
Chapter V

ANALYSIS OF REPRODUCTIVE PROCESS

Robert G. Potter*

A. BACKGROUND INFORMATION

1. Rationale

Suppose that, on the basis of a life-table analysis,1

something is known about the continuation with which a
sample of couples is practising contraception and that one
wishes to convert this protection time into an estimate of
fractional births averted per user. Ofvalue here are certain
procedures comprising the reproductive process analysis
(RPA) considered in this chapter. Four basic steps are
involved. For each cohort of acceptors, practice of the
contraceptive is first translated into a continuation func
tion (i.e., proportions still using as a function of duration
since acceptance); secondly, the continuation function is
converted into fractional years of protection per acceptor
during each succeeding year after acceptance; thirdly, the
corresponding annual rates (lagged nine months to allow
for pregnancy time) of potential fertility to be expected in
the absence of the contraceptive are estimated; and, lastly,
products of annual fractional protection and potential
fertility are summed to yieldbirths averted per acceptance.
If averages are used at each step--for example, mean
lengths of usage and of protection and a mean potential
fertility rate-instead of annual coefficients, formulae are
simplified, although with some loss of flexibility and
information.

The approach is illustrated here primarily in terms of
the intra-uterine device (IUD). Nevertheless, the basic
logic is applicable in a straightforward fashion to any
contraceptive (including sterilization) for which a con
tinuation function may be derived. To encompass induced
abortion, it is necessary to credit each abortion with a
specifiedamount of protection time, in effect treating it as
though it were a contraceptive.

The perspective taken is that a couple is either sterile or,
if not sterile, that the female partner at any moment is in
one of three states: pregnant; temporarily anovulatory
after a pregnancy termination; or fecundable and at risk of
a conception. In the absence of contraception and induced
abortion, the non-sterile female partner passes through

• Professor, Department of Sociology, Brown University, Provi
dence, R.hode Island. Professor ~otter's work on this chapter was
fin.anced In part by Ford Foundation grant No. 630-03610, National
SCience Foundation grant No. SOC76-12342 and Population Council
grant No. D74.44A.
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successivecycles of pregnancy, anovulation and fecunda
bility, with some or all of her pregnancies leading to live
births. For the non-sterile couples, the potential birth rate
expected in the absence of the contraceptive under study
tends downward with advancing age for several reasons.
First of all, as one passes beyond the ages of highest
marriage rates, the proportion of birth intervals that are
from marriage to first birth, and therefore not including
an episode of post-partum anovulation, decreases in
relation to birth-to-birth intervals. Also, fecundity? tends
to decline with advancing age, while the likelihood that
some other means of fertility regulation, if not the
contraceptive under study, would have been practised is
usually rising.

Contraception reduces fertility indirectly by the mech
anism of holding the woman in the fecundable state
longer than would otherwise be the case, thereby in
terrupting for a time the childbearing cycle and causing a
forfeiture of potential fertility during the period of
interruption. Often a span of childbearing interruption is
shorter than the corresponding segment of contraceptive
usage. No potential fertility is being lost if the couple
practising contraception is already sterile. Nor is child
bearing interruption contributed by the segments of
practice coinciding with post-partum anovulation. If n
fecundable months of contraceptive practice end in
accidental pregnancy, then less protection is being con
ferred than if the n fecundable months of practice did not
so terminate; indeed, the former period of childbearing
interruption may be interpreted as shorter than the latter
by an amount equal to the expected number offecundable
months required for a conception in the absence of the
contraceptive under evaluation. Thus, to convert mean
length of usage into per acceptor childbearing inter
ruption, it is necessary to impose a number of
adjustments.

2. Previous study

Two schemes for carrying out the operations of repro
ductive process analysis were developed independently by
the present author' and by Wolfers4

. The principal

. 2 By fecundit~ is meant the capacity (of a woman) to produce a live
birth, A woman IS fecundable ifhercondition at the time is such that she
can conceive, i.e., she is neither pregnant, lactating, in a state of
amenorrhoea or In another condition that would prevent conception in
a normally fecund woman.

3 Robert G. Potter, "Estimating births averted in a family planning
program", in S. J. Behrman, Leslie Corsa, Jr. and Ronald Freedman,



and

formulae of the former scheme were:

I
B=[j

1= F(R-A-PW)

where B = births averted per segment of
contraception;

I = average duration that childbearing is
interrupted;

D = average duration per birth required in the
absence of the contraceptive;

R = mean length of contraceptive segment;
F = proportion of couples non-sterile at time of

acceptance;
A = allowance for contraceptive overlap with

post-partum anovulation;
P = proportion of segments ending in an acci

dental pregnancy;
W = penalty per accidental pregnancy.

In computing R, the usual life-table analysis recognizing
pregnancy, expulsion and removals as reasons for discon
tinuing the intra-uterine device were expanded to include
the extra competing risks of marital dissolution by death
of a spouse and onset of secondary sterility. The logic of
the analysis required that the D-term refer to the fertility
of non-sterile women only. There being no way to observe
directly non-sterile women, their potential fertility was
estimated indirectly as follows. The expected durations D
per birth in the absence of an IUD were estimated by
taking reciprocals of the birth rates observed among IUD
acceptors during the three years before acceptance.
Interpolation was used to adjust for the fact that the IUD
acceptors were older while wearing the device than during
the three years preceding acceptance. For each five-year
age group three alternative estimates of potential fertility
were derived, one being an estimate of "gross" potential
fertility in the absence of any contraception and steri
lization, taken from the experience of acceptors who
reported no contraceptive practice during the three years
before acceptance; a second being the "net" potential
fertility expected if the level of contraceptive usage in the
absence of an IUD would have remained at the level
observed among all IUD acceptors during their three
years before acceptance; and third and most conservative,
the "net" potential fertility expected if usage of con
traception in the absence of an IUD had risen to the level
characterizing the subsample of IUD acceptors who
reported ever using during the three years before accept
ance. Actually, in the latter two estimates of net potential
fertility, provision was also made for acceptance of
sterilization at the age-specificrates observed among non
acceptors of IUDs in the same population (Country C).

Exhibiting quite different procedures, Wolfers's

eds., Fertility and Family Planning: A World View (Ann Arbor,
University of Michigan Press, 1969), !,p. 413-434. . .

4 David Wolfers, "The demographic effects of a family planning
programme", Population Studies, vol. XXIII (March 1969), pp. 111
141.
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scheme of analysis embodied the same basic logic, oper
ationalizes the same list of factors and, like the other
scheme, also estimates births averted for acceptor cohorts
rather than for calendar years. A major procedural
contrast was that, in his approach, the analysis proceeds
month by month, with the various. corrections being
imposed on each successive ordinal month of IUD
wearing-time and with the cumulations of childbearing
interruption and births averted carried along. Another
difference was that durations per potential birth were
estimated by means of age-specific prospective birth
intervals. By a mean prospective birth interval for age
group x to x + 4 is meant the average length of all closed
birth intervals commencing while the mother was aged
from x to x +4. Under this definition the more highly
fecund women could be expected to contribute more birth
intervals on average than the less fecund women.

3. Criticism of reproductive process
analysis approach

The two schemes discussed above have been subjected
to a variety of criticisms," six of which are worth
mentioning:

(a) Estimates of net potential fertility, involving as
they do conjectures as to what amounts of contraception,
abortion and sterilization the acceptors might have
practised if they had not adopted the method they did, are
necessarily speculative. On the other hand, even if
estimating gross potential fertility is a less speculative
enterprise than estimating net potential fertility, reckon
ing births on this standard is to answer a question in
which the administrator is frequently not interested;

(b) Pre-acceptance birth rates are influenced by the
arbitrary lengths of the base period chosen for their
computation and, at younger ages, are likely to be biased
upwards by chance factors, therefore leading to inflated
predictions of future fertility. 7 Regarding prospective
birth intervals, at progressively older ages, they are
subject to an increasing truncation bias owing to the fact
that shorter birth intervals have more chance of closure
before onset of secondary sterility than do long birth
intervals.

(c) The concept of averted births applies awkwardly to
spacers employing contraception in order to delay rather
than to prevent the next birth;

(d) Because neither of the published schemes relate
averted births to calendar time, they are of little use for
setting quotas of acceptors needed to achieve designated
reductions of population birth or growth rates;

6 J. C. Barrett and W. Brass, "Systematic and chance components in
fertility measurement", Population Studies, vol. XXVIII (November
1974),pp. 473-493; Lee L. Bean and William Seltzer, "Couple years of
protection and births prevented: a methodological examination",
Demography, vol. 5, No.2 (1968), pp. 947-959; C. Chandrasekaran,
D. V. R. Murty and K. Srinivasan, "Some problems in determining the
number of acceptors needed in a family planning programme to achieve
a specified reduction in the birth rate", Population Studies, vol. XXV
(July 1971), pp. 303-308; and W. Parker Mauldin, "Births averted by
family planning programs", Studies in Family Planning, vol. I, No. 33
(August 1968), pp. 1-7.

7 For an illustration, see annexes I and II, " Fertility projection/trend
analysis", in this Manual.



(e) Data demands are inordinately heavy;
(f) The procedural details of the two schemes are not

only specialized to intra-uterine contraception, but each
is tailored to a unique constellation of data that is not
repeated elsewhere; and perhaps mainly for this reason,
neither of the published schemes has ever seen
replication.

In a valuable critique, Wolfers" has responded to some
of these criticisms and presented a synthesis of the best
elements of the two published versions of reproductive
process analysis. In the present chapter, rather than
offering still another exposition of the two methods with
little hope of improving on Wolfers' most recent treat
ment, it is proposed to present and i11ustrate a relatively
cruder but more pragmatic version of this approach. By
sacrificing some of the conceptual niceties, data require
ments have been greatly reduced. This new version is
described in the next section. Strategems for coping with
deficient data are next discussed, followed by a numerical
i11ustration of procedures. A last section deals with
interpretation of results and some possible extensions.

B. DESCRIPTION OF METHOD

I. Distinguishing features

Five features distinguish what is being called the
pragmatic version of analysis of reproductive process
from its more ambitious predecessors. First, it treats only
gross births averted, not net births averted. Gross births
averted per acceptance ofa contraceptive is operationally
defined as the difference between average per capita
number of births to be expected ofwives ofa specified age
(if during a marriage duration equal to the estimated
average length of usage of the contraceptive, no con
traception was being practised) and the number that
actually occurred to wives of that age. Net births averted
is the corresponding per capita number of births during
the same marriage duration but with allowance made for
the alternative contraception that the wives might have
practised had they not accepted the contraceptive that
they did. Gross births averted can be more objectively
assessed than net births averted from the standpoint that
an estimate of natural fertility (potential fertility in ab
sence ofcontraception or abortion) is typically subject to
a narrower range of indeterminacy than an estimate of
potential fertility predicated on the alternative methods
of contraception and abortion that the couples might
have been practising had they not accepted the method
they did. The distinction between gross and net births
averted is more fully discussed in a recent study."

8 David Wolfers, "Births averted", in C. Chandrasekaran and Albert
I. Hermalin, eds., Measuring the Effect ofFamily Planning on Fertility,
published by the International Union for the Scientific Study of
Population for the Development Centre of the Organisation for
Economic Co-operation and Development (Dolhain, Belgium, Ordina
Editions, 1975), pp. 163-214.

9 Dorothy L. Nortman and others, Birth Rates and Birth Control
Practice: Relations Btlsed on the Computer Models TABRAP and
CONVERSE (New York, The Population Council, 1978); see, in
particular, chap. I.
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A second distinguishing feature of the present ap
proach is that potential fertility in the absence of
contraception is estimated on the basis of age schedules
of marital fertility, data that are much more likely to be
available than either age-specific pre-acceptance birth
rates or prospective birth intervals. Thirdly, respecting
the life-table analysis of continuation, it is assumed that
included among the coded reasons for discontinuation
are separation and divorce as well as marital dissolution
by death of a spouse. Fourthly, several tables are
furnished, specifying conditions under which particular
corrections are more or less important. These tables serve
to narrow the range ofuncertainty when only some ofthe
data desired are available or else indicate the magnitudes
of bias being risked if missing data force one to borrow or
forgo an individualized correction factor. Fifthly, the
effects of some couples being already sterile or becoming
sterile during contraceptive practice is automatically
registered in the adjusted marital birth rates employed as
measures of potential fertility.

2. Overview of method

As with the more elaborate versions of analysis of
reproductive process, in this version reliance is sti11 placed
on a life-table analysis in order to derive the uncorrected
proportions of acceptors R(v) continuing use of the
method for v months. Because the observation period is
often no longer than 12 or 18 months, a curve such as the
modified negative exponential"? must be fitted to the
proportions R(v) so that they may be extrapolated and
an estimate of total wearing-time derived.

The estimates needed and their symbols are as follows:
1. Age schedule of potential fertility (marital fertility

in absence of deliberate birth control): m(x);

2. Adjustment of the schedule given above to yield the
age schedule of gross potential fertility m*(x, x + 5i,k) of
women accepting at ages from x to x + 4 and currently
ages x + 5i to x +4 + 5i whose mean open interval
between previous birth and acceptance was k years;

3. Life-table estimates of retention R(v);

4. A modified negative exponential function fitted to
the life-table proportions R(v) to yield parameters a and r
from which to estimate mean retention time and its
partitioning into annual subsegments;

5. Allowance (in months) for overlap A between
contraceptive practice and post-partum amenorrhoea;

6. Penalty PW for accidental pregnancy, where P
designates the expected proportion of contraceptive
segments ending in accidental pregnancy and W signifies
the mean fecundable period (months) per conception in
the absence of contraception;

7 Childb ., . 1 A PW .. I eanng mterruption = R - - - - and ItS
12 12

partitioning into annual components 1(0,1), 1(1,2),

10 W. Parker Mauldin, Dorothy Nortman and Frederick F. Stephan,
"Retention of IUD's: an international comparison", Studies in Family
Planning, No. 18 (April 1967), pp. 1-12.



· .. , during the first, second and so on years follow
ing acceptance;

8. Linking childbearing interruption and potential
fertility to derive B, gross births averted per acceptance.

If one is dealing with sterilization instead of IUD, then
as a substitute for a life-table analysis and its extrapol
ation (steps three and four), one requires:

9. Estimated proportions R *(v) still usefully protected,
having avoided marital dissolution by divorce, separation
or death of a spouse.

These several steps are considered below in more detail.

3. Steps of analysis

Step one

The potential fertility rates m(x), x = 20,25, ... ,45 in
the absence of contraception refer to age groups 20-24,
25-29, ... ,45--49. Any alleged contraceptive use during
ages 15-19 is added to that ofage group 20-24. Typically,
one does not have for the population from which the
sample of acceptors come an empirical age schedule of
fertility that may be interpreted as reflecting freedom from
birth control. For purposes of improvising such a
schedule, reliance is placed on a two-parameter model of
marital fertility described elsewhere ll wherein:

r(x) = Mn(x)e-mv(x)

where r(x) = age-specific marital fertility rate of the age
group from x to x +4;

n(x) = natural fertility rate of the age group
from x to x = 4, with values of 0.450,
0.431, 0.395, 0.322, 0.167 and 0.024 for
x = 20, 25, ... , 45;

v(x) = fixed coefficients constraining the decline of
marital fertility with advancing age, v(x)
= 0.000, - 0.279, - 0.677, - 1.042, - 1.414
and -1.671, for x = 20, 25, ... , 45;

M = scale parameter;
m = parameter controlling the intensity of effect

from the v(x) coefficients and indexing the
extent of birth regulation.

To represent natural fertility m is set equal to zero, which
renders e-mv(x) equal to one, and the problem of esti
mation then is reduced to finding a suitable value of M.
The mechanics of this derivation are deferred until the
next section. For the present, it is assumed that the age
schedule m(x) is available.

Step two

The second step is to adjust m(x) so as to reflect the
fecundity differences between users and all wives of the

11 Ansley J. Coale, "Age patterns of marriage", Population Studies,
vol. XXV (July 1971), pp. 193-214; Robert G. Potter, "Contraceptive
impact over several generations", in T. N. E. Greville, ed., Population
Dynamics (New York, Academic Press, 1972), p. 140; Ansley J. Coale
and T. James Trussell, "Model fertility schedules: variations in the age
structures of childbearing in human populations", Population Index,
vol. 40, No.2 (April 1974), pp. 185-203; Ansley J. Coale, "Erratum",
Population Index, vol. 41, No.4 (October 1975), p. 572.
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same age group. Users are apt to be more fecund than
wives of the same age drawn at random if only because
those who have reason to believe themselves seriously
subfecund or sterile are less likely to accept a con
traceptive than those who have no cause to doubt
their fecundity. Let sFx denote fecund years lived by
women during ages from x to x +4 out of 100,000 sur
viving women, taken from the fecundity decrement
table of Pittenger. 12 The corresponding average p~

portion non-sterile during t~ese ages is designated by sS x

= sFxl5oo,000. Values of sSxand its complement sSx are
given in columns 5-12 of table 73.

It is assumed that so long as they are non-sterile, users
and wives of the same age drawn at random share the same
potential fertility and also the same conditional prob
abilities of becoming secondarily sterile. However, by
virtue of shorter open intervals since last birth, IUD
acceptors have a lower proportion sterile than coeval
women, i.e., women of the same age or age group, drawn at
random. Indeed, among acceptors aged from x to x +4
whose open interval since last birth is k ~ars~ the
proportion expected to be non-sterile is sSxlsS x - k;
wher~s for women aged from x to x +4 taken at random
it is sSx. Thus, the potential fertility of the acceptors may
be estimated as the potentia!..fertility of like aged wives
taken at random divided by sSx-k for x = 20,25, ... ,45
and k = 0, 1, 2, 5.

Steps three and four

Assume for steps three and four that the monthly
proportions R(v) continuing the device have been calcu
lated from a life-table analysis. To estimate average
wearing time R (in years), one employs the model
proposed by Mauldin and his colleagues: 13

R(v) = ae- vr/12

where a is the proportion of acceptors not discontinuing
right away and r/12 is the monthly risk (and r the annual
risk) of discontinuing among those not discontinuing
right away. Estimates of the two parameters, aand f, may
be derived either by passing to natural logarithms so that
the model becomes log n R (v) = In a - vr/12 and then
using a least-squares argument or else utilizing a max
imum likelihood procedure found in Kulkarni and
Potter. 14 Mean retention is given by R = a/f. Wearing
time may also be partitioned into annual subsegments R(k
- 1, k) during the kth ordinal year from insertion:

R(k-1, k) = ~(e-;(k-I)_e-;k)

k = 1, 2, ....

12 Donald B. Pittenger, "An exponential model of female sterility",
Demography, vol. 10, No. I (February 1973), p. 119, table 3.

13 W. P. Mauldin, D. Nortman and F. F. Stephan, loc. cit.
14 P. M. Kulkarni and R. G. Potter, "Extrapolation of IUD

continuation curves", Population Studies, vol. XXX (July 1976), pp.
353-368.



TABLE 13. COEFFICIENTS FOR CONVERTING THE AGE SCHEDULE OF NATURAL FERTILITY m(x) INTO THE AGE SCHEDULE OF GROSS POTENTIAL FERTILITY m* (X, x, k)

Fecund years lived during Average Average proportion Adjustment factor 1/SSx-i for
interval from x to x + 1 proportion,2J0n-sterile sterile converting m(x) schedule into

sF.y;b sSxc s~d m* (x, x, k) schedule
Age

range" K~O K ~ 1 K ~2 K = 5 K ~O K ~ I K = 2 K =5 K~O K=I K=2 K =5 K=O K=I K=2 K=5

(from x to x+4) (1) (2) (3) (4) (5) (6) (7) (8) (9) (/0) (JI) (12) (/3) (U) (/5) (/6)

20-24 .................. 4.86011 4.81153 4.88022 4.89111 0.912 0.914 0.916 0.919 0.028 0.026 0.024 0.021 1.029 1.026 1.025 1.021
25-29 ............. , .... 4.15061 4.18316 4.80932 4.86011 0.950 0.951 0.962 0.912 0.050 0.043 0.038 0.028 1.052 1.045 1.040 1.029

00 30-34 ............. , .... 4.42802 4.52119 4.59815 4.15061 0.886 0.904 0.920 0.950 0.114 0.096 0.080 0.050 1.129 1.106 1.081 1.0520
35-39 .................. 3.56199 3.80526 4.00609 4.42802 0.114 0.161 0.801 0.886 0.286 0.239 0.199 0.114 1.401 1.314 1.248 1.129
4(}-44 .................. 1.83116 2.23941 2.62219 3.56199 0.368 0.448 0.525 0.114 0.632 0.552 0.415 0.285 2.111 2.233 1.906 1.401
45-49 .................. 0.24418 0.44410 0.11184 1.83116 0.049 0.089 0.144 0.368 0.951 0.911 0.856 0.632 20.408 11.244 6.965 2.111

SOURCE: Donald B. Pittenger, "An exponential model offemale sterility", Demography, vol.
10, No. I (February 1913), p. 119, table 3.

a Ages from x to x +4 at last birthday which in his fecundity decrement table (table 3)
Pittenger construes as exact ages x +0.5 to x +4.5.

b Values for 5F, computed from Pittenger's fecundity decrement table (table 3).
C Values for 58 x computed from the Fx values of Pittenger's fecundity decrement table (table 3)

using 58. = (Fx + O.5+FX +1.5 + ... + FX + 4.5)/5oo,OOO.
d 58. = I- 58•.



Step five

The extent of overlap between contraceptive practice
and post-partum anovulation depends upon the in
teraction of a number of factors: lengths of post-partum
anovulation; lengths of open interval from last pregnancy
termination to acceptance; the continuation with which
the contraceptive is practised; and the proportion of
pregnancies ending in a live birth (since overlap will be
small after a stillbirth or abortion). Two additional
qualifying factors are, first, that users tend to be selected
for longer than average anovulation than non-users; and
secondly, that the proportion of contraceptive segments
associated with non-zero overlap is affected by the
intensity ofcompetition between pregnancy and initiation
ofcontraception whenever contraception is deferred until
after end of post-parturn amenorrhoea.

One can hardly be intuitive about so complex a process.
Direct data on overlap are virtually never available. Table
74, which furnishes estimates of overlap following a birth
expressed as proportions of total retention time, may

assist in deciding how important in particular cases the
allowance for overlap is. Table 75 expresses overlap in
absolute numbers of months A. (For algebraic details, see
section F.1.) In the two tables, it is assumed that, among
women selected at random, post-partum anovulation
varies according to a Pascal distribution with parameters
(2, 2/h), where h denotes mean length of anovulation; that
the conditional monthly probability of initiating con
traception after a birth Pi (if not already pregnant) is n;
and thus, but for the competition of pregnancy, the open
interval from birth to acceptance would follow a
geometrical distribution with a mean of l/n; that con
traception of effectiveness 1 is subject to a mo.nthly.risk
of discontinuation r/12 (among those not discontinu
ing right away) and therefore has an expected retention
span of 12/r months; and that fecundability f follo~ing

anovulation equals 0.20. One enters the tables with a
choice of h, r/12 and n. To allow for a proportion a of
pregnancies ending in abortion or stillbirth and a fraction
of acceptors 1- a discontinuing right away, multiply the
results of tables 74 and 75 by the factor (1 - a)a.

TABLE 74. PROPORTION OF RETENTION TIME OVERLAPPING WITH ANOVULATION AS A FUNCTION OF

EXPECTED LENGTH OF ANOVULATION. MONTHLY DISCONTINUATION RATE AND MONTHLY PROBABILITY

OF INITIATING CONTRACEPTION"

Conditional monthly probability of initiating
Monthly contraception

Mean length discontinuation
of anovulation rale a 1.0 0.5 0.2 0.1

Three months .............. 0.05612 0.16 0.11 0.06 0.03
0.02846 0.08 0.06 0.03 0.02
0.01191 0.04 0.03 0.01 0.01

Eight months ......•....... 0.05612 0.35 0.31 0.23 0.17
0.02846 0.20 0.18 0.13 0.10
0.01191 0.09 0.08 0.06 0.04

Twelve months ............. 0.05612 0.46 0.42 0.35 0.28
0.02846 0.28 0.26 0.21 0.17
0.01191 0.13 0.12 0.10 0.08

SOURCE: Table values are based on formula given in section F.1 of this chapter.
a Rates correspond to 25, 50 and 75 per cent continuing two years or longer.

TABLE 75. MONTHS OF OVERLAP BETWEEN ANOVULATION AND CONTRACEPTION AS A FUNCTION OF
EXPECTED LENGTH OF ANOVULATION, MONTHLY DISCONTINUATION RATE AND MONTHLY PROBABILITY
OF INITIATING CONTRACEPTION

Conditional monthly probability of initiating
Monthly contraception

Mean length discontinuation
of anovulation rale a 1.0 0.5 0.2 0.1

Three months ............... 0.05612 3 2
0.02846 3 2
0.01191 3 2

Eight months ................ 0.05612 6 6 4 3
0.02846 7 6 5 3
0.01191 8 7 5 4

Twelve months .............. 0.05612 8 8 6 5
0.02846 10 9 7 6
0.01191 11 10 8 7

SoURCE: Table values are based on formula given in section F.i of this chapter.
a Rates correspond to 25, 50 and 75 per cent continuing two years or longer.
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i = 2,3, ....

q

B = i;O I(i, i + l)m*(x, x + i + 1.25, k),

where the summation is extended until at i = g, the
I( )m*() term falls below some predesignated criterion
value such as 0.01. Respecting m*(x, x + i + 1.25, k), if Xl

and X 2 are the two multiples of 5 which bracket x +i
+ 1.25 = j, then by linear interpolation:

I times potential fertility taken at the mean age during
protection, in symbols:

B = I· m* (x, x +0.75 +0.5a/r*, k)

Such a crude measure is defensible only when the ages of
acceptors are below 35 years and r* is high enough to give
alr" < 5. Under these conditions, potential fertility is not
changing markedly during the retention time of most
acceptors. For older acceptors subject to rapid changes of
potential fertility, or when continuation is long owing to a
low r*-value, a more refined measure is needed. Women
aged from x to x +4 at acceptance average from x +i
+0.5 to x +4 + i +0.5 years during ordinal year (i, i + 1)
after acceptance. Moreover, the effect of contraception
upon fertility is delayed nine months by pregnancy.
Hence, one may put:

5-(x+j-xd
5 m*(x, Xl' k)

5-(X2- x - j)
+ 5 .m*(x, x 2 , k)

m*(x, x +j, k)

Step nine

Before turning to data problems and strategems to cope
with them, it is worth assessing the attrition on protection
time resultant from marital dissolution by death of a
spous~. Other than protection by sterilization, mortality
and divorce are the two major attritions. The assumptions

. underlying tables 76and 77 are that mortality conforms to
the Coale-Demeny!" West model life tables, that hus
bands and wives have independent risks, that husbands
are a constant D years older than wives and that con
tinuation of contraception varies according to the nega
tive exponential function with parameter r. In the case
of sterilization, r may be taken as zero. Accidental
pregnancies and overlap with anovulation are ignored.
Algebraic details are given in section F.2 of this chapter.
Table 76 presents proportionate reductions of retention
time as the result of spouse mortality; table 77 shows the
corresponding proportionate reductions in gross births
averted. The latter reductions are appreciably smaller than
the former because mortality is highest at the ages when
potential fertility is low. The two tables are entered with a
stipulated life expectancy for females, an age of wife at the
beginning of contraception, monthly discontinuation rate
and seniority of husband. The implications of tables 76
and 77, as well as of the preceding tables, are addressed
in the next section.

r
l/r* = l/r - PW/12, or r* = ---

l-rPW/12

Then 1(0,1) = ;* (l-e- r
• )-A/12

I(i -1, i) = ae-::
i
-

1l
(l-e- r . )

Step six

With regard to the penalty for accidental pregnancy, it
is argued elsewhere I

5 that if a contraceptive is 98 per cent
effective, say, meaning that it is reducing a woman's
fecundability to 2 per cent of natural value, then an
appropriate penalty for accidental pregnancy is 2 per cent
of total average retention time. Stated more abstractly, if a
contraceptive has an effectiveness e, 0 S; e S; 1, then the
penalty for accidental pregnancy as a proportion of
retention time should be 1 - e. In ordinary circumstances
the value of 1- e for IUD, oral contraception or sterili
zation is well below 0.05 and the correction may
be ignored without major distortion.

Another approach leading to an individualized adjust
ment, PW, becomes possible when the results are avail
able from a multiple-decrement life-table analysis of
continuation in which coded reasons for discontinuation
include accidental pregnancy. This approach is discussed
in the next section.

It remains to consider how the estimates in the steps
from one to six may be combined into measures of
corrected protection time and gross births averted.

Step seven

For a gi~en group of acceptors aged from x to x +4,
corresponding protection time (in years) is given by 1 - R

- ~ - ~~, ( R - ~) ( 1- e). or simply R - ~ depend-

ing upon the way in which the penalty for accidental
pregnancy is handled. If the penalty is ignored, then
woman-years of protection during the first and sub
sequent years after acceptance are given by:

1(0, 1)=~(I-e-r)-~

I(i -1, i) = ae-:
i

-

l l
(l-e- r

) i = 2,3, ....

If PW is non-zero, then one must adjust r downward to
represent the penalty for accidental pregnancy as it affects
each annual segment, which is readily done. One wants to
change parameter r to r*, such that:

Step eight

The simplest measures of gross births averted among
acceptors aged from x to x +4 is corrected protection time

15 R. G. Potter, "Contraceptive impact over several generations",
loc. cit.

16 Ansley J. Coale and Paul Demeny, Regional Model Life Tables and
Stable Populations (Princeton, N. J., Princeton University Press, 1966).
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TABLE 76. PROPORTION OF RETENTION TIME LOST DUE TO DEATH OF EITHER SPOUSE AS A FUNCTION OF LIFE EXPECTANCY OF WIFE. SENIORITY OF
HUSBAND, WIFE'S AGE AT BEGINNING OF CONTRACEPTION AND MONTHLY DISCONTINUATION RATE

Wife aged 25 at Wife aged 35 at
beginning of beginning of
contraception contraception

Life expectancy Seniority
offemales 01 of Discontinuation rate Discontinuation rale

birth husband
(years) (years) 0.056/2 0.02846 O.()()()(}(J 0.056/2 0.02846 O.()()()(}(J

70 ................ 0 0.006 0.018 0.201 0.009 0.026 0.1l8
5 0.007 0.020 0.233 0.012 0.033 0.147

10 0.008 0.024 0.282 0.015 0.044 0.191

60 ................ 0 0.014 0.039 0.340 0.019 0.050 0.203
5 0.015 0.042 0.369 0.022 0.058 0.234

10 0.017 0.048 0.408 0.026 0.070 0.276

50 ................ 0 0.023 0.062 0.450 0.030 0.076 0.284
5 0.025 0.067 0.474 0.034 0.084 0.314

10 0.027 0.073 0.503 0.039 0.096 0.351

SoURCE: Table values are based on formula given in section F.2 of this chapter.

TABLE 77. PROPORTIONAL REDUCTION IN GROSS BIRTHS AVERTED RESULTING FROM DEATH OF EITHER SPOUSE AS AFUNCTION OF LIFE EXPECTANCY OF
WIFE. SENIORITY OF HUSBAND, WIFE'S AGE AT BEGINNING OF CONTRACEPTION AND MONTHLY DISCONTINUATION RATE

Wife aged 25 at Wife aged 35 at
beginning of beginning of
contraception contraception

Life expectancy Seniority
offemales 01 of Discontinuation rate Discontinuation rate

birlh husband
(years) (years) 0.056/2 0.02846 O.()()()(}(J 0.056/2 0.02846 O.()()()(}(J

70 ................ 0 0.006 0.015 0.088 0.008 0.014 0.039
5 0.006 0.017 0.101 0.009 0.018 0.049

10 0.008 0.020 0.124 0.012 0.024 0.064

60 ................ 0 0.013 0.034 0.172 0.016 0.029 0.074
5 0.014 0.036 0.188 0.018 0.034 0.086

10 0.016 0.041 0.212 0.022 0.041 0.103

50 ................ 0 0.022 0.054 0.253 0.025 0.046 0.1l2
5 0.024 0.058 0.270 0.028 0.052 0.124

10 0.026 0.064 0.294 0.032 0.059 0.142

SOURCE: Table values are based on formula given in section F.2 of this chapter.

c. USE OF METHOD

This section covers some procedural details omitted in
the previous section but mainly considers stratagems for
dealing with deficient data.

1. Procedural details and problems of deficient data

Age schedule of natural fertility

Ideally, one has at hand an empirical age schedule of
marital fertility that can be interpreted as reflecting the
absence of birth control. If ratios (n(20+ 5i) - m(20
+ 5i))jn(20+ 5i), i = 0, 1, ... , 5, are computed-as
shown below in column (3) of table 79-and they show a
rapid and marked decline with advancing age, then the
presumption of widely diffused birth control is plain. If
the decline is gradual enough to create uncertainty, then a
more formal test is to fit the two-parameter model of
marital fertility!" and examine whether the derived m
value is close to zero. The listing of a computer program

17 A. J. Coale and T. J. Trussell, loco cit.
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designed to conduct this test is furnished in section F.3.
Application of the computer program to an extensive
collection of marital fertility schedules18 produced 13 m
values in the range of from -0.20 to 0.29, 9 of them from
0.30 to 0.89, and 30 exceeding 0.90. Any m less than 0.30
implies that marital fertility is being only secondarily
affected by deliberate birth control.

If little spacing effort may be assumed, then one can
accept the observed marital birth rate m(20)for ages 20-24
as approximating natural fertility for those ages even if
older ages are affected by efforts to limit family size. Then
one may set M = m(20)jn(20) and calculate m(20+ 5i) as
Mn(20 + 5i) for i = 1,2, ... ,5, with the n(20 + 5i)coming
from Coale's model described earlier.

If the observed age schedule of marital fertility is
affected by birth control at all ages, one can contrive an
estimate of m(20) as follows. Assume that ~he average
proportion non-sterile during ages 20-24 is sS 20 = 0.972,
calculated on the basis ofdata from Pittenger. 19 Postulate

18 Demographic Yearbook 1965 (United Nations publication, Sales
No.66'xm.I), "Natality statistics", pp. 568-573.

19 Loc. cit., p. 119.



the mean natural birth interval b to be expected of non
sterile couples aged 20-24 guided by what~ver frag~en

tary information is available about lactation practices,
nutrition levels and rates of spontaneous foetal wastage.
The three standards found in table 78 are no more than
suggestive. The "optimistic" (i.e., optimistically high fer
tility) standard of 20 months presupposes no bre~st

feeding, good nutrition and rates of spontaneous abortion
and stillbirth of 0.18 and 0.02; the intermediate standard
of 27 months assumes the same conditions except that
breast-feeding replaces bottle-feeding. The conser
vative estimate of 34 months is predicated on lactation,
malnutrition and rates of abortion and stillbirth of 0.20
and 0.05. Further details about table 78 are given in sec
tion F.3. Given an estimate of b (in months), then m(20)
= 0.972(l2.000)/b; M = m(20)/0.460; and with m = 0,
m(20+ 5i) = Mn(20+ 5i).

menopause as a reason for discontinuation leads to a
problem of double-counting because these self-diagnosed
onsets of sterility are being allowed to depress both the
measures of continuation and of potential fertility.

Extrapolation of continuation curve

If the period of observation is short, say under two
years, and if the monthly conditional probabilities of
discontinuation show a steep decline, it is likely to mean
that the sample of women is highly heterogenous with
respect to their risks of discontinuatio~. Under th~se

conditions, use of the modified negative exponential
function to extrapolate the continuation curve will often
lead to an underestimate ofaverage retention time. Other,
more elaborate curves exist that by taking heterogeneity
explicitly into account lead to less biased estimates.i"

TABLE 78. DECOMPOSITION OF THREE STANDARD BIRTH INTERVALS

RELEVANT TO AGES 20-24 YEARS UNDER CONDITIONS OF NATURAL

FERTILITY'

a For details, see section F.3 of this chapter.

Component (months) High

Pregnancy leading to live birth. . . 9
Post-partum anovulation . 3
Menstruating interval. . . . . . . . . . . . 6
Months added by foetal deaths.. . 2

Birth interval . . . . . . . . . . . . . . . . . . . 20

Potential fertility

Intermediate

9
8
8
2

27

Low

9
11
10
4

34

Calculation of overlap

From tables 74 and 75 it is evident that the pro
portionate overlap between retention and amenorrhoea is
enhanced by longer anovulation, shorter open intervals
and higher discontinuation not to mention lower rates of
foetal loss. Other factors constant, the absolute magni
tude of overlap A is increased by higher continuation. As
already conceded, direct data on overlap are virtually
never available. However, given an estimate of the
monthly discontinuation rate, then with reference to table
75 even fragmentary information about the distribution
of open intervals and amenorrhoea lengths should serve
to narrow the range of uncertainty about the proper
allowance A for overlap.

Adjustment of age schedule of natural fertility

Two extremes are always available in adjusting the age
schedule of natural fertility. To posit no difference in
potential fertility between acceptors and ~oeval wom.en
selected at random is to be ultra-conservative and to bias
downward to a degree that increases with advancing age
the estimate of acceptors' gross potential fertility. At the
other extreme, one may postulate that all acceptors are
non-sterile at acceptance, implying a zero open interval
(compare column (13) of table 73).

Given information about open intervals from last birth
to acceptance, one can establish an intermediate adjust
ment factor either by referring to the latter columns of
table 73 or by using the formula:

m*(x, x, k) = m(x)/S(x+2.5-k)

where S(x + 2.5 - k) is derived by linear interpolating
between the relevant values of sSx in columns (5}-(8) of
table 73.

Analysis of continuation

It matters which causes of termination are included in
the life-table analysis of continuation. Ideally, the coded
causes include divorce and death of either spouse.
Otherwise, protection time is being over-estimated,
though the bias is often small, as tables 76 ~nd 77 have
indicated with respect to mortality. The inclusion of
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Penalty for pregnancy

Usually, the penalty for accidental pregnancy can be
ignored with little distortion when the method is IUD,
oral contraception or sterilization. It becomes important
chiefly with respect to non-medical contraceptives charac
terized by an effectiveness well below 1.0. An individu
alized estimate of P, the proportion of contraceptive
segments ending in accidental pregnancy, becomes pos
sible when the life-table analysis ofcontinuation includes
accidental pregnancy as a reason for discontinuation.
Suppose that for a given body of data, the longest
duration for which a reliable life-table rate may be
calculated is y months and that for this duration cumu
lative failures have a ratio p to total terminations. Crudely
equating P = P produces over-estimates or underesti
mates depending upon circumstances. If the span of y
months is short and the contraceptive overlap extensive,
then p may seriously underestimate P. Contrariwise, if the
acceptors are in their late thirties or older, then p is likely
to over-estimate P, perhaps grossly.

Knowledge of P is not enough; it is also necessary to
postulate a mean number of months. W requi~ed per
conception in the absence of contraception. Lackm~ any
direct information about W; one may attempt to denve It

20 For additional details about this refinement, see P. M. Kulkarni
and R. G. Potter, loc. cit.



as a residual in a birth interval calculation provided an
estimate of mean post-partum anovulation is available.
Alternatively, one might set W equal to 6, 7, 8, 9, 10 and 11
months, respectively, for ages 20-24, 25-29, ... , 45--49;
or more conservatively to values of 8,9, 10, 12, 15 and 20.
Comparative studies of natural fertility have indicated
that, except in special circumstances such as rife venereal
disease, the W component of birth intervals is not highly
variable from one population to another, at least for ages
below 35 years.

D. ApPLICATION OF METHOD

Basic procedures are now numerically illustrated for
age group 25-29 years. In the following section, results
from four age groups are compared.

1. Data available

Suppose that one is dealing with a predominantly rural,
developing country (Country C) which boasts a rising
level of living and an expanding scope of birth control.
Since its national family planning programme has em
phasized IUDs, the goal is to estimate gross births
averted per segment ofIUD. It is preferred that estimates
are on the conservative rather than the optimistic side.

The data situation is mixed. The earliest reliable age
schedule of marital fertility, pertaining to 1962, implies
that there is little practice of birth control at ages 20-24,
but that the incidence is progressively greater at succeed
ing ages. Any direct estimates of mean menstruating
intervals Wor mean lengths of post-partum anovulation
are lacking. However, ancillary information suggests that
breast-feeding for a year or more is still the predominant
infant-feeding pattern, that nutrition is not grossly de
ficient and that there is no cause to suspect abnormally
high levels of spontaneous foetal wastage. Available from
a large-scale follow-up study of IUD acceptors are life
table proportions continuing for durations up to 24
months. Coded causes of discontinuation encompass
pregnancy, expulsions and removals, the latter including
removals for such reasons as marital dissolution.
Information collected at time of insertion indicates a
median open interval from last birth to acceptance of
slightly over one year.

2. Steps of analysis

Step A

The derivation of age schedule m(x) is summarized in
table 79. The observed 1962 rates, expressed as annual
births per married woman, are given in column (1). Their
ratios to the standard ratios from Coale's model (column
(3)) hint at the presence of regulatory practices for ages
over 25 years. Interpreting the rate of 0.452 as approxi
mating natural fertility for age group 20-24 leads to the
estimate: AI = 0.452/0.460 = 0.983, which, multiplied by
the standard rates of column (2), yields the m(x) values
enumerated in column (4).

Had the observed rate for age group 20-24 implied
fertility regulation, it would have been appropriate to
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borrow from table 78, b = 27, as this expected birth
interval is at least broadly compatible with the sup
positions stated above about infant feeding, nutrition and
foetal wastage. Succeeding calculations would have been
m(20) = (0.972) (12/b); and At = m(20)/0.460; and
m(20+ 5i) = Atn(20+ 5i).

Step B

To convert m(x) into m*(x, x, k), the conservative value
of k = 2 (in years) is adopted which yields from table 73
the adjustment factor 1.040. The resultant estimates of
gross potential fertility m*(25, 25 + 5i, 2) for acceptors
aged 25-29 are given in column (5) of table 79.

Steps C and D

Applying a life-table analysis to women aged 25-29 who
report limiting family size as their motive for accepting an
IUD yields a set of proportions R (v) retaining the device
for v = 1, 2, ... , 24 months or longer, found in column
(1) of tahle 80. By passing to natural logarithms, the
relationship R(v) = ae- r v

/
1 2 is converted into the linear

equation log n R (v) = log n a -rv/12. A least-squares
argument (see table 80) yields a = 0.9133 and r/12
= 0.0340. Exactly the same derivation of a and r is found
in the auxiliary computer program CONTINUE, men
tioned in chapter III of this Manual. Predicted pro
portions retaining of R(v), namely, 0.9133eo.o34ov, are
shown in column (3) of table 81. Incidentally, the fact that
the conditional monthly probabilities q(v) of discontinu
ation (column (2) of table 81) decline so rapidly during
the initial months of retention means the possibility of
appreciable heterogeneity of termination risk among
acceptors and the attendant underestimation of mean
protection time when continuation is extrapolated by
means of the modified negative exponential curve.

Step E

To approximate A, preferably with an upward rather
than downward bias by reference to table 75, it is posited
that the conditional monthly probability of initiating
contraception after childbirth is 7t = 0.1 and that mean
post-partum amenorrhoea averages 10 months. This
combined with a monthly discontinuation rate already
estimated as 0.0340 suggests a value of A nearer four than
seven months when the last pregnancy before the in
sertion ends in a live birth. Allowance for other pregnancy
outcomes and for immediate discontinuations entails a
deflation factor of (1 - a) a = 0.8 (0.9) = 0.72. Hence, A
may be put at four months, or more conservatively, at five
months.

Step F

The next step is to estimate P, the proportion of IUD
segments ending in accidental pregnancy, and ~ mean
menstruating interval per conception. From a more
detailed life-table analysis of acceptors aged 25-29 it is
learned that at the end of 12 months, 0.067 have termin
ated for reason of accidental pregnancy versus 0.463
for all reasons, allowing the estimate P = 0.067/0.463
= 0.145. To check for' bias, it is noted from a multiple-



decrement life-table analysis of the entire sample that the
conditional probabilities of terminating for reason of
accidental pregnancy within six months if still wearing the
device up to the beginning of the interval are 0.023, 0.028,
0.031 and 0.029 for months 1-6, 7-12, 13-18 and 19-24.
Plainly there is enough overlap with amenorrhoea during
the initial 12 months so that P = 0.145 is more likely an

under-estimation than an over-estimation.
As concerns w: from m(20) = 0.972(12/b) = 0.452,

obtained above, b = 25.8, close to the intermediate
expected birth interval of table 78,one of the components
of which was W = 8. But whether W = 6 or W = 10, PW
remains under two months, a minor adjustment, i.e., PW
= 2/12 = 0.1667.

TABLE 79. DERIVATION OF AGE SCHEDULES OF MARITALFERTILITY m(x) AND
GROSS POTENTIAL FERTILITY m* (25, 25 + 5i, 2)

a X = 25 + 5i, or i = (x - 25)/5.
b m(25+ 5i) = Afn(25 + 5i), with M = 0.452/0.460 = 0.983.

Age

group Age index
from x to x+4 j"

20-24......................... -1
25-29......................... 0
30-34......................... 1
35-39......................... 2
40-44......................... 3
45-49......................... 4

Observed 1962
marital fertility

(annual births per
married woman)

(1)

0.452
0.372
0.210
0.107
0.053
0.009

Estimated marital
Coale's At Deviations fertility mIx)
model El (2)-(1) m(25+5if

fertility (2) (2)
n(25+ 5i) (2) X 0.983

(2) (20) (3) (4)

0.460 0.983 0.017 0.452
0.431 0.863 0.137 0.424
0.395 0.532 0.468 0.388
0.322 0.332 0.668 0.317
0.167 0..317 0.683 0.164
0.024 0.375 0.625 0.024

c
moo (25, 25 + 5i, 2) = 1.04m(x+ 5i).

Gross potential fertility
for acceptors aged 25-29

m· (25.25 + 5i, 2f
(5)

0.441
0.404
0.330
0.171
0.025

TABLE 80. THE MODIfIED NEGATIVE EXPONENTIAL FUNCTION OF MAULDIN AND COLLEAGUES. WITH
PARAMETERS aANDr, FITTED TO LIFE·TABLEPROPORTIONS RETAININGTHEIR FIRST INTRA-UTERINEDEVICE

Duration
v

(months)

1 ..
2 ..
3 .
4 ..
5 ..
6 .
7 ..
8 ..
9 ..

10 .
11 ..
12 .
13 .
14 .
15 .
16 .
17 ..
18 .
19 .
20 .
21 .
22 ..
23 ..
24 .

TOTAL 300

Life.table
proportions

retaining
R(v)
(1)

0.923
0.873
0.832
0.792
0.763
0.733
0.714
0.690
0.667
0.644
0.619
0.599
0.579
0.564
0.544
0.524
0.510
0.498
0.480
0.464
0.452
0.438
0.422
0.408

14.732

log n R(v)
(2)

-0.080
-0.136
-0.184
-0.233
-0.270
-0.311
-0.337
-0.371
-0.405
-0.440
-0.480
-0.512
-0.546
-0.573
-0.609
-0.646
-0.673
-0.697
-0.734
-0.768
-0.794
-0.826
-0.863
-0.896

-12.384

log" R(v)v
(3)

-0.080
-0.272
-0.552
-0.933
-1.352
-1.864
-2.358
-2.969
-3.645
-4.401
-5.276
-6.150
-7.104
-8.018
-9.132

-10.340
-11.447
-12.549
-13.945
-15.357
-16.676
-18.162
-19.843
-21.516

-193.941

v'
(4)

1
4
9

16
25
36
49
64
81

100
121
144
169
196
225
256
289
324
361
400
441
484
529
576

4900

I:v(logn R(v»
I:lognR(v)v 24

12 I: )2 ; f = -0.4084
I:v2_~

24

I: logn R(v)
log na = 24

r I:v-; a= e log n a= 0.9133
12 24

SoURCE: W. Parker Mauldin, Dorothy Nortman and Frederick F. Stephan, "Retention of IUD's: an
international comparison", Studies in Family Planning, No. 18 (April 1967), pp. 1-12.
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TABLE 81. LIFE-TABLE PROPORTIONS RETAINING, CONDITIONAL PROBABILITIES OF DISCONTINUING AND

PREDICTED PROPORTIONS RETAINING

Duration
v

(months)

I .
2 ..
3 ..
4 .
5 ..
6 ..
7 ..
8 .
9 ..

10 .
11 ..
12 .
13 .
14 .
15 .
16 .
17 .
18 .
19 .
20 .
21 .
22 .
23 .
24 ..

Life-table
proportions

retaining
R(v)a
(1)

0.923
0.873
0.832
0.792
0.763
0.733
0.714
0.690
0.667
0.644
0.619
0.599
0.579
0.564
0.544
0.524
0.510
0.498
0.480

·0.464
0.452
0.438
0.422
0.408

Conditional
monthly

probability of
discontinuing

q(v)b
(2)

0.077
0.054
0.047
0.048
0.037
0.039
0.026
0.034
0.033
0.034
0.039
0.032
0.033
0.026
0.035
0.037
0.027
0.024
0.036
0.033
0.026
0.031
0.037
0.033

Predicted
proportions

retaining
RJ..v)"
(3)

0.885
0.853
0.825
0.797
0.771
0.745
0.720
0.696
0.673
0.650
0.628
0.607
0.587
0.567
0.548
0.530
0.512
0.495
0.479
0.463
0.447
0.432
0.418
0.404

Derivations
R(v)-RJ..v)

(4)

0.038
0.020
0.007

-0.005
-0.008
-0.012
-0.006
-0.006
-0.006
-0.006
-0.009
-0.008
-0.008
-0.003
-0.004
-0.006
-0.002

0.003
0.001
0.001
0.005
0.006
0.004
0.004

• Values taken from column (I) of table 80.
b q(v) = (R(v -1) - R(v))/R(v -1).
c ~(v) =£Ie - 6r/12, a=0.9133 and f'/12 = 0.0340 derived from table 80.

Step G

All necessary quantities having been estimated, the rest
is straightforward algebra. Uncorrected mean retention
time (in years) is R = air = 0.9133/0.4080 = 2.2385.With
adjustments imposed, effective protection is:

1 = R - A/12 - PW/12 = 2.2385 - 0.4167 - 0.1667
= 1.6551

For purposes of partitioning this protection time into
annual segments, one needs

r* = r = 0.408 = 04378
1 - rPW/12 0.932 .

The more precise of the two formulae for births averted
z

B per segment of IUD use is L m* (25, 25 + i + 1.25, 2)
i: 0

1(i, i + 1), where z is that smallest integer giving
1(i, i + 1)or m*(25, 25 + i + 1.25,2) < 0.01. The setl(i, i
+ 1) forms a geometrical series with

1(0 1) = a(l-e- r.)-.i= 03228
'r* 12'

1(1,2) = :* e :" ( l-e- r
' ) = 0.4774

and succeeding terms computed recursively by

1(i, i + 1) = 1(i - 1, i)e- r ' = 1(i - 1, i)0.6455
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until reaching 1(10, 11) = 0.0093, less than the criterion
0,01.

The m*(25, 25 + i + 1.25, 2) terms, i = 0, 1, ... , 10,
are derived by linear interpolation based on the values
m*(25, 25 + 5i, 2) found in column (4) of table 79. For
example:

m*(25, 25 + 7 + 1.25,2) = m*(25, 33.5,2)
= W 1m * (25, 30, 2)

+ w2m*(25, 35,2)
. h 5 - (33.5 - 30.0)

WIt W l = 5 and W 2 = l-wl

to give a value of 0.35(0.404)+ 0.65(0.330) = 0.3550. The
calculation of B is detailed in table 82. Note that despite
the truncation of 1(i, i + 1) terms at i = 10, their sum
1.6535 is close to the value of 1 = 1.6551.

The value of 0.6831 births averted, derived in table 82,
may be compared with the short-cut calculation:

B = 1'm*(25, 25 +0.75 +0.50a/r*, 2)
= (1.6551)m*(25, 26.79, 2)
= (1.6551)m*(25, 26.75, 2)
= 0.7090

with m" (25, 26.75, 2) = 0.65(0.441)+0.35(0.404)
= 0.4284. Owing mainly to the non-linearity of m*(25, 25
+ j, 2) over ages 25 + j, this second estimate of B carries a
small upward bias.



TABLE 82. COMPUTATION OF GROSS BIRTHS AVERTED PER SEGMENT

OF INTRA· UTERINE DEVICE

Duration~

Fractional specific
years

Age
Weighting potential Durauon-spectfic

protected coefficient fertility births averted
Duration I(i, i+ I)" jb

WI' m" (25, j, 2)d (1).(4)
i (/) (2) (3) (4) (5)

0 ............. 0.3228 26.25 0.75 0.4320 0.1394
1 ............. 0.4774 27.25 0.55 0.4248 0.2028
2 ............. 0.3082 28.25 0.35 0.4176 0.1287
3 ............. 0.1989 29.25 0.15 0.4104 0,0816
4 ............. 0.1284 30.25 0.95 0.4012 0.0515
5 ............. 0.0829 31.25 0.75 0.3858 0.0322
6 ............. 0.0535 32.25 0.55 0.3704 0.0198
7 ............. 0.0354 33.25 0.35 0.3550 0.0122
8 ............. 0.0223 34.25 0.15 0.3396 0.0076
9 ............. 0.0144 35.25 0.95 0.3202 0.0046

10 ............. 0.0093 36.25 0.75 0.2888 0.0027
TOTAL 1.6535 0.6831

a For i = 2, 3, ... ,l(i,i + 1) = l(i -I,i)e r" = 0.64551(i -I,i).
b j = 25 + i + 1.25.

5-U-25-5k)
c WI = 5 ' with 25 + 5k being the largest multiple of five not exceeding j.

d m*(25,j, 2) = wlm* (25,25 + 5k, 2) + (I-wtlm*(25, 25 + [k + 1] 5, 2).

E. INTERPRETATION AND EXTENSIONS

I. Interpretation

Few if any populations reproduce at the natural
fertility level. In most societies, observed fertility is well
below natural levels owing to use of a variety of
contraceptives, perhaps backed by induced abortion and,
in some cases, by sterilization. The procedures described
above serve to translate average spans of contraceptive
practice into subtractions from natural fertility.

The technique is most powerful when applied con
currently to several subsamples. As an example, consider
the comparison offour age cohorts of women accepting a
first IUD to limit births. (More details of the analysis are
given in section FA of this chapter.) It is apparent from
table 83 that the uncorrected mean retention span,
R = air, increases with ascending age-a common find
ing with reference to IUDs. The ratios IIR, in column (3),
show that corrections for amenorrhoea overlap A and
accidental pregnancy PW, non-trivial for all ages, are

proportionately more important for the two younger age
groups with their shorter retention spans. Because poten
tial fertility declined with rising age, the maximum in
gross births averted according to the sum of products
estimate of B-column (4)-occurs for age group 30-34,
not the age group with highest continuation. Owing to the
convexity of the gross potential fertility curve, the mid
duration estimate of B, column (5), is upwardly biased,
that bias as shown by column (6) becoming progressively
more serious at the older ages.

As regards reduced data requirements, a special advan
tage of using Coale's model of marital fertility as a basis
for estimating potential fertility is worth mentioning. Ifit
is desired to estimate absolute numbers of births averted,
then it isnecessary (in step one) to stipulate a value for the
parameter M. However, if one's interest is the relative
number of gross births averted per IUD among age
groups, then the parameter M need not be specified. In
effect, step one of the analysis is trivialized to setting
parameter m equal to zero while leaving the second
parameter M unspecified.

TABLE 83. MEAN PROTECTION TIME AND GROSS BIRTHS AVERTED AMONG

FOUR AGE GROUPS OF LIMITERS ACCEPTING AN INTRA· UTERINE DEVICE

Age at
insertionof

first

intra-uterinedevice
x,x+4

20-24 .
25-29 ..
30-34 .
35-39 .

Uncorrected
retention

time
R"
(I)

1.68
2.24
3.43
5.02

Mean
protection

time
Ib
(2)

1.18
1.65
2.85
4.43

Ratio
I/R
(3)

0.70
0.74
0.83
0.88

Gross births averted, B

Sum of
products Mid-duration Percentage
estimatcf estimated deviatiorf

(4) (5) (6)

0.52 0.54 2.2
0.68 0.71 3.8
0.94 1.09 15.9
0.83 1.20 44.3

a R = air.
bl=R-A/12-PW/12.
C B = El(i, i + I)m*(x, X + i + 1.25,2).
dB = J-m*(x, X +0.75 + 0.50a/r*, 2).
e 100((5)-(4))/(4).
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j = 2,3, ... ,m

2. Extensions

The corrected estimate of mean retention I, derived in
step D, is not equivalent to the operational concept of
childbearing interruption as defined in the original two
reproductive process analysis schemes published in
1969.21 As is illustrated in those studies, in order to
establish its meaning as an estimate of prolongation of
stay in the fecundable state, it is necessary to incorporate
into the life-table analysis of step C the additional
competing risk of onset of secondary sterility and, if
deemed necessary, also that of divorce.

By a small change of procedure, gross births averted
may be allocated to calendar time. If this procedure is
then incorporated into a suitably designed component
projection scheme, the study of relationships among
contraceptive acceptance, continuation and crude birth
and growth fates becomes possible. Required are
assumptions about the distribution of acceptances in
each year as well as the time-lag between contraceptive
protection and births averted. In a recent study.F" an
example is given in which it is assumed that annual
acceptances all occur at mid-year combined with a nine
month lag in contraceptive effect. As an alternative to
step D, woman-months of protection are partitioned into
12-month segments displaced nine months backwards in
time from the calendar years of interest.

The procedures given in this chapter may be extended to
any contraceptive other than IUD for which it is possible
to postulate a continuation schedule. Plainly this task is
more easily accomplished for a permanent or semi
permanent method and more difficult for a supply-based
method, or a coitus-related contraceptive subject to
irregular usage for which the adjustment for accidental
pregnancy becomes so crucial. Nevertheless, Chandrase
karan and Karkal " were able to assess the continuation
rates of a sample of diaphragm andjelly users. Perhaps the
most thorough treatment of protection time estimates for
a variety of contraceptives is found in Gorosh and
Wolfers.i" Lastly, to extend the present procedures
to induced abortion, it is necessary to translate each
abortion into an amount of protection time.j"

To estimate net births averted per segment of a
contraceptive, it is only necessary to substitute a potential
fertility curve that takes account of the birth control
practices the acceptors might have used had they not
accepted the method they did. Unfortunately, the tech
nique of reproductive process analysis per se does not

contain any special insights as to how such a set of
potential fertility rates might be derived.

F. SOLVING SPECIAL PROBLEMS IN THE ANALYSIS

1. Overlap with anovulation

This subsection, which deals with the formulae underly
ing tables 74 and 75, begins by reviewing the notations
that are used:

d': monthly risk ofdiscontinuation during anovulation;
d' = (1- p)d': monthly risk of discontinuation for a

reason other than accidental pregnancy during a fecund
able month;

f: natural fecundability;
p = (1 - esf: residual fecundability;
Pr(rx): probability that anovulation lasts exactly j

months.
The definitions of d and p presuppose that acceptance

of contraception is near the beginning of the month,
conception in the middle and discontinuation near the
end. The probability of continuing contraception to the
end of a fecundable month (i.e., avoiding both accidental
pregnancy and discontinuation for any other reason) is
I-d - p.

If contraception is initiated during the fecundable
period, expected length of retention (including the month
of discontinuation or accidental pregnancy) is 1/(d +p).
By definition there is no overlap with anovulation.

Alternatively, suppose that contraception is begun
immediately after a birth and that anovulation lasts j
months. Then contraception may be discontinued at the
end of month I, 2, ... ,j; or with a probability of (1 - cv
it may be retained into the fecundable period.
Accordingly, expected months of overlap (i.e., retention
coinciding with anovulation) are:

¢ j = d ' + 2(1 - d ')d ' + 3(1 - d ') 2 d ' + . . . + j (l
-d')j-'ld' +j(l-d')j

1- (1-d')j

d'

Length of anovulation rx j is assumed to follow a
truncated Pascal distribution with parameters 2, 2/h and
m. As auxiliary values, define:

f(rx o) = f(rxd = °
f(rx j) = U- 1) ( I-Dj-2 (~r

m

where m is the smallest positive integer satisfying

0.999::; L f(rxJ < 1.000.
j = 2

and Pr(rxm + t) = 1 - L f(rxj)'
j = 2

Taken across all lengths of anovulation, expected

j = 0,1, ... , m
m

Then Pr(rxj) = f(rxJ

21 R. G. Potter, "Estimating births averted in a family planning
program", loc. cit.; and D. Wolfers, "The demographic effects of a
family planning program", loc. cit.

22 D. L. Nortman and others, op. cit.
23 C. Chandrasekaran and M. Karkal, "Continuation rate, use

effectivenessand their assessment for the diaphragm and jelly method",
Population Studies, vol. XXVI (November 1972), pp. 487-494. .

24 Martin Gorosh and David Wolfers, Standard Couple- Years oj
Protection: A Methodology jar Program Assessment, Manuals jar
Evaluation of Family Planning and Population Programs, No. 10 (New
York, Columbia University, Center for Population and Family Health,
1977).

25 A somewhat crude convention for doing this procedure is found in
D. L. Nortman and others, op. cit. For a second option, see M. Gorosh
and D. Wolfers, op. cit.
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length of anovulatory overlap is: .

m+l (l-(l-d,)j)
E(¢)= j:l Pr(rx j ) d' .

Of the (l-d')j women whose anovulation lastsj months
and who continue contraception into the fecundable
period, their expected retention per woman during
fecundable months is lj(d +p). Averaged over all anov
ulatory lengths, expected number of fecundable months
of practice is:

m+l ( 1 )F = ~ Pr(a) (l-d')j -d- .
j= 1 +p

The ratio ¢ I(¢ +F ) subject to the simplifying assumption
that contraception is perfectly effective (i.e., e = l) yields
the values found in the column headedfI = 1.0of table 74.

As a more general case, one may assume that the
conditional monthly probability of initiating contracep
tion if not already pregnant isfl, 0 <Il ~ 1.Asbefore, one
assumes that contraception is always initiated at the
beginning of the month. During anovulation there is no
risk of conception. Overlap with anovulation given that it
lasts j months is:

j . (l-(l-d,)j-i+l)
~ n(l-ny-l , .

i= 1 d

Averaged across all anovulatory lengths,

m+ 1 [ j

¢ = j:l Pr(rxj) i:l Il I l - rn- - 1

Given an anovulatory length of j months, a proportion
(l - n)j of the women at end of anovulation have not yet
commenced contraception. They face a competition be
tween pregnancy and initiating contraception. A fraction

f ~n will begin contraception before conceiving. Among

the latter group, expected retention is (p +d)-l. Averaged
across anovulatory lengths, their total retention during
fecundable months is:

m+ 1 [ . ( n ) ]r, == j:l Pr(rx) (l-ll)J f +n (p +d)-l .

There remain those who begin contraception during
anovulation and continue into the fecundable period with
an average of (p +d) - 1 fecundable months of practice
ensuing. Their total practice during fecundable months is:

m+ 1 [ j
F 2 = j:l Pr(aj) i:ln(l-n)i-l(l-d,)j-i+l

(p+d)-l J
Actually, the condition e = 1 enormously simplifies the

algebra. Given no accidental pregnancies, the expected
span of contraception once initiated is lid' independent of
anovulatory length or month of initiation of contracep-
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tion. Mean use per acceptor is therefore lid'. All women
having non-zero overlap between contraception and
anovulation are necessarily acceptors. Therefore, the
fraction of practice overlapping with anovulation is

1
simply ¢Ji' the simple formula providing the values

found in the remaining columns of table 74. The cor
responding values, ¢, are reported in table 75.

2. Marital dissolution by death of spouse

Two ratios must be evaluated, the first of which
measures IUD retention subject to mortality risks as a
proportion of IUD retention free of spouse mortality.
Under the assumptions enumerated in the text, the ratio is

50-X 50-x

R = f ae-r,t'(x+t) t*(x+D+t)d1f -rt
1 t(x) t*(x+D) t ae dt

o 0

with all variables being measured in years; x denotes age at
acceptance. If one assumes that the force of mortality is
constant within five-year age groups:

e- 51'1 = t(x + 5) t*(x +D + 5)
t(x) t*(x+D)

I (t(X +5) t*(x +D +5))1
or III = - og n t(x) t*(x +D) 5

and more generally

.= -10 n ( t(x + 5j) t*(x + D + 5j))1
IlJ g t(x) t*(x +D) 5.

Proportions surviving, t(x) and I*(x), are taken from the
West family of Coale-Demeny model life tables. The ratio
given above can now be simplified to:
R1 =

i

.~ fae-(r+/l,)tdt +.~ fae-(r+/l,)ldt +... + SiX fae·-(r+/l.)ldt

,=1 .=6 1=46-",
i-1 i-1 1-1

so-x

where k = 50; x. Numerical evaluation is simplified if D

is kept a multiple of five.

Simplifying further,

R 1 =----..:-~----

with the a-terms cancelling.
The second ratio measures gross births averted subject

to risks of spouse mortality in relation to gross births



(1)

averted in the absence of such mortality. The formula is:

50-",

f _rt(t(X+t) t*(X+D+t)) ( 075)d
ae t(x) t*(x+D) m x+t+. t

o
R2 = 50 '"

f= ae- rtm(x+t+0.75)dt

o

Fertility m(x +t +0.75) is changing slowly enough to treat
it as constant within single years of age. Accordingly, one
may equate m(x + i +0.75) with Mn(x + i). In the formula
for R 2, the M term cancels out. Values ofn(x + i) are taken
from Coale and Trussell." See table 84.

TABLE 84. VALUES OF n(x) CENTRED ON

THE MID-POINT OF EACH YEAR OF AGE

expected birth interval b (in months) by the following
equation:

M _ 5820 12 _ 0.97212 _ 25.36
- n(20) b - 0.460 b - -b-

If the estimate ofb is derived from empirical birth interval
data, there may be the problem of separating and setting
aside intervals from marriage to first birth that do not
include a period of post-partum anovulation. Given late
marriage, this problem being smaller among women aged
25-29 than among those aged 20-24, it becomes prefer
able to use an alternative equation:

M 5825 12 0.95012 26.45
= n(25) b = 0.431b = -b- (2)

Implied values of M, based on equations (1) and (2),
taken over a range ofb from 19 to 36 are given in table 85.

TABLE 85. ESTlMATES OF THE PARAMETER M AS A FUNCTION OF

EXPECTED BIRTH INTERVAL b
Natural fertility Natural fertility

Mid-poim rate Mid-point rate
(age in years) .(x) (age in years) .(x)

12.5........... 0.175 31.5 0.410
13.0........... 0.225 32.0 0.400
14.0........... 0.275 33.0 0.389
15.0........... 0.325 34.0 0.375
16.0........... 0.375 35.0 0.360
17.0........... 0.421 36.0 0.343
18.0........... 0.460 37.0 0.325
19.0........... 0.475 38.0 0.305
20.0........... 0.477 39.0 0.280
21.0........... 0.475 40.0 0.247
22.0........... 0.470 41.0 0.207
23.0........... 0.465 42.0 0.167
24.0........... 0.460 43.0 0.126
25.0........... 0.455 44.0 0.087
26.0........... 0.449 45.0 0.055
27.0........... 0.442 46.0 0.Q35
28.0............ 0.435 47.0 0.021
29.0........... 0.428 48.0 0.011
30.0........... 0.420 49.0 0.003

Expected birth
interval b

19 .
20 .
21 .
22 ..
23 .
24 .
25 .
26 .
27 .
28 .
29 .
30 .
31 .
32 .
33 .
34 ..
35 .
36 .

26.45
M;

b

1.392
1.327
1.260
1.202
J.150
J.102
1.058
1.017
0.980
0.945
0.912
0.882
0.853
0.827
0.802
0.778
0.756
0.735

25.36
M;

b

1.335
1.268
1.208
J.153
J.103
1.057
1.014
0.975
0.939
0.906
0.874
0.845
0.818
0.792
0.768
0.746
0.725
0.704

26 Loc. cit., appendix A.

The numerator and denominator are evaluated as sums
of annual terms:

Derivation of M

The parameter M may be estimated as a function of the

i

f
ae-r(;-l)

where G(i) = aerr'dt = r (l-e- r);

;-1

02(W+ 3) +03(W+ 11)

1.62+0.34 = 1.96
1.98+0.38 = 2.36
2.60+ 1.05 = 3.65

Upon rounding, this calculation gives 2, 2 and 4.

Listing of computer program to estimate m

The computer program used to estimate m is given
below in table 86.

Included among the components composing the expec
ted birth interval is that for months added by foetal
deaths. Estimates of this component from table 78 were 2,
2 and 4 months pertaining to the high, medium and low
values ofb, respectively. Their derivation is as follows. Let
O2 and 03 signify the probabilities of pregnancy ending in
abortion and stillbirth, and Wdenote the mean menstruat
ing interval. Assume that three months of pregnancy and
anovulation associate with an abortion on average and 11
months with a stillbirth. These considerations lead to the
following calculation:

W O2 03

6 0.18 0.02
8 0.18 0.02

10 0.20 0.053. Potential fertility

i

f
ae-(r+/lj)(;-l)

ae-(r+/lj)dt = (l-e-(r+/l j»).
r+J.lj

;-1

H(i) =

50-x

:E H(i)m(x+i+0.75)
A i= 1R 2 = -i5,,0 -=-x::--------

:E G(i)m(x + i +0.75)
;; 1
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TABLE 86. COMPUTER PROGRAM TO ESTIMATE m

FORTRAN IV G LEVEL 21

C PROGRAM COALE
C APRIL 7. 1977
C

MAIN DATE = 78229 12/17/03 PAGE 0001

92

0001
0002

0003
0004
0005

0006
0007

0008

0009
0010

0011

0012

0013
0014
0015
0016
0017
0018

0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034

0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055

0056
0057
0058
0059
0060
0061
0062
0063
0064
0065
0066
0067

REAL N(6).MCAP.MSMALL
DIMENSION V(6).R(6).JJ(6).DATE(30).NAME(50).Y(6).X(6)

C
C ASSIGN VALUES TO N(J) -- NATURAL BIRTH RATES -- AND
C V(J)--EXPONENTIAL COEFFICIENTS. J = 20. 25 •...• 45.

AND JJ(J)--AGE
DATA N/.460•.431 •.395•.322•.167•.024/
DATA V /.000•...:.0.279.-0.677.-1.042.-1.414.-1.671/
DATA JJ/20.25.30.35,40,45/

C
C DEVICE NUMBERS
C NRD--INPUT. CARD READER
C NPR--OUTPUT. LINE PRINTER
C INSERT DEVICE NUMBERS APPROPRIATE TO INSTALLATION

NRD=5
NPR=6

C
C READ INPUT
C NJOBS. NUMBER OF JOBS TO BE RUN

READ(NRD.1) NJOBS
C DATE(J). DATE OF RUN

READ (NRD.11)(DATE(J).J=1.30)
DO 2 1=1.NJOBS

C THE FOLLOWING TWO VARIABLE CARDS ARE REPEATED NJOBS TIMES
C NAME(J). NAME OF COUNTRY

READ(NRD.30)(NAME(J).J=1.50)
C R(J). OBSERVED BIRTH RATES. J = 20. 25•...• 45

READ(NRD.3)(R(J).J = 1.6)
C
C DERIVE Y(J) AND X(J)

DO 70 J=1.6
Y(J) = ALOG(R(J)/N(J»

70 CONTINUE
DO 71 J=1.6
X(J) = V(J)

71 CONTINUE
C
C COMPUTE YBAR. MSMALL. AND MCAP

XN=6.0
SUM = 0.0
DO 72 J=1.6
SUM = SUM+Y(J)

72 CONTINUE
YBAR = SUM/XN
SUM1 = 0.0
SUM2 = 0.0
SUM3 = 0.0
DO 73 J=1.6
SUM1 = SUM1+X(J)
SUM2 = SUM2+X(J)"Y(J)
SUM3 = SUM3+X(J)""2

73 CONTINUE
MSMALL = (SUM2-«SUM1"SUM)/XN»/(SUM3-(SUM1" "2/XN»
MCAP = EXP(YBAR)

C WRITE PROGRAM RESULTS
WRITE(NPR.15)
IF( I.EO.1) WRITE (NPR.16) (DATE(J).J=1.30)
WRITE(NPR.31 )(NAME(J).J=1.50)
WRITE(NPR.17)
DO 18J=1.6
WRITE(NPR.19)JJ(J).R(J)

18 CONTINUE
WRITE(NPR.20)
WR ITE (NPR.35)(JJ(J) .J=1.6)
WR ITE (NPR.26)( X(J).J= 1.6)
WR ITE (NPR.27)(Y(J) .J=1.6)
WRITE(NPR.21) YBAR
WRITE(NPR.22)MSMALL
WRITE(NPR.25)MCAP

2 CONTINUE
1 FORMAT( 12)
3 FORMAT(6F5.4)

11 FORMAT(30A1)
15 FORMAT(1H1)
16 FORMAT(59X:COALE'///IX:DATE OF RUN: ·.30A1///)
17 FORMAT(1X:ECHO CHECK OF INPUT·//11X:AGE·.10X.·OBSERVED BIRTH RATE

1ES' /12X:J' .19X:R (J)' I)
19 FORMAT(12X.12.17X.F5.4)
20 FORMAT(/////1X:PROGRAM RESULTS')
21 FORMAT(/5X:YBAR = ·.F7.4)
22 FORMATU//5X:MSMALL = ·.F7.4)
25 FORMAT(/5X:MCAP = ·.F7.4)
26 FORMAT(/5X:X(J) = ·.6F10.4)
27 FORMAT(/5X:Y(J) = ·.6F10.4)
30 FORMAT(50A1)
31 FORMAT(1X.50A1/1)
35 FORMAT(/!1 OX.611 0)

STOP
END



TABLE 86 (continued)

DATE OF RUN: JUNE 15,1977

COALE

ALGERIA,1955

ECHO CHECK OF INPUT

AGE
J

20
25
30
35
40
45

PROGRAM RESULTS

OBSERVED BIRTH RATES
R(J)

.3096

.2139

.1197

.0731

.0211

.0021

X(J) =

Y(J) =

YBAR =

MSMALL =

MCAP =

DAHOMEY, 1961

ECHO CHECK OF INPUT

20

0.0

-0.3959

-1.3797

1.2014

0.2517

25

-0.2790

-0.7006

30

-0.6770

-1.1939

35

-1.0420

-1.4827

40

-1.4140

-2.0687

45

-1.6710

-2.4361

AGE
J

20
25
30
35
40
45

PROGRAM RESULTS

OBSERVED BIRTH RATES
R(J)

.3424

.3009

.2545

.1681

.0944

.0319

X(J) =

Y(J) =

YBAR =

MSMALL=

MCAP=

20

0.0

-0.2952

-0.3383

-0.1488

0.7130

25

-0.2790

-0.3593

30
-0.6770

-0.4396
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35

-1.0420

-0.6500

40

-1.4140

-0.5705

45

-1.6710

0.2846



4. Age comparison

Further particulars respecting the age comparison,
summarized in table 83, are given in table 87. The
parameters a and r are derived by the methods depicted in
table 80.The P values are considered underestimates; the
W values medium estimates. To avoid optimism, the
calculated PWvalues are raised to an integral number of
months as indicated.

Concerning amenorrhoea overlap, no information
exists to differentiate by age the mean or median open
interval from last birth to acceptance. One knows that as
age increases, continuation improves and presumably
post-partum anovulation lengthens-both factors operat
ing to increase overlap. Higher abortion rates and what

may be presumed to be longer open intervals operate in
the opposite direction. With the assumption that oppos
ing forcescancel each other, the allowance for overlap A is
kept at a conservative fivemonths. The sSx- 2 adjustment
factor comes from table 73. The e:" term has special
significance since I(i, i + 1) = e:" I(i -1, i) for i = 2,
3, .... Recall that r* = rj(l-rPWjI2).

The last column oftable 79contains the gross potential
fertility rates m*(25,25 + 5i,2),i = 0, 1, ... ,for acceptors
25-29 years old. The corresponding rates for acceptors
aged 20-24, 30-34and 35-39are enumerated in table 88.

Details about protection time and births averted given
in table 82for acceptors aged 25-29 are provided by tables
89-91 for the other three acceptor cohorts.

TABLE 87. ADDITIONAL PARTICULARS CONCERNING fOUR AGE COHORTS

Of INTRA-UTERINE DEVICE ACCEPTORS

Expected
proportion Mean fecumJoble
ending in period without Amenorrhoeic

Age at accidental contraception Calc.lDted penalty Adjusted penalty overlap
insertion Parameter Parameter pregnancy W PW PW A
x, x + 4 a'- ,//2 r' P (months) (months) (months) (years)

20-24...................... 0.8844 0.0439 0.5265 0.098 6 0.558 1 5/12
25-29 ...................... 0.9133 0.0340 0.4083 0.145 7 1.015 2 5/12
30-34...................... 0.9334 0.0227 0.2722 0.180 8 1.440 2 5/12
35-39 ...................... 0.9222 0.0153 0.1838 0.147 9 1.323 2 5/12

Age at
insertion
x, x + 4

20-24 .
25-29 '" ..
30-34 .
35-39 .

1.025
1.040
1.087
1.248

,*/12

0.0459
0.0365
0.0238
0.0158

rOC

0.5508
0.4378
0.2856
0.1896

air"

1.6057
2.0861
3.2682
4.8639

0.5765
0.6455
0.7516
0.8273

0.4235
0.3545
0.2484
0.1727

a Values of a and r derived by the method described in table 80. b 55. - 2 - 1 values from table 73, column (5).
cr· =r/(l-rPW/12).

TABLE 88. DERIVATION OF GROSS POTENTIAL FERTILITY RATES FOR

AGE GROUPS 20-24, 25-29 AND 35-39 YEARS

Age groups
fromXlOx+4

20-24 .
25-29. '" .
30-34 .
35-39 .
40-44 .
45-49 .

m(x)

0.452
0.424
0.389
0.315
0.164
0.024

m*(20. x, 2)8

0.4633
0.4346
0.3987
0.3229
0.1681
0.0246

m*(30, x, 2)b

0.4228
0.3424
0.1783
0.0261

m*(3S, x, zr

0.3931
0.2047
0.0300

a m.(20, x, 2) = 1.025m(x), X = 20, 25, ... ,45.
b m.(30, x, 2) = 1.087m(x), X = 30, 35,40,45.
c m.(35, x, 2) = 1.248m(x), X = 35, 40, 45.
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TABLE 89. GROSSBIRTHS AVERTED PERSEGMENT OF INTRA·UTEII.INE DEVICE, AMONG ACCEPTORS AGED 2~24 YEARS

DurOlioll-
Fracliolllll Index specific Duration·

years age Weighting polenlial specific
protected i= coefficient fertility birthsollel'led

Duration I(i.i+l)'- 20+i+ 1.2Sb Wit m*(20.i, 2)d (1).(4)
i (1) (2) (3) (4) (5)

0 ................................... 0.2633 21.25 0.75 0.4561 0.1201
1 ................................... 0.3920 22.25 0.55 0.4504 0.1766
2 ................................... 0.2260 23.25 0.35 0.4446 0.1005
3 ................................... 0.1303 24.25 0.15 0.4389 0.0572
4 ................................... 0.0751 25.25 0.95 0.4328 0.0325
5 ................................... 0.0433 26.25 0.75 0.4256 0.0184
6 ................................... 0.0250 27.25 0.55 0.4186 0.0105
7 ................................... 0.0144 28.25 0.35 0.4113 0.0059
8 ................................... 0.0083 29.25 0.15 0.4041 0.0034

TOTAL 1.1777 0.5250

a 1 (I, i + 1) = 0.57651 (I -1, i) for i = 2, 3, ....
bj = 20+1+ 1.25.

5 -(j-20-5k)
C WI = , with 20+5k being the largest multiple of 5

5
not exceeding j.

d m*(20,j,2) = wlm* (20,20+5k,2)+(I-wl)m* (20,20+5Lk+l],
2).

TABLE 90. GROSS BIRTHS AVERTED PER SEGMENT OF INTRA·UTERINE DEVICE, AMONG ACCEPTORS AGED 3~34 YEARS

Duration
i

0 .
1 .
2 .
3 .
4 .
5 .
6 ..
7 .
8 ; .
9 .

10 .
11 .
12 .
13 .
14 .
15 .
16 .

TOTAL

Fractional years
protected
l(i,i+l)'

(l)

0.3951
0.6102
0.4586
0.3447
0.2591
0.1947
0.1463
0.1100
0.0827
0.0621
0.0467
0.0351
0.0264
0.0198
0.0149
0.0112
0.0084
2.8260

Index age
i = 3O+i+ 1.2Sb

(2)

31.25
32.25
33.25
34.25
35.25
36.25
37.25
38.25
39.25
40.25
41.25
42.25
43.25
44.25
45.25
46.25
47.25

Weighting Duration.specific Duration-specific
coefficient potential/ertilit y births averted

Wit m*(3O,i,2j'! (1).(4)
(3) (4) (5)

0.75 0.4027 0.1591
0.55 0.3866 0.2359
0.35 0.3705 0.1699
0.15 0.3545 0.1222
0.95 0.3342 0.0866
0.75 0.3014 0.0587
0.55 0.2686 0.0393
0.35 0.2357 0.0259
0.15 0.2029 0.0168
0.95 0.1707 0.0106
0.75 0.1402 0.0065
0.55 0.1098 0.0038
0.35 0.0794 0.0021
0.15 0.0489 0.0010
0.95 0.0248 0.0004
0.75 0.0196 0.0002
0.55 0.0143 0.0001

0.9391

a 1(i,i+ 1) = 0.75161(i-l,l) for 1= 2, 3, ...
bj = 30+ i + 1.25.
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5-U-30-5k)
C WI = , with 30+5k being the largest multiple of 5

5
not exceeding j.
2).dm*(30,j, 2) = wlm*(30, 30+5k, 2)+(I-wl)m*(30, 30+5[k+l],



TABLE 91. GROSS BIRTHS AVERTED PER SEGMENT OF INTRA-UTERINE DEVICE, AMONG ACCEPTORS AGED 35-39 YEARS

Duration
i

0 .
1 ..
2 ..
3 ..
4 .
5 .
6 .
7 .
8 .
9 .

10 .
11 .
12 .
13 .
14 .

TOTAL

Fractional years
protected
l(i,i+l)"

(/)

0.4233
0.6949
0.5749
0.4756
0.3935
0.3255
0.2693
0.2228
0.1843
0.1525
0.1262
0.1044
0.0863
0.0714
0.0591
4.1640

Index age
}= 35+i+ USb

(2)

36.25
37.25
38.25
39.25
40.25
41.25
42.25
43.25
44.25
45.25
46.25
47.25
48.25
49.25
50.25

Weighting Duration-specific Duration-specific
coefficient potential fertility births averted

w,c m*(3S,},2)d (/).(4)
(3) (4) (5)

0.75 0.3460 0.1465
0.55 0.3083 0.2142
0.35 0.2706 0.1556
0.15 0.2330 0.1108
0.95 0.1960 0.0771
0.75 0.1610 0.0524
0.55 0.2161 0.0340
0.35 0.0911 0.0203
0.15 0.0562 0.0104
0.95 0.0285 0.0043
0.75 0.0225 0.0028
0.55 0.0165 0.0017
0.35 0.0105 0.0009
0.15 0.0045 0.0003
0.95 0.0000 0.0000

0.8313

a (I, i, i + 1) = 0.8273/(i -1, i) for i = 2, 3, ....
b j = 35 + i +1.25.
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5-U-35-5k)
C WI = , with 35 + 5k being the largest multiple of 5

5
not exceeding j.

d m*(35, j, 2) = WI m*(35, 35 + 5k, 2) +(l - w l )m*(35, 35 + 5[k + 1],
2).




