That is, the health implications are more im-
mediate and personal. As Omran and Johnston (1984) pointed out, the
health rationale also provides a more palatable basis for policies,
such as family planning programs, among most African leaders of govern-
ment.

Most demographic and health policies are aimed at specific ''target'
populations, so that defining this population becomes an issue. The fer-
tility table developed by Nour, table 5.4 in chapter V, may be of some
assistance. According to this table, intensifying the dissemination of
information and family planning services to women with at least four
or five live births could reduce the number of births to women over age
35.

General aims of a health/demographic oriented policy should be the
following:

1.) reduce maternal and infant mortality rates; and

2.) reduce population growth rates.

Specific policy goals to accomplish these aims could be to

1.) encourage the increase in age at marriage to shorten the span
of reproduction from the lower end;

2.) reduce the percentage of births to women over age 35;

3.) encourage an increase in women's education to at least the
secondary level;
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4.) provide information regarding high risk ages for childbirths
and make family planning services available to all married
wonten ; '

5.) make the provision of family planning services an integral
part of general family health services;

6.) intensify policy implementation efforts among rural women and
women with at least four or five live births.

Program evaluation is an issue with the implementation of any poli-
Cy. Needed are simple, sensitive means of measuring the impact of speci-
fic policy activities. A fertility table such as Nour's, based on wom-
en's current pairty, was suggested by Chiang and Van Den Berg (1982) for
the evaluation of family planning programs. The table would be construct-
ed before and then some time after policy implementation. Such use of
Nour's fertility table would be more meaningful, however, with the de-
velopment of a measure of sampling variability for the mean age at last
birth.

An even simpler and perhaps more sensitive evaluation technique is
the hazard'modeling, with or without covariates, demonstrated in chapter
IIT. Age at last birth "survival" distributions before and after the
inaction of a policy could be compared and tested for equality.

Whatever policies are implemented, it is hoped that both family
planning and development measures, such as increasing education of wom-
en, can be continued simultaneously to help alleviate the problem of
rapid population growth and improve the overall standard of living of
the Egyptian people. Perhaps some attention given to the variables age
at last birth and reproductive span can aid in reducing population growth

rates and levels of maternal and infant mortality.
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CHAPTER VII
SUGGESTIONS FOR FURTHER RESEARCH

7.1 Theory

In the projections of mean maternal age at last birth done in
chapter V, the covariate model used was the Poisson. The distribution

of the number of children ever born was given as

zB

zR -g.e”
e ) e
P(N=r1) = , r=0,1, 2, ...
T!
B
where ﬂo = [ mO(t)dt. This model happened to provide a good fit for
t=a

the Egyptian Fertility Survey data. The use of other models, however,
might be explored, not only on Egyptian data but data for other coun-
tries as well. A Poisson model may not be appropriate for data from
other countries, especially if the variance of children ever born great-
ly exceeds the mean. Boyle (1983) reviews other types of models of hu-
man reproduction, including modified Poisson, binomial, and negative

binomial densities.

7.2 Applications

7.2.1 Data Collection

The analyses of age at last birth and reproductive span were con-
fined to women currently aged 45 to 49 in 1980, in order to obtain the
most accurate measures possible of the two variables. The EFS did not

collect data on women over age 49, so there i~ no information on fer-
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tility of these women. '
Since there may be some births to women over age 49, and also to

women in the lower ages of the 45-49 interval, it would be desirable to ex-

tend data collection on fertility to women through age 54. Then perhaps ,

more accurate analyses of age at last birth and reproductive span could

be done on women aged 50 to 54.

7.2.2 Replication

It would have been useful to repeat some of the analyses done on
the EFS data on another national sample of Egyptian women, in order to
assess the reliability of the findings of this study. Such replication
was not possible here because of the lack of any such data collected in
Egypt during the last ten years. Forthcoming national surveys, however,
may provide the opportunity for replication of the analyses done on the .
EFS. In particular, it would be interesting to see how well projected
age-specific fertility rates, done via the Poisson model, compare with .

future observed rates.

7.2.3 Analyses by Different Geographic Regions

In the analyses done in this study, geographic comparison was by
type of place of current residence. The effects of current residence
in rural regions was compared to urban residence. Other regional com-
parisons could be between Upper (Southern) Egypt and Lower (Northern)
Egypt.

Analysis also could be limited to Cairo, where the highest popula-
tion density is. If there has been enough migration from rural areas

into Cairo, then comparisons could be made between urban and rural child-

hood place of residence. This method would assess the effect of women's
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upbringing in rural or urban regions. In the case of significant mi-
gration, one could compare women who spent their childhoods in rural
areas and later migrated to Cairo, with women who remained in rural re-
gions. This comparison would assess the effect of urbanization on age

at last birth and/or length of the reproductive span.

7.2.4 Use of Indirect Modeling for Comparative Purposes

The indirect modeling in chapters III and IV developed formulas
for obtaining summary measures of mean age at last birth and mean re-
productive span for a population of interest. Since it was shown that
accounting for mortality does not make much difference in the mean esti-
mates obtained, this method requires only that a set of age-specific fer-
tility rates be available for the population of interest. For the pre-
sent research, these rates were available only for all Egyptian women,
so that the estimates of the means obtained here were for all of ngpt.

An extension of this indirect modeling is the application of the
same formulas to obtain estimates of mean age at last birth and repro-
ductive span, and their variances, for subgroups of a population--rural
and urban subgroups, for example. The only requirement is that age-
specific fertility rates be available or obtainable for each subgroup.

Group comparisons then can be made by comparing the group means.

7.2.5 Projection of Age at First Birth

Chapter V of this dissertation was concerned with the projection
of maternal age at last birth. When projected age-specific fertility
rates were obtained by use of a covariate model of children ever born,
the projected mean age at last birth was obtained, by using the formulas

of the indirect modeling described in chapter III. The same projected

.rates can be used to project the mean age at first birth by applying the
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method presented in table 4.2 of chapter IV. These projections can be .

of use to people desiring to study the beginning of the childbearing period.

7.2.6 Use of Additional Time-dependent Covariates in Hazard Modeling

In the hazard model (3.7) presented in chapter III, the variable
PARITY was treated as a time-dependent covariate, since its value chang- :
es as women progress through the reproductive ages. Model (3.7) then
may be viewed as a refinement of model (3.1), in which all covariates
were fixed, although results of both fitted models were similar, Fur-
ther refining of model (3.7) could be done by allowing age at first
marriage and the marital status variables also to change with time.

However, it should be cautioned that the use of several time-dependent

covariates in a hazards model can incur unusually high computer costs.

. ’
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