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PRBPACB

The Ca.mittee on Population and De80graphy was established
in April 1977 by the National Research Council in response
to a request by the Agency for International Developaent
(AID) of the U.S. Departaent of State. It was widely felt
by those concerned that the tiM was ripe for a detailed
review of levels and trends of fertility and .actality in
the developing world. Although .cst people in the d~
graphic ca.aunity agree that .crtality haa declined in
al.ast all developing countries during the last 30 years,
there is uncertainty about .cre recent changes in .cr
tality in Sa.8 countries, about current levels of
fertility, about the existence and extent of recent
cbanges in fertility, and about the factors determining
reductions in fertility.

In 1963, a Panel on Population PrObl... of the
Ca.mittee on Science and Public Policy of the National
Acadeay of Sciences published a report entitled.!!!!
Growth of World Population. The appoinblent of that
panel and the publication of its report were expressions
of the concern then felt by scientists, as well as by
other inforMd persons in uny countries, about the
iaplications of population trends. At that tiM, the
most consequential trend was the pronounced and 1009
continued acceleration in the rate of increase of the
population of the world, and eSPecially of the population
of the poorer countries. It was estt.Bted in 1963 that
the annual rate of increase of the global population bad
reached 2 percent, a rate that, if continued-, would cause
the total to double every 35 years. The disproportionate
contr ibution of low-inc:c.e areas to that acceleration was
caused by rapid declines in .crtality ee:-bined with high

ix



f.rtility that reaained al.ast unchanged. th. birth rat.
was n.arly fixed or declin.d -are .cd.stly than the d.ath
rate.

Since th. earlier r.port, how.v.r, the peak rat. of
growth in the world's population has appar.ntly been
passed. A draaatic d.cline in the birth rat. in al.ast
all th. -are d.v.loped countries has low.red th.ir aggr.
gat. annual rate of incr.as. to w.ll below 1 percent, and
th. peak rat. of incr.... has also appar.ntly been p..s.d
in the l.ss-d.veloped parts of th. world as a whol.. A
sharp decline in f.rtility in aany low-inca.e ar.as has
more than offs.t th. g.n.rally continued reduction in th.
d.ath rat., althOUClh the rat. of population incr....
reaains high in al.ast all less-dev.loped countri.s.

Th. caus.s of th. reductions in fertility--wh.th.r
th.y are th••ff.ct priaarily of such g.neral changes as
low.red infant -artality, incr...ing education, urban
rath.r than rural resid.nce, and iaprcwing status of
WOllen. or of such particular chang.s .. spr.ading knowl
.dg. of and acc.ss to effici.nt m.thods of contrac.ption
or abortion--are strongly d.bated. Th.r. are also div.r
g.nt views of the appropriate national and international
polici.s on population in the fac. of th.se changing
trends. Th. differences in opinion .xtend to diff.rent
b.li.fs and ..sertions about what the population tr.nds
r.ally are in aany of th. less-d.veloped countries.
Becaus. births and d.aths are r.corded very incompl.tely
in much of Africa, Asia, and Latin America, lev.ls and
tr.nds of f.rtility and -artality must be estiaated, and
disagr....nt has aris.n in S08e instanc.s about the most
r.liabl••stiaates of thos. lev.ls and trends.

It w.. to ....in. these questions that the Committee
on Population and oe.ograpby was .stablish.d within the
Commission on Behavioral and Social SCi.nces and Education
of the National Research Council. It w.. funded for a
p.riod of five and one-half years by AID und.r Contract
No. AID/pba-C-ll61 and Grant No. AID/DSPB-G-0061. Chaired
by Ansley J. Coal., th. cc.aitt.e h.. und.rtaken three
aajor tasksl

1. To .valuat. available .vidence and pr.pare
e.tiaates of lev.ls and trends of fertility and mortality
in .elected dev.loping nations I

2. To iaprcw. the technologi.s for .stiaating
f.rtility and -artality when only incompl.te or inadequate
data ••ist (including techniqu.s of data collection) I

3. To .valuat. th. factors d.t.rmining the chang.s in
birth rat.s in l.ss-d.veloped nations.
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Given the _gnitude of th..e tasks, the ee-ittee
decided to concentrate its initial efforts on the firs t
two tasks. '!'bis work is detailed in a ser ies of country
and _thodological reports frc. the National Acad_y
Press, and the de.agrapbic esti..tion _thodology
developed for the country studies is laid out in a volu.e
issued by the United Nations. As of 1982, scae 170
population speciali8ts , including 94 frc. developing
countries, have been involved in the work of the ~ittee
as _lIbers of panels or working groupe. '!'be ee-ittee,
the e:a-ission, and the National Research COuncil are
grateful for the unpaid ti_ and effort these experts
have been willing to give.

'!'be ca..ittee initiated work on the third teak in
October 1979 when the separately funded Pan.l on
Pertility Determinants was established. Research on the
determinants of fertility change has been carried out by
scholars frc. several disciplines, and there is no cc.
prebeuive accepted theory of fertility change to guide
the evaluation. Because of this state of knowledge of
the causes of reductiou in fertility and the diffi
culty of the task, the Panel on Pertility Determinants
includes scholars frc. anthropology, de.agrapby,
econc.ics, epidemiology, psychology, sociology, and
statistics. Three ~ittee _lIbers serve on the panel.
'!he work progru of the panel includes the preparation of
a report that atteapts to s.-arhe and integrate
scientific knowledge about the determinants of fertility.
In addition, the panel has prepared a few illustrative
cross-national cc.parative analyses and studies of
several developing countriee.

'!'bis report is one of the panel's coaparative analysis
studi... It has been PEepared by Toni Richards, research
associate, Office of Population Research, Princeton
University, who was a National Acedeay of Sciences
postdoctoral fellow with the ca..ittee in 1980-81. '!'be
initial work on thi8 study was carried out at the Acade."
and it was caapleted at the Office of Population Research
(OPR) • '!'be panel and the ce-ittee are grateful to th e
author for preparation of the study and to the OPR for
logi8tical support provided to the author.

'!'be author, panel, and ca..ittee would like to thank
Henry Braun, Rodolfo Bulatao, Mark Mcntgc.ery, Krishnan
Nallboodiri, Anne Pebley, T. Paul Schultz, Burton Singer,
J_ Trussell, and Hania Zlotnik for helpfUl ~ts
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and criticisms at various stages of the project. In
addition, the report vas rwiewed by _-.ben of the panel
and the cc..ittee. Charles B....rslough provided
excellent progrUlllling assistance. Carol Ryner and Irene
Martinez masterfully typed the text and aany tables.
Rena Briere edited the repcxt, and Elaine McGarraugh
assisted vith the production details.

w. PARKER MAULDIN, Chair
Panel on Fertility Deter.tnants
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IBTBODOCTION

Br.astfeeding and contrac.ption are th. two k.y di.
cr.tionary variabl•• affecting f.rtility, that is, th.y
are the prillary way. in which ...n _y, through th.ir
own b.havior, influence when, if .v.r, th.y have a next
birth. Br.a.tf.eding and contrac.ptiv. practice are
th....lve. influ.nced by socioeconoaic charact.ri.tics.
In addition, a child d.ath _y truncat. br.a.tfeeding or
alter contrac.ptive behavior. Rec.nt work ha••hown the
i~rtanc. of th.s. int.r-.diat. variabl•• in accounting
for diff.rences among population. in aggr.gate fertility
l.v.ls (Bongaarts, 1976, 1982). Bicaetric .adels and
clinical studies give u. quite pr.cis. estimates of the
contribution of an additional -anth of breastf.eding or
contraception to th. length of the birth interval (for a
s~ry of .cae of this work, .e. Leridon, 1977, Sheps
and Menken, 1973, Bongaarts, 1983, or Bongaart. and
M.nk.n, 1983). Howev.r, the bicaetr ic .adels have relied
on mathematical .implifications, while th. clinical
studies have b••n r ••tricted to ._11 s.-pl.s, u.ually
based on local population. for which d.tailed prospective
data could be gath.red.

In this paper, a .ad.l of th. dynuic. of childbear ing
for the birth hi.tories of individual women is developed
and applied to World F.rtility Surv.y (WFS) data frc.
Colc.bia and Costa Rica. Th. analy.is focu••s on the
deterlllinants of br.a.tf.eding and contrac.ption, and on
the ways they, in turn, influ.nc. fertility. Th.
sophi.ticated and preci.e bicaetric .ad.ls are ext.nded
80 that they are applicabl. to th. gross l.v.l of _a
sure.ent and het.rog.neous s.-pl.s of the retrospective
birth histories available frOID surveys. To the extent
that thi. analysis produces eapirical results comparable
to those expected from biometric .adels and clinical

1



2

.tudie., it both lenda credibility to the u.e of aopbia
ticated lIlOdeling technique. with .urvey data and extenda
the validity of the bicaetric .adela to brOilder popula
tion.. To the extent that breuUeeding and contraceptive
uae can be .adeled, new insighta into .cae of the behav
ioral upecta and the dynaaica of the fertility dec18ion
aaking proce•• are gained. The .tat18tical technique.
u.ed rely on e.tiaation procedure. recenUy developed for
the analys18 of .urvival data and event hi.tori.. (COx,
1972, Kalbflei.h and Prentice, 1980). The.e technique.
have previoualy been applied to the analysis of labor
force dynaaica (ninn and IIeckun, 1982, TulIa et al.,
1979), -arriage di••olution (Menken et al., 1981),
contraceptive d18continuation (Potter and Phillipe, 1980)
and child .urvival (Trua.ell and s_ralough, 1983), a.
well u to a wide variety of biOMC!ical data. Their
application to fertility i. a natural one (... , for
exaaple, Singer and IIeckun, 1982, Braun and 80_, 1979).

Previou. work hu .~ted the birth interval into a
waiting ti. to conception, a period of ge.tation, and a
period of postpartua lIMnorrhea. Typically, each of
the.e .e~nta hu been .adeled .eparately. The length
of the waiting tiJ8e to conception hu been u.u.ed to be
dependent upon fecundity, the .anthly r18k of conception.
The length. of ge.tation and postpartua lIMnorrhea were
taken u either constanta or their distribution. were
lIlOdeled .eparately. The .adeling .trategy adopted here
calculate. conception rate. (which aay be equal to zero)
by duration, disregarding .egmentation of the birth
interval. That 18, it replaces the idea of fecundability
with a conception rate dependent on breutfeeding and
contraceptive use, and on a biologically deter.ined
propensity to conceive that is dependent on the ti.e
elapsed since the lut birth. The qu..tion i. whether,
given the reported data on duration of breutfeeding and
duration of contraceptive u.e frOll retrospective .urveys
like the WPS, we can e.tiaate the iapect of breutfeeding
and contraceptive practice on fertility a••uured
through birth interval length and parity progre••ion.
The buic idea 18 that at each point in ti••ince the
previous birth, there is scae ri.k of conception. This
ri.k i. influenced primarily by brea.tfeeding and
contraception, u well u by .ocioeconOllic factor.. In
addition, it is well known that infant .artality can
influence the length of the birth interval, either
beeauae breutfeeding stope when the child dies or
becau.e contraceptive practice changes. A si.ilar



3

.trategy is adopted for analyzing teraination rates for
breastfeeding and contraceptive u.e. Just a. there is
BOae risk of conception at each point in tiae fraa the
previous birth, there i. sa.. risk of terainating breast
feeding or contraceptive use at eacb point in tiae after
tbese behaviors begin. Infant aortality influences the
conception rate by changing these risks. Siailarly, the
pr incipal iapact of the socioeconaaic var iables on fer
tility can be expected to operate througb the decision to
brea.tfeed or contracept and througb the duration of
the.e practices.

In what follows the data fraa the WOrld Fertility
Surveys for ColOllbia and Costa Rica are descr ibed along
with the social, econaaic, and deaograpbic .etting. of
these two countrie. for the period 1960 to 1976. A
tbree-stage sch_ for the analpi. of breastfeeding,
contraception, and fertility i. a180 described. Tbe
.tages of the -adel include. fir.t, defining a set of
background covariates that predict whether or not a waaan
breastfed and wbether De used contraception, second,
-adeling durationa of brea.tfeeding and of contraceptive
u.e, third, devel~nt of a bia..trically-based -adel of
the interval between birtba. Since the theory for the
lut stage is ao.t fully developed, the .ch_ is
de.cribed in reverse order in the text. B.tt.ation
procedures for de.criptive stati.tic. and for the equa
tions specified are given next, along with a description
of the birth intervals s.-pled and definitions of the
variables used. Tbis is followed by a set of descriptive
re.ults, the final results, and a .~y.



NOTBS ON 'l'BB DATA

As already noted, the data oed are frca the WOrld
Fertility Surveys for Cola.bia and Costa Rica, wbicb
obtained reproductive bistorie., including date. of birth
and death of all children, for nationally representative
.Bllples of wcaen in the reproductive ages. ('l'he.e are
de.cribed in detail in the First Country Reporte, and the
quality of the data bave been explored in other WPS
publications, c.f. the Scientific Reporte.) Detailed
inforaation on breastfeeding and contraceptive use are,
bowever, available only for the last closed and the open
interval, and inforaation on duration of contraceptive
De was collected only in the two countries studied bere.
Despite being selected because of data availability,
Colombia and Costa Rica are appropriate for a comparative
study of the impact of breastfeeding and contraceptive u.e
on reproduction becauae they are countries with relatively
stailar levels of fertility, but quite different patterns
of breastfeeding and contraceptive use.

In both countries, tbe WPS was taken in 1976, in both
cases, 93 percent of last and next-to-last birth intervals
are concentrated in the period since 1960. Yet these
intervals are not representative of all birth intervals
begun in this period, in fact, tbe farther frca the survey
date (i.e., the closer to 1960) an interval began, the
less likely it is to be the last or even next-to-last in
1976. Tbe situation is problematic because the estima
tion procedures used bere require that we assume the
childbearing process to have remained relatively unchanged
over the entire period, a stationarity assumption that
may not be met by the data because the period between
1960 and 1976 was one of considerable social, economic,
and demographic change for both countries. In order to

4
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understand potential sources of bias, we will ex..ine
sc.e of these changes rather closely.

Pigure 1 lIbon the downward trends for the period
1960-76 in fertility (total fertility rate) and infant
~rtality (lqO>. The level of fertility and the pace
of decline are sWlar in both countries, but infant
~rtality is aoaewhat lover in Costa Rica than in Colc.
bia. Pigure 2 displays the age profile of fertility for
both countries for two tt.e pointe. The pattern of
decline hu been sWlar in both countries, resulting in
a concentration of childbearing at younger ages, that is
perhaps ~re ..rked in COsta Rica than in COlOlibia.

There has a180 been conaiderable .ocial and econcaic
change. While both ColOlibia and COsta Rica still have
large agricultural 8eetors (with 30 and 22 percent,
resPectively, of the gross &.estic product being der ived
from agriculture), urbani.ation and industriali.ation
have both increased since 1960. The aid-1960s a180 s.
the developaent of f ..ily planning progr_ in both
countries. Although COlOlibia and COsta Rica are both
about equally urbanized, per capita inee.. and literacy
are considerably higher in Costa Rica, as is contracep
tive prevalence. In contrut, breutfeeding is .are
c~n and of longer duration in COlOlibia than in Costa
Rica. Thus, .tailar leve18 of fertility are obtained by
quite different behavioral aechanis.. In both countries,
f ..ily planning clinics have tended to be concentrated in
cities, and contraceptives have been ~re available to
the urban population (s.. Sanin, 1976, Gc.ez and
Ber.udez, 1974).

These social and de~rapbic changes affect the
representativeness of the lut two birth interva18. As
already noted, births occurring farther .ay frc. the
survey date and ...ociated with the last two intervals
are less and less representative of all births for that
period. In particular, births occurring far from the
survey date will be associated with longer intervals,
lIbort interva18 frc. earlier periods will becorrespon
dingly underrepresented. These long intervals will tend
to be associated with births to ~n who are subfecund,
older ~n, higher-parity ~n, and wc.en using contra
ception. This lut group is of sc.e concern since these
wa.en must have started using contraception at a time
when it was relatively unusual to do so. Therefore, they
may be an atypically aore -.adern- group for their period,
and their childbearing experience ..y be closer to that
of wc.en who gave birth in the ~re recent period. In
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addition, -edern coitu.-independent contr.c.ptiv•• wer.,
for the .cst p.rt, not .v.ilabl. until the 1970., which
..808 th.t th.s. long.r int.rv.ls hed to be .chieved
through the .ff.ctiv. u•• of .cr. tradition.l _thod.,
and tho ..y bi.s upward. our e.tiute. of the illpact of
the u•• of th••• _thod. on f.rtility. An .tteapt to
..s... th... bi.... is -.d. by progr.s.iv.ly .xcluding
births frc. earli.r peri0d8, r.pe.ting .n.ly••••nd
CClaParing r ••ulu. Tho, all last and next-to-l.. t
birth••r. analysed fir.t, followed by only thos.
occurring sinc. 1960, .inc. 1965, .nd .inc. 1970.



'l'BB MODBL

In an effort to under.tand the dynaaic. of fertility a.
regard. its respon.ivene•• to breastfeeding, contra
ceptive use, and their duration. at the birth interval
level, the reproductive hi.tory of a wo.an i. treated as
a sequential process marked by events including birth.,
initiation and termination of brea.tfeeding, initiation
and teraination of contraceptive use, and infant deaths.
Although decisions about breastfeeding or contraception
and about childbearing are simultaneously determined, and
child mortality both affects and is affected bY fertility,
this highly endogenous syst_ will be broken into a
aulti-stage proce.s.

The stages of the .cdel are as follows. A set of
background .ocial and economic variables is develoPed for
the purpose of predicting whether a woman breastfed or
whether she u.ed contraception during the last closed or
the open interval. Durations of breastfeeding and of
contraceptive use are then predicted for wa.en with posi
tive durations on each variable, respectively. Finally,
a .cdel for the full interval between births is devised
and tested. Because the WPS collected information on
relatively few social and economic variables which might
be expected to influence the decision to breastfeed or to
contracept, and the duration of either, and because we
know relatively little about this decision-making process,
the first portion of the .cdel is not as fUlly developed
as it might otherwise be. In contrast, more information
is available about how the interaediate variables ought
to enter a model of the waiting tiae to the next birth.
Thus in our conceptual scheme, a set of social and
economic characteristics influences whether and how long
a vaaan breastfeeds or con.tracepte, and these two
interaediate variables, along with child aortality,

9
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influence the waiting time to the next birth. Thi••ch_
can be thought of u a tr81\8lation of the Dav is and Blak e
(1956) framework to the individual level, with the fint
pcxtion involving behavioral .adeling and the .econd bio-
metric -adeling. It is shown in diagraa form at the
beginning of the section on final resulu.

The ~el will be de.or ibed frca the in.ide out.
first, the bicaetric lDOdel of fertility, then determinants
of the duration of breastfeecUng and of contraception,
and finally, deter.inanta of the probability of breast
feeding or contraception. To do this, we aust define
so.e statistical terM and functions. The reproductive
history of a woman i. taken to be a point proce•• , that
i., a random collection of poinu along the tiM axis
(COx and Ishaa, 1980). Evenu such as a birth, initiation
or ter.ination of breutfeeding, initiation or ter.ination
of contraception, or a child death define the poinu, the
time between related events defines intervals on the axi.,
for ex_pIe, birth intervals or duration of breastfeeding.
Such a process can be specified in three ways, each
containing the same inforllllltion expressed differently.
the interval specification, the counting specification,
and the conditional intensity specification. The interval
specification is based on the joint distr ibution of
intervals. The counting specification is based on the
distr ibution of the number of events in se.. fixed
interval. The conditional intensity specification tells
the probability of an event in a small tiM interval,
conditional on the history of the process up to that
point in time (Cox and Isham, 1980). For example, it
would tell the probability of a birth at a given time
instant conditional on the woman's reproductive history.
For our purposes, this is the ~st intuitive approach to
lDOdeling the childbearing process.

The intensity specification is a generalization of the
well-known hazard function. The hazard approach requires
the existence of a density function for waiting times,
that is, times between evenu. The relationships among
the hazard, and the density and the distribution functions
for waiting times is given below. Let T be a random
v ar iable denoting time between even ts • Suppose it has
probability density function f(t) and cumulative
distribution function F(t), then

t

F(t) • Pr{T~t} • I f(u)du
o

and



f(t) • 11.
8-0+

11

pr{t~'l'<t... }

8

Tbe survivor function i. defined as

P(t) • 1 - F(t) • pr{~t}.

Tbe hazard function is now given by

h(t) • l~o+

• Ii.
8-0+

f(t)
•

V(t)

pr{t<~t+aI'l'>t}

pr{ tc~t... }

8

1

pr{T>t}

F(t)

Tbe hazard function i. related to the survivor and
density functions by

}, (t) d
h (t) • - • __ log F(t) •

dt

Using the initial condition that F(O) • 1 and integrating
one has

t
P(t) • exp[-I h(u)du]

o

fro-. which it follows that

t
f (t) • h (t)exp[-I h (u)du] •

o

Clearly information about the hazard function is equiva
lent to information about the density of waiting times or
the survivor function.



12

THE FER'l'ILITY BQUATION. MODBLDtG TBB TIMB 'l'O EXT
CONCBPTION

Our approach will be to ~el the conditional probability
of having a birth (or conception), given that it ha. not
already happened in the birth interval in question, and
then to consider how thia hazard function (or conception
rate) is ~ified by breastfeeding or contraception, or
other characteristics such as a child death. Consider
the following sche_tic repre.entation of the birth
interval.

kth birth

I

cODception leediDI"

,. (k+j>'h :::::'h
birth

1
+-aoDauaceptible period-+ +-auaceptible period-+ +-leatetioD-+

'!he discussion of the hazard function is bUed on thi.
decoaposition of the birth interval into components
influenced by different factors. a nonsusceptible period
following a birth composed of postpartum and possibly
lactational amenorrhea, a susceptible period where the
probability of conception may be lIIOdified by contracep
tion, and a period of gestation. '!he goal is to derive
some notion of the shape of the hazard function and how
it behaves by consideration of these components. 'l'he
~el will not explicitly include fetal mortality.
(Onderreporting of pregnancy wastage is very.severe in
the WFS, see Chidambaram et al., 1980). Spontaneous
abortions are implicitly included in the sense that they
reduce observed conception rates in the susceptible
period. In addition, the probability of conception for
any given woman is influenced by a variety of factors,
some of them genetic, which cannot be measured and which
will not be included in the model. This means that the
estimated hazard function may appear to decline where the
true hazard does not. (Explicit modeling of this unmea
sured heterogeneity is beyond the scope of the present
research, for a discussion of the biases involved see
Flinn and Heckman, 1982, Singer and Heckman, 1982,
Heckman and Singer, 1982).
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Por convenience, in.tead of conaidering the intervals
between births, consider the interval. between conceptiona
leading to live births, 80 that an interval begin. with a
period of gestation followed by po.tpartua amenorrhea.
Por the purpose. of -adeling, we will assume that the
period of gestation is fixed at 9 ~nths. This follows
standard bic-.tric practice (see Leridon, 1977). During
this period, the probability of conception i. zero. The
period of ..enorrhea following ~ birth is often taken to
be fixed at 2-3 ~nths. (Leridon cite. a mean of 58 day.
[1977183], Bongaarts cites 1.5 to 2 .cnth. [1983].) How
ever, this distribution i. con.iderably -ere variable
than is that for the duration of gestation, and .... to
bear incorporating into the model. (Leridon sUCJge.ts a
aaxiaua of 11 .cnths of amenorrhea in the absence of
lactation [1977183].) The period of amenorrhea ..y be
followed by irregular cycl... In 90 percent of cues,
ovulation returns before the fir.t men.es or in the first
cycle (Leridon, 1977184, Bongaarts, 1983). However, the
first few cycles following the return of menses tend to
be -ere variable in length, with the proportion of anovu
latory cycles falling frc. 10 percent to les. than 5
percent in the first five cycle. (Leridon, 1977184).
After this period of irregular cycle., the risk of
conception is usually taken to be a constant, esU_ted
to be .20 or .25 near marriage for wo.en in their
twenties, with a mean waiting tble to conception of 5 to
8 ~nths depending on the variability of fecundity
(Leridon, 1977133-36). Specifically, the di.tribution of
waiting tbles in the susceptible period is assamed to be
exponential with a constant occurrence rate. Combining
this infor..tion yields the graphical display of the
conception rate Down at the top of page 14. Here the
hazard is constant and equal to zero for 12 ~ths dur ing
the nonsUBceptible period (9 ~nth. gestation plus 3
aonths postpartua amenorrhea), and then gradually rises
to a second constant level as the woaan enters the
.usceptible period.

Now consider how this hazard may be modified by breast
feeding and by contraception, respectively. Breastfeeding
lengthens the period of postpartua amenorrhea. The extent
of this impact depends on the duration of breastfeeding I

with up to 3 ~nths of breastfeeding, the duration of
amenorrhea exceeds the duration of breastfeeding, after 3
months, each additional month of breastfeeding adds less
than 1 month of amenorrhea (Leridon, 1977185, Bongaarts,
1983). The impact of breastfeeding on amenorrhea also
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depends on both the frequency of nursing and whether
breastfeeding is full (no supplementation) or partial
(the infant receives other nourishment). Full breast
feeding appears to have a much greater impact than
partial on amenorrhea, but neither has any apparent
effect after 18 months. In addition, little is known
about the return of ovulation, the proportion of anovu
latory cycles, or the regularity of menses among wc:.en
who have stopped lactating. Once menses return, it is
plausible that the same lK)del of constant conception
rates is appropriate both for noncontracepting women who
are breastfeeding and for those who are not, although
there is SODle evidence that conception rates _y be lower
among women who continue breastfeeding after the menses
resume. The expected impact of breastfeeding is shown by
the dashed line in Diagram 2 on page 15. Contraception
reduces the conception rate during the susceptible
period. Most biometric models assume that a woun
contracepts with an effectiveness £, which is
method-specific and constant throughout the period of
contraceptive use. During this period, the conception
r ate is proportionately reduced by the factor £. This
is shown by the dotted line in Diagram 2. Once contracep
tion ceases, the conception rate shifts back up and is
the same as for women who do not breastfeed and do not
contracept. Thus, breastfeeding shifts the curve to the
right, whereas contraception shifts it down. It is beyond
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DIAGRAM 2 Baaard Function for ConceptioDi Three Cases
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the scope of the present research to study interactions
of breutfeeding and contraception, aorecwer, only a
small fraction of wc:.en simultan80U8ly breutfeed and
contracept in the countries we are studying (Pebley et
al.,198l).

Infant and child aortality poae a difficult problem in
this study of fertility. Short birth intervals and high
child aortality are often mutually reinforcing. First,
mortality rates of children born only a short time after
an older sibling are known to be higher than rates for
children born after long intervals (Wolfers and Scrimshaw,
1975). Second, a child death may truncate breastfeeding
or alter contraceptive practice. This last effect should
be captured through the inclusion of breastfeeding and
contraception in the fertility equation. Nevertheless,
there may be an additional behavioral effect if couples
try to replace children who die, for example, by
increasing coital frequency. To determine whether there
is a residual impact of child mortality on fertility
apart from changes in breastfeeding and contraception,
therefore, child mortality is included in the model.

For the most part, social and demographic character
istics of the woman or her husband that may affect
fertility are expected to work primarily through their
influence on breastfeeding and contraception. Two
possible exceptions to this are age and parity. Empirical
results suggest that intrauterine mortality and the
probability of stillbirth rise with parity (Leridon,
1977, Bongaarts, 1983). Since these pregnancy outcomes
are much less likely to be reported than live births
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(Chidambaram et al., 1980), this increasing risk _y lead
to longer live-birth intervals and conception rates that
appear to be lower at higher parities. Parity hu been
included among the covariates to help alleviate this
problem. '!'he particular specification for parity and the
other covariates will be described following the dis
cussion of esti_tion procedures. In addition, results
will be presented separately for five-year cobort. for
two reasonsl fecundity declines with age, and reproduc
tive behavior _y differ .ubstantially for different
cohorts. Duration of llarriage is omitted from this lK)del
because, although coital frequency _y decline wi th
duration of marriage, recent re.earch using WFS data
shows little or no effect of marriage duration on
fertility (Casterline and Bobcraft, 1981). Although
social and economic characteristics of the woman or her
husband can be expected to influence fertility prilllllrily
through their influence on breastfeeding and contracep
tion, these variables are included in the lK)del to
determine whether there is any residual impact on
fertility. '!'herefore, the model includes infor_tion on
the education of both spouses and whether they reside in
urban areas. Although it would be of some interest to
examine the joint decisions about female labor force
participation, fertility, breastfeeding, and contracep
tion, to do BO adequately is beyond the scope of the
present research, the model therefore includes only some
rUdimentary information on the woman's work experience
since marr iage.

THE BREASTFEEDING EQUATION I MODELING THE DURATION OF
BREASTFEEDING

Information on the duration of 'breastfeeding for the last
closed and the open birth interval is available from the
WPS core questionnaire. We are therefore limited to
modeling the probability of breastfeeding in either the
last closed or the open interval and the duration of
breastfeeding, that is, discontinuation rates, for women
who breastfeed. More careful lK)deling of the probability
of initiating breastfeeding following any birth is not
possible with the simple estimation strategy used here.
A schematic representation of breastfeeding for the last
closed and the open birth interval for a woman who breast
feeds in both intervals and who has stopped breastfeeding
by the time of interview is given on page 17.
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I
th birth (k+l)th birth iaterYjoe

+ kth iaterval--------+ +---------- (k+l)th iaterYal------+

+--., , ---------oo,----:1+--b, , ----------aot----

WORen aay discontinue breaatfeeding for two reasons,
sa.e wo.en aay discontinue t..ediately because of • .aical
or pbysical problema, others will continue breaatfeeding
until se.. later, perhaps socially preacr!bed, weaning
date. Those in the first group will have very abort
durations of breastfeeding, shown by the function fl in
Diagram 3 below, those in the second group will have
longer durations, grouPed around a second .cdal value
abown by the function f2. Aa a consequence, the density
of waiting tiaes for all we..n aay be a .ixture of these
two densities.

DIAGRAM 3 A Two-Pold Mixed Weibull Density Function
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The role of child mortality in relation to breastfeed
ing is a particularly difficult problem. For some
children, death truncates breastfeeding, for others,
short breastfeeding may precipitate death, for still
others, poor health may result in early termination of
breastfeeding, which can in turn result in worse health
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and possibly death. This poses a severe endogeneity
problem. Ideally, breastfeeding and child mortality
should be modeled simultaneously u a aulti-state
process, indicating whether breastfeeding ter.tnated
before the child died. unfortunately, the WPS has
grouped the data on date of death into quite large
intervals so that it is not possible to tell how lalg
before the child's death breastfeeding wu ter.tnated.
Even if estiution of such a model were possible, ale
could not deter.tne without additional inforution
whether breutfeeding wu terainated because a child was
unhealthy or whether early ter.tnation of breastfeeding
resulted in a child death. Therefore, from these data,
it will be possible to deter.tne only descriptively
whether children who survive are breutfed lalger than
those who do not.

Social and demographic characteristics of the woman
and her husband can also be expected to influence
duration of breastfeeding. If breastfeeding is being
used for family limitatial purposes, then its duration
should be longer at higher parities, although empirical
evidence for this is weak (Jain and Bongaarts, 1980, Butz
and DaVanzo, 1978). '.ftle greater availability of co~

mercial supplements, as well as better opportunities for
women to participate in the labor force in urban areas,
may reduce duration of breastfeeding among urban resi
dents. In addition, it is known that women's education
and breastfeeding are inversely related (Jain and
Bongaarts,1980). Ideally, a model of breastfeeding
would include information on other oppoctunity costs of a
woman's time, unfortunately, such information is not
available from the WFS. However, some rUdimentary
information on the woman's work exper ience since marr iage
is included in the model to test its value as a proxy for
the opportunity costs of women's time.

THE CONTRACEPrION EQUATION: MODELING DISCONTINUATION
RATES

Th e family planning module of the WFS questionnaire used
in Colombia and Costa Rica includes information on
duration of contraceptive use for the last closed and the
open interval. These are the only two countries for
which such information is available. As in the case of
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breastfeeding, both the probability of using contraception
in either interval and contraceptive discontinuation are
modeled. The diagram below gives a schematic represen
tation of contraceptive use in the last closed and the
open interval for a woman who contracepts in both
intervals and is still contracepting at the time of
interview.

}

th birth (k+l) th birth inurVieI

+---------__o,. i.'....t--------+!+-----------(k+l)th interval------+

not----++----contraceptinl---++--not----------++---contraceptina----+

Studies of contraceptive discontinuation abound in the
literature. One example using a similar methodology is
Potter and Phillips (1980). Diagram 4 below gives the
estimated hazard rate of discontinuing any method among
pill acceptors.

DIAGRAM 4 Observed and Predicted Monthly Probabilities
of Discontinuing Any Method Among Pill Acceptors

diacontinuation
rate .1

...
'. . .. ....... ..... '.. .. ... . . .'

12 2,. 36 ,.e 60 aontha

The hazard function for contraceptive discontinuation
should be shaped differently for different methods:
users of coitus-dependent methods may be expected to use
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for shorter periods than users of more modern coitus
independent methods. Women who want an additional child
are likely to contracept for shorter durations. In
addition, a child death may lead some women to discontinue
contraception earlier than they would have otherwise.
However, the model of contraceptive discontinuation will
not inclUde reasons for discontinuation since these may
change with the length of use. It has also been argued
that breastfeeding and contraception are competing ways
of postponing the next birth. If this is the case, we
would expect women who breastfeed not to contracept or to
contracept for shorter durations. The concentration of
family planning services in urban areas, as well as
better availability of supplies and medical care, may
make urban women more likely to use and to continue to
use contraception. Research haa also shown that more
educated women continue contraception longer than do the
less-educated (Potter and Phillips, 1980). Participation
in the labor force may increaae the incentive to contra
cept for longer periods. Although detailed information
on labor force participation is not available, the
less-than-ideal data available are included in the model
to test their utility as a proxy for opportunities in the
labor force.

THE PROBABILITY OF BREASTFEEDING AND THE PROBABILITY OF
USING OONTRACEPTION

The prevalence of both breastfeeding and contraception
differs quite markedly between Colombia and Costa Rica.
For example, 19 percent of Colombian women and 7 percent
of Costa Rican women were breastfeeding at the time of
the surveYI while 52 percent of Colombian women and 78
percent of Costa Rican women were using contraception.
Therefore, there is some interest in investigating the
determinants of the propensity to breastfeed and the
propensity to contracept in either of the last two birth
intervals for these two countries. Only the background
variables describing social and economic characteristics,
taken to be fixed oyer the last closed and the open
interval, are expected to influence these probabilities.
It is hypothesized that more-educated women and those
with more-educated husbands will be more likely to con-



21

tracept and less likely to breastfeedJ women living in
urban areas will be more likely to have access to and
therefore use contraception, but may also be less likely
to breastfeedJ women with experience in the labor force
since marriage and those who have worked outside the home
may have more -modern- ideas and be more likely to
contracept and less likely to breastfeed than women who
have not had these experiences.



METHODS

This section of the report haa five parts. First, the
duration data for fertility, breastfeeding, and con
traception are described and evaluated using Kaplan-Meier
estimates of the survival functions (Kalbfleisch and
Prentice, 1980). Second, the .adels of conception rates,
teraination of breaatfeeding, and contraceptive dis
continuation are analyzed using estimated hazard
functions vith tiM-varying covar iates. In the next tvo
parts, the sample and variables used are defined.
Finally, the equations for the probability of breast
feeding and the probability of using contraception are
estiaated using logistic regressions.

A DESCRIPTIVE STATISTIC FOR DURATION DATA:
THE KAPLAN-MEIER ESTIMATOR OF THE SURVIVOR FUNCTION

The survivor function vas defined in the previous
section: l1(t) is the probability that the event of
interest occurs sometime after the time, t, since the
preceding event. The events are births (in the case of
fertility), termination of breastfeeding, and contra
ceptive discontinuation. An interval is said to be
censored if the respondent vas interviewed before it vas
closed by the next event. Since the information used is
from the last closed and the open birth interval, there
are at most two intervals for each woman, one of which
may be censored. All intervals (even those for the same
woman) are treated as if they were independent. The
Kaplan-Meier estimator is the nonparametric maximum
likelihood estimator of 11. It is defined as follows,
using the example of birth intervals (from Kalbfleisch and
Prentice, 1980:11-16). Suppose birth intervals of length

22
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tl < t2 < < tk are observed in a 8ample size N from
a homogeneous population with survivor function F(t).
Suppose further that there are di birth intervals of
length ti (j-l, ••• ,k) and mj birfh intervals are cen8~ed

by the ifiterview in the interval [9' 9+1). The nlDlber
of items at risk just prior to ti i8 nj - (ai + d j ) +••• +
(mk + dk) -the nWDber of birth in£erva18 that nave not ye t
been closed by a birth or censored by the interview. The
Kaplan-Meier estimator is now given by

It i8 a 8tep function with jumps at the observed birth
interval lengths. It neglects calendar tiae in that it
only uses information on the length of the interval, a8
if all interva18 had a common origin time, taO. This i8
a180 true for duration of breaatfeeding and duration of
contraceptive U8e. These e8tiaated 8urvivor functions
are used to evaluate the quality of the duration data.
Preference in reporting certain interval lengths, par
ticularly trouble8ome for brea8tfeeding and for contra
ception, will be revealed in large jumps in the estimated
8 urvivor function8.

A CONTINUOUS-TIME ESTIMATOR OF THE HAZARD !UNCTION
WITH TIME-VARYING COVARIATES

The hazard function was defined above, where it was 8hown
to be related to the survivor function by a simple tran8
formation and therefore mathematically equivalent to it.
For analysis of a WOIIIan' s reproductive history, the hazard
function i8 preferred because it allows us to examine the
probability of an event, such as a birth conditional on
other events or behavior8 in the birth interval, such as
breastfeeding or contraception. Only a 8imple 8pecifica
tion of the hazard will be considered here. While more
elaborate models have been de8cribed in the literature
(see, for example, Singer and Heckman, 1982), fitting
such mode18 can be exceedingly complicated.

The basi8 for the estimation procedure is to approxi
mate the hazard by a 8tep function, defining subperiod8
of time frOID the 8tart of the interval and a88uming that
the hazard is constant within those 8ubper iode, but
shifted proportionately by the covariate8. As will be
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8"n in the next 8ection, the estimated 8urvivor
functions, wbich contain the 8ame information as the
bazard functions, are quite 8.x>th and change relatively
8 lowly. '.ftli8 implie8 that the bazard function8 will a180
tend to be 8.x>th, 80 tbat the 8tep function approxiaa
tion probably does not re8ult in the lOS8 of a great deal
of information. In its 8tructure, the bazard model
reaelllble8 an analyei8 of covariance with interaction8.
It is given by

where p indexe8 8ubper iode from the 8tart of the interval,
X is a vector of covariate8 wbich are fixed with

respect to the interval,
Zp is a vector of po88ibly ti__varying covariate8,
a,lp are vector8 of parameter8 to be e8tiaated, and
hp i8 the level of the bazard in 8ubper iod p.

The X variables are generally a 8et of background vari
ables tbat de8cribe the 80cial and economic character
i8tics of tbe WOlllUl and ber busband. '.ftlese variable8 are
uncbanged over the cour8e of the interval and bave the
8ame (proportionate) effect on the bazard at all dura
tiona. '.ftle Z variable8 repre8ent the more dynamic _pect
of tbe lIIOdel and incorporate events or bebavior8 occur
ring dur ing the interval of intere8t that can be expected
to lIIOdify tbe fun~ntal 8bape of tbe bazard. Either
the8e variable8 thelll8elVe8 change over the course of the
interval--for example, breaatfeeding wben birth8 are the
dependent variable-or their impact on the dependent
variable cbange8--tbat is, tbey are interacted with
8ubperiod. '.ftli8 model is e8timated by maximum likelihood
u8ing tbe program RATE (TUaa and P_ta, 1980). In
addition to as8uming a constant bazard within 8ubper iod8
wbicb i8 8bifted proportionately by tbe covariate8, tbe
estimation procedure a180 assume8 tbat all beterogeneity
is ..nured by tbe covar iates X and ~, and that all
interva18 are mutually independent, even those for th e
8_ woman. In otber words, individuals with the 8_
value of all covariate8 in 8ubperiod p bave exactly the
8ame bazard rate. It 8bould be noted that this i8 only
one of a number of pos8ible 8pecifications, a 8imilar
model could have been e8timated u8ing a 8tandard package
for the analy8i8 of contingency table8 (8" Laird and
Oliver, 1981, or Alli80n, 1982).
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SAMPLE DEFINITION

The analysis here is restricted to women who have been
stably married since before the birth of their third-to
last child for the following reasons. Detailed infor~

tion is restr icted to the last closed and the open birth
intervals. This means that two intervals are sampled
from a woman's reproductive history, the date of interview
determines which two are selected. The estimation pro
cedures used here require pooling these two intervals and
neglecting their order and calendar time, that is, they
only use information on the length of the interval, as if
all intervals had a common origin time. Intervals for
the same woman are not linked in any way, but are treated
as independent observations. 'l'his .eans that the process
must be stationary over the intervals sampled. stably
married women are selected to permit treating inforaation
on social and economic characteristics of the woman and
her husband, collected at the time of the survey, as
fixed with respect to both intervals used. WOlDen of
parities three and higher were chosen to eliminate
intervals between marriage and first birth and to per.it
the option of using information on infant mortality from
the next-to-last closed interval. The sample selection
is diagrammed below.

(k_j)tb birtb ktb b\ortb (k+l)tb birtb interview

."_1'" i.,....1•••" i.,....,.I.,•.I". 1.,....1.
+-laat cloaed:J+------open------+

+----------------------duration of' i tb ..rria.e---------------------+

DEFINITION OF VARIABLES USED IN THE HAZARD MODELS

Three dependent variables are considered at each stage of
the analysis: duration of the interval from a live birth
to the conception of the next live birth, duration of
breastfeeding, and duration of contraceptive use. The
first variable is so defined because it is assumed that
the length of gestation (when the risk of conception is
zero) is fixed at 9 months, it is measured by subtracting
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9 months from all closed intervals and defining currently
pregnant women as having an open interval of length zero
(no exposure). This _ana that the per iOO of gestation
hu been eliainated frOID the analysis, thereby defining
the hazard u zero duration gestation. Spells of
breutfeeding and of contraceptive use in the closed
birth interval are always closed, spells from the open
birth interval are open only if the woman is still
breastfeeding or still contracepting at the time of
interview, otherwise they are closed.

'!'be analysis of the hazard .ooels hu three stages •
The first is descriptive. A aodel with no covariatea is
est1aatedl hp • 1pt P • 1, ••• ,8. This .ooel contains
auch of the s_ inforaation u the estiaates of the
survivor function. '!'be eight subperiods are 0-2, 3-5,
6-11, 12-17, 18-23, 24-35, 36-47, and 48+ months. Sb~ter

subperiods are used at the start of the interval because
this is where the hazard typically changes aost rapidly.
These estimates serve as a bueline for ee-par ing the
iapact of the covariates. Por .ooe18 with covariates,
the nUllber of subperiods is reduced to six, where the
first five subperiods are the same u before and the
sixth subperiOO is 24+ months. This is in part to reduce
the nUlllber of parameters, and in part because there are
few observations at the longer durations. tIlen models
with eight subperiods were tested, the likelihood ratio
statistics for the added parameters vere generally not
statistically significant.

Table 1 describes the variables used in each of the
three analyses. '!'be set of background variables is the
same in all three equations. It includes indicators of
female labor force participation, urban residence, and
years of schooling for the WOllan and her husband. As
already noted, these var iables can be expected to
influence primarily duration of breastfeeding and
duration of contraceptive use, rather than the time to
next conception. '!'bey are included in the fertility
equation so that their direct impact on the time to next
live-birth conception apart from their indirect effect
through breastfeeding and contraception can be ucer
tained. Extensive investigation of the functional
specification of these variables was not performed here
or elsewhere in the analysis, in part because these
var iables did not per form as veIl as expected, perhaps
due to measurement error. '!'be woman's parity at the
start of the birth interval is included in all three
equations, it is included in the fertility equation to



27

capture parity-related changes in pregnancy wastage and
fecundity not measured elsewhere. The fertility equation
also includes indicators of contraceptive method (coitus
dependent or coitus-independent), these are treated as
shift factors that are fixed for the interval. Duration
of use is a time-varying component that modifies the
shape of the hazard. The other time-varying covariates
are breastfeeding and child survival (survival of the
child whose birth began the interval). All three are
treated as indicator variables that are specific to
subperiods.

The variables indicating duration of contraceptive use
require same special comment. The WFS for Colombia and
Costa Rica provides information on length of use in the
closed and the open interval and on current status, but
do not give start and stop dates. In order to use this
information, one must make some assumptions. It is
assumed that women who do not breastfeed begin contracep
ting immediately postpartum, it is also assumed that
women who breastfeed begin contracepting as soon as they
stop breastfeeding unless the sum of the duration of
breastfeeding and the duration of contraception is greater
than the length of the interval from last birth to next
conception (or to interview for the open interval), in
which case a period of overlap is allowed. However,
apparently very few women simultaneously breastfeed and
contracept (Pebley et al., 1981). When alternate assign
ment strategies allowing a delay of 1-3 months between
the last birth and the beginning of contraception and
between termination of breastfeeding and initiation of
contraception were tried, results were not significantly
altered. As will be seen when the findings are described,
the principal impact of contraception on fertility is
through the two variables which indicate use of particular
contraceptive methods at any time in the interval. These
drastically shift the hazard downward. By comparison,
the time-varying covariates produce relatively small
rearrangements of the hazard. Poor quality of the data
on when contraception was actually used within the
interval may account for these findings.

The breastfeeding equation includes the same set of
background characteristics and parity. In addition, a
dummy variable indicating whether the child in question
survived past its second birthday is interacted with
subperiod (that is, its estimated coefficient is allowed
to vary with duration of breastfeeding and thus modify
the shape of the hazard and not just its level) to show
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TABLE 1 Variable Definition for the Hazard Models

rD.TILITY IQUATIOII

Dependent Variable: length of interval from birth to next conception.

Pized coyariatea (X)

Background Characteriatica:

work aince .arriage: d~y-l if the woaan hu worked aince
aarriale.

work avay from hoae: duamyal if the voaan haa worked outaide the
ha.e.

woman'a education: yeara of achoolin,.
huaband'a education: yeara of achooling.
urban reaidence: duamyal if the voaan currently livea in an urban

area.

Other »e.ographic Characteriatica

contraceptive aethod: aet of two du.-y variablea.
coitua-independent contraception: duamyal if the voaan uaed the

pill, IUD or injectiona in the birth interval in queation.
coitua-dependent contraception: duamy-l if the voaan uaed a

diaphra.., fo.., condom or other coitua-dependent aethod in
the inverval in queation.

parity: a counter indicating parity at the atart of the interval.

Ti.e-Varyiaa co.ariatea (Z,)

breaatfeedinl: a aet of aix du..iea-l if the voaan breaatfed her
child in aubperiod p and previoua aubperioda.

contraception: a aet of aix duamiea-l if the voaan uaed
contraception in aubperiod p.

child aurvival: a aet of aix du..iea-l if the child born at the
atart of the interval aurvivea throulh aubperiod p.

BUAlTnUIIIG IpTIOII

Dependent Variable: duration of breaatfeeding.

Fixed Covariatea (X)

Background Characteriatica: aaae u in fertility equation.

Other Deaographic Characteriatica:

parity: aaae u in fertility equation.

Pixed co.ariatea that are Interacted with lab-Period (Z)

child aurvival: d~y-l if the child born at the atart of the
birth interval where breaatfeeding occura aurvivea longer than
two yearl.
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TABLE 1 (continued)
COITIACEPTIOI IQUATIO.

Dependent Variable: duration of contraceptive use.

Pi.ed co.ariates (X)

Background Characteristics: Same .. in fertility equation.

Other De.olraphic Characteristics:

parity: same as in fertility equation.
breastfeedinl: dummy-l if the woman breast fed in the birth

interval where contraception occurs.
child survival: d~y-l if the child born at the start of the

birth interval where contraception occurs survives lonler than
tvo years.

,ixed co.ariate. that are Interacted with lab-Period (Z)

desire for an additional child: du..y-l if the voaan stated that
she wanted an additional child after the child born at the
start of the birth interval where contraception occurs.

contraceptive method: d~y-l if the woaan if the woaan used a
coitus dependent method (see fertility equation for a .are
detailed description).

IUBIWIPLIS

The equations above have been reestiaated for subs..ples defined by
period to test for non-linearities and to atteapt to uncover biases.
These results are included in the appendix.

Periods: birth intervals belun since 1960, since 1965, since 1970.
Data for all three equations are prolressively restricted to
intervals fro. the .ore recent period.

in a descriptive way the shorter durations of breastfeed
ing among women whose children die. Along with the set
of background characteristics and parity, the contracep
tion equation also includes indicators for breastfeeding
and child survival that are treated as fixed with respect
to the interval of use. Variables indicating desire for
an additional child'and contraceptive method are inter
acted with subperiod. This specification was chosen
because it is not possible to determine the relative
timing of events in this portion of the data set.
Nevertheless, fertility desires and contraceptive method
are expected to influence not only the level of the
hazard, but also its shape. Breastfeeding and child
survival were retained in the equation since their effect
on duration of use is of some interest, but their impact
was not sufficient to warrant the estimation of
additional parameters required by an interaction model.

The models were estimated for several subgroups of the
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entire sample selected for this analysis. In light of
the concerns expressed earlier that intervals farther
away from the survey date are less representative, the
per iad was restr icted to the IDOre and more recent past:
since 1960, since 1965, since 1970. All three equations
were estimated separately for each of these subper iads.

LOGISTIC REGRESSION ANALYSIS OF THE PROBABILITY OF
BREASTFEEDING AND THE PROBABILITY OF USING CONTRACEPTION

The decision to breastfeed or to contracept may be
determined by factors other than those related to the
duration of lactation and cootraceptive use. As a first
step in understanding what determines the propensity to
breastfeed or to contracept, two dichotolDOus variables
were defined which indicate whether the woman ever breast
fed and whether she ever used contraception in either the
last closed or the open interval. The predictor
variables for both of these dependent variables are the
SaM set of background covariates defined for the
fertility equation in Table 1. The estimation procedur e
used is logistic regression analysis.



DESCRIPl'IVE RESULTS

In this section, the di8tributions of the variable8 to be
used in the final 8et of analyse8 in the next 8ecticm ar e
given and the quality of the data evaluated, with
particular attenticm paid to the dependent variables.

THE PROPENSITY TO BREASTFEED AND THE PROPENSITY TO
CONTRACEPl'

Recall that the dependent variable for the analysis of
the propensity to breastfeed and the propen8ity to
contracept i8 in each ca8e an indicator variable, the
first is defined to be one if the woman breastfeeds in
either the open or the closed birth interval and to be
zero otherwi8e, while the other i8 defined to be one if
the woman contracepted in either the open or the closed
birth interval and to be zero otherwi8e. This variable
definition was chosen to avoid any biase8 that might
arise from using information from the open interval only
thereby eliminating currently pregnant women. 'l'be results
below show that behavior in the closed interval is a good
predictor of behavior in the open interval.

Table 2 gives cross-tabulations of breastfeeding and
contraceptive use for the last closed and the open birth
intervals for Colombia and Costa Rica. The top panel
shows that in each of the last closed and the open birth
intervals, 91 percent of Colombian women breastfed. In
Costa Rica, 77 percent reported breastfeeding in the last
closed birth interval and 81 percent in the open interval.
Women who breastfed in one interval are likely to do so
in the next: in Colombia, 95 percent of women who
reported breastfeeding in the closed interval also
reported breastfeeding in the open interval, in Costa

31
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TABLE 2 Cross-Tabulation of Breastfeeding and of
Contraceptive Ose for the Last Closed and the Open
Interval

JUASTFEEDIlIG

Coloabia eoau R.ica

open Interval Open Interval

yea no yea no
Cloaed
Interval yea 1220 64 91% yea 898 52 77%

no 56 67 9% no 114 174 23%-
91% 9% 1407 81% 19% 1243

COllTR.ACEPTIOR

Coloabia Coata Rica

Open Interval Open Interval

yea no yea no
Cloaed
Interval yea 391 65 31% yea 518 51 43%

no 461 556 69% no 535 232 57%

58% 42% 1473 79% 21% 1336

Rica, the figure was 94 percent. The lower panel shows
that, although the. prevalence of contraception is con
siderably greater in Costa Rica, contraceptive use is
nearly twice as likely in the open as in the closed birth
interval in both countries. Even so, behavior in the
closed interval is quite a good predictor of behavior in
the open interval I in Colombia, 86 percent of women who
used in the closed also used in the openJ in Costa Rica,
91 percent did so.

SURVIVOR FUNCTIONS FOR BIRTH INTERVALS, DURATION OF
BREASTFEEDING, AND DURATION OF CONTRACEPTIVE OSE

The survivor function was formally defined earlier I for
birth intervals, at any time t after the last birth, it
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iB the proportion of women who have not yet had a next
conception. Figure 3 giveB the Burvivor function for
birth intervalB for Colombia in the upper panel, and for
COBta Rica in the lower panel. The dotted lineB Bhow 95
percent confidence bands. Notice that the survivor func
tions are quite aaooth, which BuggeBtB that there are no
Btrong preferenceB for reporting particular birth dateB
in either country. If the two graphB were BuperiJlposed,
the Burvivor function for Costa Rica would lie above that
for Colombia, and the 95 percent confidence bands for the
two countries would not overlap after intervalB about two
yearB long, BuggeBting somewhat longer birth intervalB in
COBta Rica than in Colombia. Figure 4 gives the Burvivor
functionB for breastfeeding for the two countrieB. Both
Bhow relatively Bharp dropB at 12, 18, and 24 monthB,
probably reflecting a combination of digit preference and
actual behavior reBulting from Bocial norms dictating how
long a child ought to be breaBtfed. The Burvivor function
for Colombia lieB above that for COBta Rica, except for
very long durationB. The eBtillateB at theBe long dura
tionB are Bomewhat BUBpect Bince they rely on a very
Bmall number of caBeB, particularly in COBta Rica. Figure
5 giveB the Burvivor functionB for contraceptive UBe for
the two countrieB. TheBe, like the Burvivor functions
for birthB, are quite Bmooth, although some jumpB at
mUltipleB of 12 monthB are evident. The Burvivor function
for COBta Rica iB far above that for Colombia, revealing
conBiderably longer periodB of UBe in the former country.

MEANS AND VARIANCES OF THE INDEPENDENT VARIABLES
USED IN THE ANALYSIS

Table 3 giveB deBcriptive BtatiBticB for Bome of the
independent variableB used in the analyBiB. Colombian
and COBta Rican women are about equally likely to have
worked Bince they were married or to have worked outBide
the home. In both countries the women have slightly leBB
education than their hUBbandB, but educational achievement
iB conBiderably higher in Costa Rica than in Colombia.
However, the Colombian women are more likely than the
COBta Rican women to be living in an urban area. AB
already noted, the level of fertility is about the same
in both countrieB, poBBibly Blightly higher in Colombia
than in COBta Rica. Infant mortality iB alBo Bomewhat
higher in Colombia than in Costa Rica. The incidence of
contraceptive UBe, particularly for coituB-dependent
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TABLE 3 Means and Variances of Soae Independent
Variables Used in the Analye is

Co1oJRbia Co.ta Rica

atandard .tandard
_an deviation _an deviation

work .ince
_rriage .34 .48 .36 .48

work away
fro. ho.e .18 .39 .24 .43

w018lln'.
education 3.2 2.7 4.6 3.6

hu.band'.
education 3.5 3.1 4.8 4.1

urban
re.idence .58 .49 .43 .49

parity 5.7 3.0 5.6 3.1

birth. .urviving
to age one .94 .24 .95 .22

coitu. independent
contraception in
a birth interval .21 .41 .24 .43

coitua dependent
contraception in
a birth interval .20 .40 .32 .47

birth. .urviving
to age one ..,ng
children who are
breutfed .97 .18 .98 .15

methods, is higher in Costa Rica. Finally, the last
figure in the table provides information on infant
mortality among children who are breastfed. A comparison
with the same figure for all births shows lower infant
mortality among this group, however, this difference
cannot be attributed to breastfeeding since breastfeeding
might never be started if a child ie in poor health or
dying.



FINAL RESULTS

This section first examines models for the propensity to
breastfeed and for the propensity to contracept. Second,
among wc.en who breastfeed and among women who contracept,
inforaation about other experiences in the birth interval
is incorporated, and models of teraination rates for
bre..tfeeding and for contraception, respectively, are
examined. Finally, factors affecting conception rates
are examined using inforllation about the timing of
breastfeeding, contraception, and child aortality. The
ach... for the analysis is given by the diagram below.

propenaity to

~b<e.~::~.:~:::::::---
Background~ in the birth ,fertility
characteriatica~ interval ~

~propena~ / /
contracept-------+ how long?

child aortality

I II III

The details of the variables included in each equation
were given in Table 1.

38
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LOGISTIC REGRESSION MODELS FOR THE P~PENSITY

TO BREASTFEED AND FOR THE PROPENSITY TO CONTRACEPT

These two equations use background characteristics to
predict the probability of breastfeeding and the
probability of using contraception in either the last
closed or the open birth interval. Colombia and Costa
Rica have quite different distributions of the two
dependent variables. Nearly all women breastfeed in
Colombia, in Costa Rica, although breastfeeding is very
common, it is not universal. In contrast, many more
women contracept in Costa Rica than in Colombia. Table 4
gives the results of the analysis. Since breastfeeding
is nearly universal in Colombia (only 6 percent of women
did not brea,tfeed in either of the two birth intervals
sampled), the best prediction is that all women will
breastfeed. Under these circumstances, the model is not
very inforllUltive. Even though there is more variability
in the dependent variable in Costa Rica, the model does
not perform much better. Thus, the measured character
istics indicating social and econoaic status do not
distinguish well between a woman who will breastfeed and
one who will not.

The analysis of the propensity to use contraception is
somewhat more successful. Although contraceptive usage
is much higher in Costa Rica, the impact of the social
and economic variables is much larger in Colombia. In
Colombia, the probability of use increases with the
education of both the woman and her husband, and is
higher for urban than for rural residents. In Costa
Rica, only the woman's education and urban residence have
an impact, and the effects are auch sllUlller. This
confirms that contraceptive use is both more extensive
and less restricted to particular social and economic
groups in Costa Rica than in Colombia. It is interesting
that, although breastfeeding is less widespread in Costa
Rica than in Colombia, it is not any more restricted to
particular social and economic groups in one country than
in the other. The analysis by per iod in the appendix
shows that these results are not significantly altered as
births from progressively earlier time periods are
eliminated, suggesting that these results are not solely
attributable to changing practices.
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RegreBBion for Probability of
for Probability of UBing Contraception
Open Birth Interval

____________C_O_1_ata_b_i_a j C_o_._ta_R_i_ca _

Brea.tteeding Contraception Brea.tteeding Contraception

con.tent

work aince
_rrialea

-'.edueetion

hu.beDd'.
education

urbm
reaideneea

Model r
d.t.

predictive
accuracy

I not uaina

•

3.626
(.2344)

.0227
( .30ll)

-.2051
(.3420)

-.0545
(.0481)

-.0627
( .0402)

-.5516*
(.2676)

27.35
5

.684

6.0

1643

-.9816
(.1051)

.1362
(.1552)

-.2262
(.1964)

.2032*
(.0308)

.1222*
( .0279)

.7413*
( .1214)

303.5
5

.164

39.7

1643

1.637
(.1248)

.4303
(.2543)

-.4640
(.2848)

.0241
(.0275)

-.0439
( .0236)

-.0375
(.1626)

8.70
5

.335

17 .5

1449

.8288
(.1221 )

-.0605
(.2050)

.1716
(.2519)

.0900
(.0300)

.Oll8
(.0262)

.4441*
(.1674)

47.24
5

.318

19.2

1449

.ote.: Indicator variable; l-ye••
Standerd error. are in perenthe.e••
* indicete••ianiticance at the .05 level.

HAZARD MODELS FOR TERMINATION OF BREASTPBEDING AND
CONTRACEPTIVE DISCONTINUATION

Figure 6 BhowB the eBtimated hazard ~unctions for
termination of breaBtfeeding (top panel) and
contraceptive diBcontinuation (bottom panel). These
hazardB have been eBtimated without covariateB and
contain the Bame information aB the Burvivor functionB
discusBed earlier. The horizontal lineB Bhow the result
of aBBuming conBtant exponential discontinuation rateBJ
the jagged lineB Bhow the estimated hazardB when they are
allowed to vary over the eight Bubperiods defined earlierJ
the solid lineB repreBent eBtimateB for Colombia and the
daBhed lineB thoBe for Costa Rica. FirBt examine the
eBtimated hazard functionB for termination of breast-
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feeding in the top panel. The horizontal lines show that
termination rate. are higher in Costa Rica than in
Colombia. Colombia shows a pattern of moderate discon
tinuation rates for durations of breastfeeding under 18
months, followed by a marked peak in discontinuation
rates between 18 and 23 month., suggesting that the
socially prescribed weaning time may fall within this
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interval. The pattern for Costa Rica shows much higher
discontinuation rates at short durations, with one group
of women discontinuing before 3 months have elapsed and a
second group discontinuing after 6 to 11 months. Turning
to the estimated hazard functions for contraceptive dis
continuation in the lower panel, the horizonal lines show
that on average, discontinuation rates are only somewhat
higher in Colombia than in Costa Rica. However, the time
pattern of discontinuation is quite different. Colombia
shows much higher discontinuation rates at shorter dura
tions, and the two curves tend to converge after durations
of use longer than two years. The curves for Costa Rica
show two peaks of discontinuation, one at short durations,
the other at durations of 18 to 23 months. As discussed
below, these differences are primarily accounted for by
differences in the pattern of discontinuation of coitus
dependent methods in the two countries, while the pattern
of discontinuation of coitus-independent methods is more
similar.

Tables 5 and 6 give the estimated coefficients, their
standard errors, and the antilogs for the equation with
covariates predicting termination of breastfeeding.
These results are displayed graphically in Figure 7. The
strategy used in this and the other analyses of duration
is first to examine the impact of the background var iables
alone (Modell), then to add the covariates describing
other demographic characteristics (Model 2), and finally
to add the covariates that describe other events or
behaviors that occur in the interval (Model 3). The
log-likelihood for each model is given at the bottom of
the tables so that likelihood-ratio statistics can be
computed to determine the statistical significance of the
added covariates. First consider the effects of the
background covariates alone. In Colombia, as in Costa
Rica, the woman' s education, her husband' s education, and
urban residence are all statistically significant, and
the estimated coefficients are nearly of the same
magnitude. In both countries, these three variables are
all associated with shorter durations of breastfeeding.
Model 2 adds parity, which is also statistically sig
nificant and of nearly the same order of magnitude. In
both countries, higher parity is associated with longer
durations of breastfeeding. Some of this may be a cohort
effect since average parity at the start of the last
closed interval increases by approximately one for each
five-year cohort of women between ages 20 and 45.
Because the number of observations is small, the model
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TABLB 5 COefficient Bstiaates for Tenaination of
Breastfeedingl Colombia

Mod.l 1 Mod.l 2 Mod.l 3

co.ff. .ntilo. co.fl. .ntilOl coeff. .ntilOl

vork .inc. -.0557 .9458 -.0562 .9454 -.0616 .9403
_rri•••• (.0629) (.0629) ( .0628)

work _.y .0021 1.002 .0012 1.001 .0084 1.008
froa tw.e. ( .0765) (.0764) (.0765)

voaan'••duc.tion .0766* 1.080 .0722* 1.075 .0720* 1.075
(.0110) (.0112) (.0111)

hu.b.nd'. .0111 1.011 .0074 1.007 .0093 1.009
.duc.tion ( .0095) (.0096) ( .0096)

urb.n r•• id.nc.a .2343* 1.264 .2339* 1.264 .2327* 1.262
(.0516) (.0517) (.0516)

p.rity -.0234* .9769 -.0245 .9758*
( .0082) ( .0082)

child .urvival· -.4022* .6688
(.0922)

P.riod 1 (0-2 -clnth.)

con.t.nt -2.854* .0576 -2.693* .0676 -2.316* .0987
(.0585) (.0808) (.1176)

Period 2 (3-5 -clnth.)

con.t.nt -2.787* .0616 -2.624* .0725 -2.245* .1060
(.0617) (.0835) -(.1199)

Period 3 (6-11 -clnth.)

can. taut -2.579* .0758 -2.414* .0895 -2.032* .1316
(.0524) ( .0776) (.1162)

Period 4 (12-17 -clnth.)

con.taut -2.661* .0699 -2.491* .0828 -2.102* .1222
( .0739) (.0945) (.1294)

P.riod 5 08-23 -clnth.)

con.tent -2.429* .0881 -2.261* .1042 -1.866* .1547
(.0910) (.1080) (.1406)

P.riod 6 (24+ -clnth.)

can. tent -3.130* .0437 -2.964* .0516 -2.561* .0772
(.1452) (.1562) (.1815)

loglikelihoocl -6594. -6590. -6582.

N • 2264

Note.:
~ic.tor v.ri.b1e: l-y•••
St.nd.rd .rror••re in p.r.nth••••.
* indic.t•••ignific.nc••t the .05 1eval.
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TABLE 6 COefficient Estimates for Ter.ination of
Breastfeeding: COsta Rica

Kadel 1 Kadel 2 Kadel 3

coeff. antilog coeff. antilol coeff. antilog

work. aince -.0826 .9208 -.0627 .9392 -.0640 .9379
..rriagea ( .0742) (,0744) (,0744)

work away .0942 1.099 .08102 1.084 .0847 1.088
fro. hoIIea (.0881 ) (,0881) (.0881 )

vo-an'. .0439* 1.045 .0371* 1.038 .0368* 1.038
education (.0095) (,0098) (.0098)

huaband'a .0131 1.013 .0099 1.010 .Oll8 1.012
education (.0088) (.0088) ( .0088)

urban reaidencea .1426* 1.153 .1342* 1.144 .1412* 1.152
(,0556) (,0557) (.0558)

parity -.0289* .9715 -.0301* .9703
(.0089) (.0089)

child aurvivala -.5909* .5538
(.1296)

Period 1 (0-2 _ntha)

conatent -2.371* .0934 -2.160* .ll53 -1. 597* .2025
(.0561) ( .0846) (.1484)

Period 2 <3-5 _ntha)

conatant -2.5ll* .0812 -2.297* .1005 -1.727* .1778
( .0640) ( .0908) (.1535)

Period 3 (6-ll _ntha)

conatant -2.285* .1018 -2.071* .1'260 -1.496* .2241
(.0552) ( .0848) ( .1513)

Period 4 (12-17 _ntha)

conatant -2.418* .0891 -2.205* .ll02 -1.627* .1966
( .0876) (.1086) (.1664)

Period 5 (18-23 IIOntha)

conatant -2.465* .0850 -2.238* .1066 -1.657* .1908
(.1226) (.1403) (.1893)

Period 6 (24+ _ntha)

conatant -2.791* .0613 -2.562* .0772 -1.973* .1391
(.1719) (.1853) (.2258)

log like lihood -5524. -5519. -5510.

N • 1908

Notea:

a Indicator variable: 1-yea.
Standard errora are in parentheaea.
* indicatea aignificance at the .05 level.
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could not be reeBtimated for each cohort of women, and
the BtatiBtical package uBed doeB not permit age to be
treated properly aB a time-varying covariate. The iBBue
therefore remainB unreBolved.

Model 3 addB a dummy variable indicating whether the
child survived paBt age two. The coefficientB of this
variable are of the Bame sign and are Btatistically
significant in both countrieB, but the eBtiaate for CoBta
Rica iB nearly 50 percent greater than that for Colombia.
The correBponding hazardB are Bhown in Figure 7. The top
panel in the figure graphs the reBults for Colombia, and
the bottom thoBe for Costa Rica. The scale haB been
adjuBted for the mean parity and mean education of the
waaan and her hUBband. The Bolid line giveB the hazard
for women whoBe child BurviveB past age two--that iB,
well paBt the uBual weaning time--and who do not live in
an urban area. When we compare the two countrieB, there
iB a tendency among women who have not yet Btopped breaBt
feeding to Btop between 18 and 23 monthB in Colombia and
between 6 and 11 months in COBta Rica. The daBhed line
Bhows the estimated hazard for women who live in urban
areaB and whoBe children survive. The dotted line BhowB
the hazard for women whose children do not Burvive.
Clearly, breaBtfeeding durationB are much Bhorter for
these children in COBta Rica, where durationB of breast
feeding are already relatively Bhort. It waB not possible
to obtain more detailed information on the interactions
of child mortality and breastfeeding from theBe data, for
reasonB already cited, however, in both countries, child
mortality iB lower among children who are breaatfed than
among all children, even in COBta Rica, where mortality
in general iB quite low.

TableB 7 and 8 give the eBtimated coefficientB for the
equation predicting contraceptive diBcontinuation. TheBe
results are diBplayed graphically in Figure 8. Model 1
includes the effects of the background covariateB alone.
Husband'B education iB Btatistically Bignificant in both
countries, while urban reBidence is Bignificant only in
Colombia. ThiB is no longer the caBe when other covari
ates are added (Models 2 and 3). In the larger modelB,
husband's education iB no longer Bignificant, urban
residence becomeB Bignificant in Colombia, reaches
borderline significance in COBta Rica, and iB associated
with longer durationB of use. This last effect iB larger
in Colombia than in Costa Rica, poBBibly due to the
greater concentration of family planning efforts in urban
areas in Colombia. Model 2 adds parity, desire for an
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additional child, and contraceptive method. All three
variables are statistically significant in both countries.
Higher parities are associated with longer duration of
use in both countries, and the coefficients are about the
same size. Women who desire an additional child and
those who use a coitus-dependent method tend to use for
shorter durations, these effects are somewhat larger in
Costa Rica than in Colombia. When breastfeeding and child
survival were added, neither variable was statistically
significant in either country.

Model 4 contains terms for the interaction of desire
for an additional child and method of contraception with
subperiod to see how the shape of the hazard is modified
by each of these covariates. These results are presented
graphically in Figure 8. As before, the results for
Colombia are given by the top panel and those for Costa
Rica by the bottom panel. The scale for Costa Rica has
been expanded to show the detail, the level of discon
tinuation is therefore considerably higher in Colombia.
The shape of the discontinuation curves is quite differ
ent for the two countries. The solid line gives the
estimated hazard function for women who use coitus
independent contraception and who do not desire additional
children. In Colombia, high discontinuation rates for
these women are concentrated in the first 3 to 5 months
of use. In Costa Rica, the curve is not only lower, but
much flatter, although somewhat higher discontinuation
rates can be found in the first year of use. The line of
dashes and dots shows the estimated hazard for women who
use a coitus-dependent method and who do not want an
additional child. In Colombia, discontinuation rates are
relatively higher for durations of use under 18 months,
then drop to join those for the coitus-independent
methods. In Costa Rica, the discontinuation rates are
relatively high at rather short durations of use, moderate
at intermediate durations, and quite high for durations
longer than 18 months. The two dashed lines give the
estimated hazards for each of the two classes of methods
for women who desire an additional child. In Colombia,
the principal effect of this variable is to shift the
curve upward by about the same amount at all durations.
In Costa Rica, for each set of methods, it is only after
durations of use of one year or more that the discontinua
tion curve for women who desire an additional child
consistently diverges from that of women who do not.
This suggests that in Costa Rica, for durations of use of
one year, women who want an additional child are as likely



TABLE 7 Estimates for COntraceptive Discontinuation: COlombia

Model 1 Model 2 Model 3 Model 4

coeff. antilog coeff. antilog coeff. antilog coeff. antilog

work since .0597 1.061 .0132 1.013 .0243 1.025 .0210 1.021
marriage a (.1140) ( .1145) (.1147) (.1147)

work away -.0234 .9769 -.0380 .9627 -.0508 .9505 -.0464 .9547 ..
from homea (.1337) (.1344) (.1347) (.1347) CD

woman's -.0081 .9919 -.0340 .9665 -.0363 .9644 -.0367 .9640
education ( .0204) (.0211 ) ( .0212) ( .0212)

husband's .0071 1.007 -.0039 .9961 -.0039 .9962 -.0023 .9977
education ( .0166) (.0169) (.0l70) (.0l70)

urban -.3065* .7360 -.2953* .7443 -.2964* .7435 -.2865* .7509
residence a (.1029) (.103!) (.103!) (.1030)

parity -.1026* .9025 -.1020* .9030 -.1031* .9021
(.0199) (.0199) (.0199)

desire additional .4304* 1.538 .4395* 1.552
childrena ( .0199) (.0123)

coitus-dependent .3975* 1.488 .3929* 1.481
contraceptiona ( .0852) (.0853)



breastfeedinga -.2323 .7927 -.2277 .7963
(.1453) (.1454)

child survival -.0180 .9822 -.0220 .9782
past age twoa (.1773) (.1774)

Period 1 (0-2 months)

constant -3.845* .0214 -3.537* .0291 -3.305* .0367 -3.273* .0379
(.1496) ( .2049) (.2841) (.3384)

desire additional -.0995 .9053
childrena (.2830)

coitus-dependent .6445* 1.905
contraception (.2761)

Period 2 (3-5 months) ..
ID

, constant -3.766* .0232 -3.452* .0317 -3.219 .0400 -3.054* .0472
(.1512) (.2063) (.2855) (.3277)

desire additional .2750 1.317
childrena (.2678)

coitus-dependent .1957 1.216
contraceptiona (.2587)



TABLE 7 (continued)

Model 1 Model 2 Model 3 Model 4

coeff. antilog coeff. antilog coeff. antilog coeff. antilog

Period 3 (6-11 months)

constant -3.888* .0205 -3.566* .0283 -3.334* .0356 -3.346* .0352
(.1306) (.1928) (.2758) (.3081)

desire additional .3411 1.407
childrena (.2138) VI

0

coitus dependent .4707* 1.601
contraceptiona (.2098)

Period 4 (12-17 months)

constant -4.109* .0164 -3.769* .0231 -3.537* .0291 -3.799* .0224
(.1503) (.2073) (.2859) (.3747)

desire additional .3026 1.353
childrena (.2618)

coitus-dependent .9025* 2.466
contraceptiona (.2677)

Period 5 (18-23 months)

constant -4.406* .0122 -4.058* .0173 -3.827* .0218 -3.817* .0220
(.1770) ( .2277) (.3009) (.3622)



-3027. -2982. -2981.

deaire additional
childrena

coitus-dependent
contraceptiona

Period 6 (24+ montha)

constant

desire additional
childrena

coitua-dependent
contraceptiona

log likelihood

N • 1186

Notea:

-4.325*
(.1104)

.0132 -3.913*
(.1819)

.0200 -3.677*
(.2694)

.0253

.6460* 1.908
(.3148)

.1820 1.200
(.3128)

-3.692* .0249
(.2756)

.6532* 1.922
(.1340)

.2572 1.293
(.1275)--

-2973.
VI
I-'

a Indicator variable: 1· yea.
Standard errora in parentheaea.
* indicatea aigniflcance at the .05 level.



TABLE 8 Estimates for contraceptive Discontinuation: COsta Rica

. Modell Model 2 Model 3 Model 4

coeff. antilog coeff. antilog coeff. antilog coeff. antilog

work since -.0168 .9833 .0821 1.086 .0728 1.076 .0701 1.073
marriage a (.1457) (.1460) (.1465) (.1464)

work away .0790 1.082 .0669 1.069 .0841 1.088 .0805 1.084 VI

from homea (.159l) (.1580) (.1590) (.1589 ) '"
woman's .0065 1.007 -.0382* .9625 -.0385 .9622 -.0390* .9618
education (.0148) (.0153) (.0153) ( .0153)

husband's .0284* 1.029 .0184 1.019 .0183 1.019 .0206 1.021
education ( .0128) (.0130) (.0l3I) (.0l30)

urban -.0899 .9140 -.1750 .8395 -.1731 .8411 -.1720 .8420
residence a (.0940) (.0940) (.094l) (.0938)

parity -.1244* .8830 -.1252* .8823 -.1267* .8810
(.02l5) (.02l5) (.0216)

desire additional .6169* 1.853 .6233* 1.865
childrena (.0861) (.086I)

coitus-dependent .7006 2.015 .7046* 2.023
contraceptiona (.0898) (.0900)



brealtfeedinga .1503 1.162 .1615 1.175
(.1084) (.1086)

child lurviva1 -.1648 .8481 -.2032 .8161
palt age twoa (.2110 (.2116)

Period 1 (0-2 .onthl)

conltant -4.391* .0124 -3.604* .0272 -4.274* .0139 -3.989* .0185
(.1504) (.2089) (.2872) (.3856)

delire additional -.0440 .9569
childrena (.2687)

coitul-dependent .8623* 2.369
contraception (.3092)

Period 2 (3-5 .onthl)
VI

conltant -4.300 .0136 -3.504* .0300 -4.174* .0154 -3.959* .0191 w
(.1495) (.2088) (.2876) (.3792)

desire additional .3407 1.406
childrena (.2695)

coitul dependent .6796* 1.973
contraceptiona (.2902)



TABLE 8 (continued)

Model 1 Model 2 Model 3 Model 4

coeff. antilog coeff. antilog coeff. antilog coeff. antilog

Period 3 (6-11 monthl)

conltant -4.505* .0110 -3.699* .0247 -4.369* .0127 -3.968* .0189
(.1295) (.1954) (.2776) (.3305)

del ire additional .1748 1.191 VI
childrena (.2203) ..
coitus dependent .5389* 1.714
contraceptiona (.2322)

Period 4 (12-17 monthlL

constant -4.762* .0085 -3.951* .0192 -4.620* .0098 -4.359* .0128
(.1499) (.2101) ( .2882) (.3704)

delire additional .4941 1.639
childrena (.2732)

coitus dependent .4734 1.605
contraceptiona (.2783)

Period 5 (18-23 monthl)

conltant -4.393* .0124 -3.574* .0280 -4.242* .0144 -4.380* .0125
(.1367) (.2013) (.2813) (.3712)

-_.- -



-3330.

desire additional
childrena

coitus dependent
contraceptiona

Period 6 (24+ months)

constant

desire additional
childrena

coitus dependent
contraceptiona

log like lihood

N • 1302

Notes:

-4.717*
(.0929)

.0089 -3.818* .0220
(.1729)

-3238.

-4.483* .0113
(.2610)

-3237.

.5256* 1.691
(.2420)

1.013* 2.753
(.2726)

-4.690* .0092
(.2759 )

.9903* 2.692
(.1250)

.7252* 2.065
(.1288 )--

-3225. VI
VI

o
g"
N"
(l)
0.

IT
'<

C)
o
~
~

a Indicator variable: 1· ye••
Standard errors in parentheses.
* indicates signiflcance at the .05 level.
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to discontinue as other wo.en and aay use contraception
for spacing purposes. 'l'bis is not the case in C010llbia,
where those who want an additional child are IIOre likely
than other wc-.n to discontinue at all durations. 'l'bua
the pattern of contraceptive use is quite different in
the two countries.

HAZARD MODELS FOR OONCBPTIDN

Figure 9 displays the estiaated hazard functions for
conceptions for Cololllbia and COSta Rica. These hazards
have been estiaated without COV'ariates and contain the
s.. inforaation .. the survivor functions discussed
ear lier • The hor bontal line shows the results of
assuaing a conatant hazard CRer the entire birth interval,
the curved lines show the estiaated hazarda when they are
allowed to vary CRer the eight subperioda defined earlier,
the solid lines repr:esent estiaates for C010llbia, and the
dashed lines those for COSta Rica. The horbontal lines
suggest that the interval froa birth to next conception
is slightly shorter in ColOllbia than in COSta Rica. The
curved lin.. reveal that, although the conception rate is
slightly higher for very short interval lengths in COSta
Rica, it is sc-.what lower at longer interval lengths,
and the two curves converge after 36 ....ths. In general,
however, the estiaated curves for the two countries are
quite aiailar.

Tables 9 and 10 give the estiaated coefficients for
the equation predicting conception rat... 'l'bese results
are displayed grapbically in Figure 10. All before, the
analysis proceeds with the progressive addition of
variables. Recall that delOCJrapbic variables such as
parity and behavioral variables such as contraceptive
aethad, duration of use, and duration of breastfeeding
are expected to have the greatest impact on conception
rates. 'l'be background variables, which describe social
and economic 'status, are expected to have little iapact
apart frOlR their influence on the intermediate variables.
Model 1 shows the effect of the background var iables
alone. In both countries, only urban residence is statis
tically significant, and the two estiaated coefficients,
along with their standard errors, have nearly the s_
value in both countries. Our previous results would
suggest that this effect is operating primarily through
contraception or breastfeeding practices. However,
subsequent lIOdela show that it persists even after these
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other variables are added. Model 2 adds contraceptive
method and parity. Use of either coitus-dependent or
coitus-independent contraception lengthens the time to
next conception. The impact of coitus-independent
contraception is nearly twice that of coitus-dependent
contraception in both countries, but the impact of either
set of aethods is greater in Costa Rica than in Colombia.
This result holds when other variables are added to the
model, suggesting that contraceptive efficacy may be
greater in Costa Rica (see Goldman et al., 1982). Higher
parities are associated with longer intervals in both
countries, and the estimated coefficients are close in
value.

Model 3 removes the background covariates and adds the
full set of time-varying intermediate variables. Model 4
returns the background variables to the model. Likelihood
ratio tests show that, although the effect of the back
ground variables is small, it is statistically signifi
cant. A comparison of Models 3 and 4 reveals that few
coefficients change when the background variables are
added. As already noted, among the background var iables ,
only urban residence is statistically significant. Figure
10 displays the impact of the time-varying covariates
from Model 4. The results for Colombia are in the upper
panel and those for Costa Rica in the lower panel. The
solid line gives the estimated hazard for women who do
not breastfeed and do not contracept, this corresponds to
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the ·natural fertility· line in Diagram 2 with gestation
subtracted from all intervals. Although the shapes of
the hazards for the two countries accord moderately well,
that for Costa Rica suggests an unexpected rise in the
interval 3 to 5 months. As expected from previous bio
metric research reviewed earlier, the impact of breast
feeding is more marked at durations of less than one
year, after which the two curves converge, while the
largest impact is for durations of under 3 months. The
dotted line, which shows the case where the child does
not survive, is most useful for comparison. For example,
if a child were breastfed for 6 months and then died, the
risk of conception for its mother would be the dashed line
for the first 6 months and the dotted line thereafter.
The estimated effects of this variable are rather larger
than expected, particularly at very short durations. SOme
of this effect may be due to the tendency of short birth
intervals and high infant mortality to be mutually rein
forcing in a manner that is not completely captured by
either breastfeeding or contraceptive behavior. The two
lowest lines in each panel show the conception rates for
women who contracept. The variable indicating contracep
tive method shifts the hazard to a very low level in both
countries, the time-varying covariates act principally to
rearrange the shape of the hazard slightly so that the
effect of contraception is not a simple proportional
shift of the solid line. This is particularly noticeable
in the last sUbperiod (24+ months), where the hazard for
contracepting women levels off from its downward course.

The similarity of these results for the fertility
equation in the two countries is striking, particularly
in light of the behavioral differences shown by the models
of breastfeeding and contraception discussed earlier:
not only are the signs on many of the coefficients the
same but many of the coefficients are close in magnitUde.
Although different propensities and durations of breast
feeding and contraception are used to obtain close to the
same level of fertility, the impact of a particular
behavior is nearly the same. This reinforces the idea
expressed earlier that this portion of the model accesses
fundamental biometric aspects of fertility, whereas the
other portions of the model are more behavioral in nature.



TABLE 9 Coefficient Estimates for the Pertility Equation: ColOllbia

Model 1 Model 2 Model 3 Model 4

coeff. antilog coeff. antilog coeff. antilog coeff. antilog

work aince -.0095 .9906 -.0210 .9792 -.0394 .9614
.arriagea (.0700 (.0702) (.0703)

work away -.0036 .9964 .0088 1.009 .0273 1.028
from homea (.0860) (.0860) (.0861)

woman' a -.Olll .9890 .0031 1.003 .0006 1.001
education ( .0128) (.0132) (.0133)

huaband'a
C7I

-.0092 .9909 -.0089 .9911 -.0121 .9879 0

education (.0113) (.0117) ( .0118)

urban -.2375* .7886 - .1503* .8605 -.1519* .8591
reaidence a (.0583) (.0587) ( .0593)

coitua-independent -1.138* .3204 -1.189* .3045 -1.141* .3196
contraceptiona (.0790) (.1328) (.1337)

coitua-dependent -.5672* .5671 -.6337* .5306 -.5819* .5589
contraceptiona (.0694) (.1271) ( .1285)

parity -.1041* .9011 -.1008* .9041 -.1068* .8987
( .0098) ( .0095) (.0098)

Period 1 (0-2 .anthaL

conatant -4.601* .0100 -3.860* .0211 -2.156* .1158 -2.010* .1340
(.1236) (.1365) (.2976) (.3005)



breastfeedingb -.9047* .4047 -.9354* .3924
(.3248) (.3255)

contraceptionc .1747 1.191 .1820 1.200
(.3603) (.3602)

child surviva1b -1.180* .3074 -1.151* .3163
(.3659) (.3668)

Period 2 (3-5 months)

constant -3.807* .0222 -3.056* .0471 -2.474* .0842 -2.337* .0966
(.0895) (.1067) (.2861) (.2891)

breastfeedingb -.1379 .8712 -1. 723 .8417
(.2126) (.2129)

contraceptionc .1670 1.182 .1679 1.183 01(.2387) (.2387) ....
child survivalb -.6545* .5197 -.6168 .5396

(.3252) (.3256)



TABLE 9 (continued)
Model 1 Model 2 Hodel 3 Model 4

coeff. antilog coeff. antilog coeff. antilog coeff. antilog

Period 3 (6-11 months)

constant -3.607* .0271 -2.830* .0590 -2.493* .0826 -2.352* .0952
( .0666) (.0890) (.2062) (.2107)

breastfeedingb -.2135 .8077 -.2539* .7758
(.1238) (.1245)

contraceptionc -.0041 .9959 -.0092 .9908
(.1801) ( .1801)

child survivalb
C7\

-.3311 .7182 -.2951 .7445 N

(.2138) (.2145)

Period 4 (12-17 months)

constant -3.483 .0307 -2.675 .0689 -2.706 .0668 -2.566* .0768
(.0690) (.0914) (.2179) (.2219)

breastfeedingb .0614 1.063 .0147 1.015
(.1229) (.1239)

contraceptionc -.0004 .9996 -.0073 .9928
(.1802) (.1803)

child survivalb -.1149 .8915 -.0783 .9247
(.2217) (.2222)

Period 5 (18-23 months)

constant -3.566 .0283 -2.722* .0657 -2.810* .0602 -2.676* .0688
(.0775) (.0987) (.2736) (.2764)



breastfeedingb .0285 1.029 -.0012 .9988
(.1606) (.1611)

contraceptionc -.7241* .4847 -.7254* .4842
(.2203) (.2204)

child aurviva1b .1299 1.139 .1581 1.171
(.2790) (.2794)

Period 6 (24+ montha~

conatant -4.437 .0118 -3.583* .0278 -4.000* .0183 -3.875* .0208
(.0592) (.0855) (.1623) (.1666 )

breastfeedingb -.2638 .7681 -.2707* .7628
(.1323) (.1328)

contraceptionc .1562 1.169 .1654 1.180
(.1476) (.1478) G\

w

child aurvivalb .2990 1.348 .3467* 1.414
(.1607) (.1614)

loglikelihood -8248. -8061. -8026. -8019.
--

N - 2925

Notea: a Indicator variable: I-yea.
b Time-varying indicator variable:
c Time-varying indicator variable:
Standard errora are in parentheaea.
* indicatea aignificance at the .05

1-yea in period p and all previoua perioda. p-1 •••••6.
I-yea in period p. p-1 ••••• 6.

level.



TABLE 10 Coefficient Batiaatea for the Perti1ity Equation: Coata Rica

Model 1 Model 2 Model 3 Model 4

coeff. ant HOI coeff. ant HOI coeff. ant HOI coeff. ant HOI

work since .0194 1.020 .0527 1.054 .0625 1.064
marriage a (.0849) (.0851) ( .0853)

work away -.0855 .9181 -.0764 .9265 -.0786 .9244
from home a (.0980) (.0976) (.0979)

woman's .0041 1.004 .0020 1.002 .0021 1.002
education (.0108) ( .0112) (.0112)

01

husband's -.0042 .9958 -.0122 .9879 -.0113 .9888
..

education (.0095) (.0096) ( .0096)

urban -.2213* .8015 -.2344* .7910 -.2455* .7823
residence a (.0623) (.0632) ( .0636)

coitus-independent -1.348* .2596 -1.468* .2304 -1.456* .2331
contraceptiona (.0807) (.1302) (.1304)

coitus-dependent -.7193* .4871 -.9014* .4060 -.8307 .4358
contraceptiona (.0628) (.1209) (.1217)

parity -.0934* .91OB -.0810* .9222 -.0941* .9102
(.0103) (.0097) (.0103)

Period 1 (0-2 months~

constant -4.356* .0128 -3.386* .0338 -2.830* .0590 -2.687* .0681
(.1149) (.133I> (.5071) (.5090)



breastfeedingb -.9281* .3953 -.9459* .3883
( .2294) (.2295)

contraceptionc -.4360 .6466 -.4353 .6471
(.3386) (.3387)

child survivalb .0329 1.033 .0884 1.092
(.5238) (.5239)

Period 2 (3-5 months)

constant -3.894* .0204 -2.899* .0551 -2.318* .0985 -2.174* .1137
(.0965) (.1181) (.3241) (.3273)

breast feed ingb -.6132* .5416 -.6481* .5230
( .1841) (.1844)

c6ntraceptionc -.2412 .7857 -.2435 .7839
(.2418) (.2418)

G\

child surviva1b -.3448 .7084 -.2780 .7573
U'I

(.3402) (.3407)



TABLE 10 (continued)
.'Iodel 1 Moclel 2 Moclel 3 Moclel 4

coeff. antilo, coeff. antHo, coeff. antHo, coeff. antHo,

Period 3 (6-11 months

constant -3.799* .0224 -2.769* .0627 -2.461* .0854 -2.305* .0998
( .0742) (.1014) (.2524) (.2567)

breaetfeedingb -.1083 .8974 -.1613 .8511
(.1314) (.1319)

0\

contraceptionc -.1041 .9011 -.1158 .8907 0\

(.1781) (.1782)

child aurvivalb. .3955 .6733 -.3325 .7171
(.2570) (.2574)

Period 4 (12-17 montha)

conatant -3.740* .0238 -2.668* .0694 -2.529* .0797 -2.372* .0933
( .0772) (.1043) (.2765) (.2802)

breaetfeedingb .2470 1.280 .1844 1.202
( .1447) (.1455)

contraceptionc -.3492 .7052 -.3637 .6951
(.1863) (.1$64)

child aurvivalb -.2689 .7642 -.2091 .8113
(.2788) (.2792)



Period 5 (18-23 monthsL

constant -3.908* .0201 -2.804* .0606 -2.829* .0591 -2.685* .0682
(.0880) (.1132) (.3414) (.3442)

breaatfeedingb .1920 1.212 .1314 1.140
(.2307) (.2311)

contraceptionc -.0238 .9765 -.0385 .9622
(.1954) (.1955)

child survivalb -.1467 .8636 -.0766 .9262
(.3448) (.3451)

Period 6 (24+ monthsL

constant -4.571* .0104 -3.458* .0315 -3.931* .0196 -3.779* .0228
(.0587) (.0928) (.2008) (.2061) 0\

~

breaatfeedingb .0301 1.031 -.0413 .9596
(.1710) (.1717)

contraceptionc .4922* 1.636 .4825* 1.620
(.1394) ( .1395)

child survivalb .0668 1.069 .1452 1.156
(.1917) ( .1921)

log likelihood -7607. -7397. -7371. -7358.--
N - 2472

Notes: a Indicator variable: I-yes.
b Time-varying indicator variable: I-yes in period p and all previous periods. p-1 •••••6.
c Time-varying indicator variable: I-yes in period p. p-1 ••••• 6.
Standard errors are in parentheses.
* indicates significance at the .05 level.
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StHlARy OF RESULTS

Although the level of fertility is quite stailar in
Colombia and Costa Rica, contraceptive prevalence is
greater and duration of use longer in Costa Rica, while
breastfeeding is .ere~ and durations longer in
Colombia. Moreover, .crtality 18 lower in Costa Rica
than in Colombia. In addition, the social and economic
climates of the two countries differ in sa.e respects.
Co~ombia is somewhat .ere urbanized, but educational
attainment for both men and wa.en is higher in COsta
Rica, while female labor force participation appears to
be about the same in both countr ies. The analysis
described in this paper has three stages. first, social
and economic characteristics of the woman and her husband
are used to predict the propensity to breastfeed and the
propensity to contraceptJ second, dynamic lDOdels of the
duration of breastfeeding and the duration of contracep
tive use, incorporating information about other experi
ences in the birth interval, are estimatedJ finally,
conception rates are modeled using information about the
timing of breastfeeding, contraception, and child
mortality.

Although breastfeeding is nearly universal in Colombia,
and common but not universal in Costa Rica, in neither
country do the social and economic variables describing
education, place of residence, or experience in the labor
force serve as good predictors of whether or not a woman
will breastfeed. Such background characteristics are
more successful in predicing the propensity to use
contraception. Although contraceptive prevalence is
considerably higher in Costa Rica than in Colombia, the
iapact of social and economic variables is much greater
in the latter countrYJ this is consistent with the idea
that the success of the Costa Rican family planning
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effort has not been confined to particular 80Cial or
econaaic strata. Nevertheless, in both countries,
better-educated and urban vc.en are more likely to use
contraception.

The ~els of duration of breastfeeding and duration
of contraceptive uae reveal ~rtant regularities as
well as behavioral differences between COloabia and COsta
Rica. As noted earlier, durations of breutfeeding are
longer and durations of contraceptive use shorter in
Coloabia than in COsta Rica. Nevertheless, in both
countries, higher education of the voaan or of ber husband
and urban residence are u80Ciated with aborter durations
of breastfeeding. Child survival is associated with
longer durations of breutfeeding, but the 1IIpact of a
child death is .uch greater in Costa Rica, where durations
of breastfeeding are relatively short. Aa for contra
ceptive use, not only are durations longer in COsta Rica,
but alao the pattern of uae is quite different, suggesting
differences in the decision-aaking process. There are
aa.e s1ailarities, in both countries, for exaaple,
better-educated and urban VOlDen contracept longer. These
longer durations of uae by urban vc.en are particularly
.arked in COloabia, which aay be due to a greater
concentration of family planning efforts in urban areas.
The differences beee:.e more apparent wben .ethod and
desire for an additional child are considered. In both
countries, wa.en who use coitus-dependent .ethods and
those who desire an additional child have higher discon
tinuation rates than other wa.en. Among women using
coitus-independent _thods, in Coloabia, discontinuation
rates are higher and concentrated in the first 3 to 5
months of use, in Costa Rica, these rates are .uch lower,
and peak discontinuation is spread over the first year of
use. S1ailarly, in Coloabia, vc.en using coitus-dependent
methods show relatively high rates of discontinuation in
the first year and a half of use, whereas in Costa Rica,
discontinuation rates for these methods are higher for
short and for very long durations of use. In Costa Rica,
discontinuation rates for women who desire an additional
child do not diverge significantly from those of women
who do not until after 18 months of use, in Coloabia,
discontinuation rates are shifted upward for women
desiring an additional child for all durations of use
greater than 3 months. This suggests that in Costa Rica,
wa.en who desire additional children aay use contracep
tion for spacing purposes, whereas in Coloabia, spacing
between births i8 obtained through near-universal
breastfeeding, although perhaps not intentionally.
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In spite of the.e .triking difference. in breastfeeding
and contraceptive behavior, the iJlpact of each of the.e
two variable. on conception rate. is reaarkably siailar
in the two countrie., and generally agree. with expecta
tiOl\8 based on previous bia.etric re.earch. U.e of
contraception drastically shift. the conception rate
downward. The iapact of brea.tfeeding on conception
rate. is aost aarked at abort duration. and diainiahe. as
expected. In addition, background characteri.tic., with
the exception of urban re.idence, have little iJlpact on
fertility except through contraceptive u.e. However,
although child .artality ahould influence fertility by
altering brea.tfeeding and contraceptive behavior, we
find that it continue. to have a considerable iJlpact on
conception rate., particularly at .hort interval length••
This .ugge.t. that infant .artality and abort birth
interval. are mutually reinforcing in way. not captured
by the variable. included in the aodel. Thus, the aodel
developed here i. capable of revealing behavioral dif
ference. in breastfeeding and contraception, as well a.
describing bia.etric regularities in their i~ct on
fertility. It show. the detail. of how two quite
different countries have attained clo.e to the .... level
of fertility through quite different behavioral
mechanisms.





APPENDIX
RESULTS FOR PERIOD StmGllOOPS

The lIOdels described in the final results were r ..ti
mated for subgrou~ of the entire saaple selected fac the
analysis. Beca..e intervals farther away frca the survey
date are less and less representative, the period "as
restricted to the mre and IIOre recent put. intervals
begun since 1960, since 1965, and since 1970. All
equations were reestillated for these periods.

WGISTIC REGRESSION MODELS FOR THE PBOPENSITY TO
BREASTFEBD AND FOR TaB PROPENSITY TO USE
CONTRACEPTIC*. ESTIMATES BY PERIOD

Tables Al and A2 give the results for the propensity to
breastfeed and the propensity to contracept, respectively,
with lIOdels estimated for birth intervals from progres
sively restricted calendar periods. These results should
be compared to Table 4 in the _in text. Information on
breastfeeding and contraception is restricted to the last
closed and the open birth intervals. These intervals are
spread ewer the per iOO from 1960 to 1976. Since it is
likely that bresstfeeding "as declining and contraception
increasing in both countries ewer this period, there is
sc:.e concern that results using all intervals _y not be
representative. Indeed, the next-to-last row of Table Al
shows that, as the per iod of analysis is restr icted to
the progressively more recent put, a larger fraction of
women are breastfeeding in neither the last closed nor
the open interval in both Colombia and Costa Rica, but
the changes are relatively s_l1. The results for
contraception are much less clear. This is in part due
to the fact that only information from the last closed
and open birth interval is used. Contraception is
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TABLE A.l Logistic Regression for probability of
Breastfeeding by Period

dDCI
1960

COLOIIJIIA

dDCI
1965

dacl
1970

dDCI
1960

COSTA IlICA

dDCI
1965

dace
1970

COD' tent

work dDil
_rdl.1

work _.,
fr_ t- I

-'.IduCltioD

bu.blDd'.
IducltiOD

Modl1 .;.
df

predictive
Iccurlcy

% Dot
brelltfeediD.

•

3.667* 3.826* 3.845*
(.2457) (.2672) (.3053)

-.0280 -.0964 -.3809
(.3116) (.3378) (.3802)

-.0174 -.3059 .1066
(.3530) (.3762) (.4529)

-.0409 -.0324 -.0377
(.0499) (.0522) (.0627)

-.0707 -.0979* -.1166*
(.0413) (.0431) (.0527)

-.6302* -.7153* -.8630*
(.2772) (.2949) (.3329)

27.17 36.27 32.87
555

.683 .683 .671

6.0 6.2 6.7

1538 1334 877

1.680* 1.560* 1.769*
(.1313) (.1392) (.1913)

.4022 .4753 .1859
(.2684) (.2848) (.3720)

-.4039 -.3984 .0642
(.3009) (.3257) (.4464)

.0169 .01. .0391
(.02.) (.0308) (.0429)

-.0424 -.0334 -.1153*
(.0248) (.0268) (.0369)

-.0765 -.1750 -.1746
(.1713) (.1845) (.2614)

8.42 7.55 16.72
5 5 5

.337 .315 .303

17.4·' 18.5 19.8

1319 1099 565

.!!!!!.!. I Indicltor verilb1e: 1.,....
Stendln erron Ire iD pareDtb.....
* indicate••tati.tica1 .ianificaDcI at tbe .05 level.

concentrated in the open interval, and the use of
contraception aarkedly lengthens these intervals. Thua
the longer intervals that started in the earlier period
tend to be associated vith contraceptive use, conversely,
short intervals viII have begun .ore recently and viII
not be associated with contraceptive use. Therefore,
there is no clear trend in the propensity to uae
contraception in the intervals ex_ined.

In spite of the slight decline in breastfeeding and
the absence of trends in contraception, the coefficient
estimates in Tables Al and A2 show remarkably little
change as the period of analysis is restricted. In the
case of breastfeeding, two changes are apparent, and
these apply only to the .ost restricted case (since
1970) I in Colombia, the coefficient on urban residence
becomes significant, in both Colombia and Costa Rica, the
coefficient on husband's education beca.es significant.
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TABLB A.2 Logistic Regression for Probability of using
Contraception by Period

dace
1960

COLOMBIA

aiace
1965

dace
1970

dace
1960

COSTA UCA

dace
1965

dace
1970

coaatent

vork daie
..rria.e

vork ..ay
fr_ t-a

-'a
educatioa

huabaDd'a
educatioa

urbaa
reaideace

Model r
df

predictive
accuracy

I aot
coat racept iq

-.9791* -.1794* -.9237*
(.1097) (.1155) (.1341)

.1372 .0409 .0519
(.1632) (.1722) (.2014)

-.2555 -.2253 -.1515
(.2067) (.2219) (.2691)

.2195* .2037* .1505*
(.0329) (.0341) (.0411)

.1223* .1142* .1221*
(.0295) (.0312) (.0371)

.1114* .1513* .7507*
(.1262) (.1329) (.1576)

299.67 236.19 120.05
555

.110 .165 .103

31.4 31.1 46.0

1531 1334 177

.1211* .1132* .1340*
(.1311) (.1460) (.2011)

.0556 .0235 -.1062
(.2234) (.2366) (.3201)

.0534 .5566 .6924
(.2741) (.3213) (.4652)

.0115* .0113* .0115*
(.0324) (.0362) (.0503)

.0112 .0131 -.0040
(.0213) (.0312) (.0440)

.5700* .4931* .1402*
(.1145) (.2101) (.3260)

49.45 43.11 30.72
555

.341 .352 .339

11.3 17.1 11.9

1319 1099 565

~ a ladicator variable: l-yea.
Staadard errora are La pareatheaea.
* ladicatea atatiatical aiaaificaace at the .05 level.

Tbus in the IIOre recent period, there are larger 80Cial
and econaaic differentials in breastfeeding behavior than
are indicated by the full suaple results. In the cue of
contraception, the coefficient on WODen's education drops
froa being statistically significant at the .05 level to
being of borderline significance, but the change in the
size of the standard error is saall and may be
attributable to the reduced sample size.

HAZARD MODELS FOR TEBMIANTION OF BREASTFEEDING AND
CONTRACEPTIVE DISCONTINUATION. ESTIMATION BY PERIOD

Tables A3 through A6 gave the estimated coefficients for
the hazard models for duration of breastfeeding and
duration of contraceptive use. These results should be
compared to the final column in Tables 5 and 6 in the
main text. Again, the results are remarkably robust to
the elimination of intervals from the increasingly distant
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'l'ABLB A.3 Coefficient ••tt.ate. for 'l'eraination of
Bre..tfeeding by Period. Colc.bia

ebee 1HO d_ 1"5 d_ 1970

eoeff. ntU.. eoeff. ntU.. eoeff. ntU..

vork d~. -.0594 .9423 -.0595 .9423 .051' 1.053
_rri... (.0652) (.0714) (.0951)

vork _ey -.0030 ."70 .015' 1.016 -.1571 .1546
fr_ t-. (.0792) (.0115) (.1266)

_'e .067,. 1.070 .0603* 1.062 .0490* 1.050
ecluc.tion ( .0116) (.0127) ( .0164)

hult... •• .0132 1.013 .0114 1.01' .0462* 1.047
ecluc.ti. (.009') (.0101) ( .0144)

urlt... neicleoc.· .2572* 1.2'3 .2926* 1.340 .3ott* 1.363
(.0527) (.0560) (.0727)

parit)' -.0265* .'738 -.02'3* .'711 -.0481* .9524
( .0014) (.0090) ( .0127)

ehUd euniYtl -.4407* .6436 -.4577* .6327 -.4457* .6404
peat .. two (.0946) ( .1041) ( .1314)

Period 1 (0-2 _the)

eOllatnt -2.271* .1025 -2.234* .1071 -2.267* .1036
(.1207) (.1317) (.1670)

Period 2 0-5 _the)

eoaatnt -2.194* .1114 -2.117* .1122 -2.214* .1092
( .1223) (.1349) (.1701)

Period 3 (6-11 _the)

eODatnt -1.993* .1363 -1.911* .1379 -2.001* .1352
(.1191) ( .1301) (.1653)

Period 4 (12-17 _the)

eODatnt -2.053* .1214 -2.025* .1320 -1.190* .1511
(.1332) (.1451) (.1131)

Period 5 (11-23 _the)

eoaetent -1.131* .1603 -1.130* .1604 -1.643* .1934
( .1449) (.15'5) (.2034)

Period 6 (24+_tha)

eODetent -2:513* .0110 -2.514* .0109 -1. 967* .1391
(.1153) (.2034) (.3162)

lOllikelihood -6225. ·5259. -3000.

B 2154 1154 1145

IIotee: • Iadie.tor v.ri.lt1e: l-,.e•.
St.ad.rd arrOr••ra ia p.r.athe•••.
* iadie.te. et.ti.tic.1 .iaaific.ace at tbe .05 level.
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TABLB A.4 coefficient Batiaatea for Teraination of
Breaatfeeding by Periodl eoata Rica

dace 1960 abu:e 1965 dace 1970

coeff. atil. coeff. _til. coeff. _til.

vorlt aUie -.0630 .9389 -.0328 .9677 -.0217 .9785
..rri..e (.0769) ( .(841) ( .1279)

vorlt away .0833 1.087 .0846 1.011 .1540 1.166
frOll ,-a ( .0916) (.1033) (.1625)

_'a .0395* 1.040 .0360* 1.037 .0222 1.023
educatioa (.1019) ( .0112) ( .0176)

huabaad'a .0125 1.013 .0160 1.016 .0273 1.028
educatiOD ( .0093) (.0103) ( .0160)

urba .1390* 1.149 .1091 1.115 .0546 1.056
reaideacea ( .0583) ( .0657) (.1081)

parity -.0286* .9718 -.0275* .9729 -.0580* .9437
( .0091) ( .0100) ( .0150)

child aurviv:1 -.5683* .5665 -.5468* .5788 -.7595* .4679
put .e two (.1328) (.1455) ( .2201)

Period 1 (0-2 _atha)

coaataat -1.636* .1947 -1.632* .1955 -1. 263* .2828
(.1528) (.1682) (.2514)

Period 2 (3-5 _athe)

coaataat -1. 764* .1713 -1.813* .1632 -1.394* .2482
(.1580) ( .1747) (.2615)

Period 3 (6-11 _tha)

coaataat -1.528* .2169 -1.566* .2089 -1.206* .2994
(.1555) (.1708) (.2579)

Period 4 (12-17 _atha)

coaataat -1.672* .1878 -1.727* .1778 -1.076* .3410
(.1717) (.1889) (.2769)

Period 5 (18-23 _tha)

coaataat -1.686* .1853 -1.679* .1866 -1.028* .3579
(.1944) ( .2117) (.3210)

Period 6 (24+ _athe)

coaataat -2.024* .1322 -2.080* .1250 -1.361* .2564
(.2342) (.2712) (.5724)

10K likelihoocl -5116. -4082. -1871.

K 1777 1434 697

~ a ladicator for variable: 1-yea.
Staadard errora are ia pareatheaea.
* iadicatea atatiatica1 aigaificaace at the .05 level.
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~tl altbougb th. IIbape of th. buard 18 neceaaarlly
.odified as th. longer intervala are .liainated, th.
eigna, aagnitude, and etat18tical eignificaDCe of th.
coeffici.nts r-.in r-.rkably etabl.. 'l'abl.e A3 and At
give th. resulta for duration of br...tfeeding. Aaaog
tboa. variabl.e which are etatietically eignificant for
the full e.-pIe, only urban residence ~ees into ineig
nificance, and that only in Coeta Rica in th. aoet recent
period. Tablee AS and A6 give th. r.eults foe duration
of contraceptive ue.. In Colc.bia, th. coeffici.nt on
urban r.eidence ie not eignificant in th. aoet recent
p.riod, wher... it ie eignificant wh.n th. full e.-pl. ie
analyzed. In Coata Rica, it ie no longer eignificant
once th. long.et intervala (thoa. which began before
1960) bav. been .liainated. '!'b. coeffici.nta on th.
variable indicating d.eir. for additional childr.n, which
are allowed to vary with eubperiod of th. int.rval of
ue., beee.e ~at unetabl... th. period ie r.etricted.
Tb. coeffici.nta on th. variable indicating that th•
••thod ueed ie coit~.pendent incr.... in abaolute
value .. th. period ie r.etricted, partly beeaue. the
long.r intervala in th. earlier periods aay be th. r.eult
of long and effective uee of th.e. _tbods, .. alr.ady
noted in the aain text.

HAZARD MODELS POR LIVE-BIR'l'B COHCBPTIOIiS I BS'l'IMATBS BY
PERIOD

'l'abl.e A7 and A8 give th. eetiaated coeffici.nts for th.
aod.l of conception rates. 'l'b.e. r.eulta ebould b.
ca.pared to th. final coluan in Tabl.e 9 and 10 in th.
aain text. Ae with th. r.eults alr.ady d18cue8ed in thie
appendix, th.r. are few notable chang.e .. th. e.-pl. ie
progr.eeiv.ly r.etricteeS. Tbe ebape of th. bazard
neceeearily chang.e .. long.r intervala are .liainated,
bowev.r, th. eigne, aagnitude, and etatietical eignifi
canc. of the coefficients g.n.rally r-.in etable. In
Colc.bia, urban reeidence ie no longer eignificant when
tb. longeet intervala are re.oved and only thoa. begun
eince 1960 are .x_ineeS, in Costa Rica, thie ie the c..e
wb.n those begun before 1965 are eliainated. Thie
eugg.ete that the longeet intervale from the .arlieet
p.riod are aeeociated with birthe to urban woaen. The
impact of uee of contrac.ption diminishes as the per iod
is restricted, however, ae noted earlier, this may be an
artifact of longer intervale from earlier periods being
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the result of efficient uae. Tbis is -ere aarked for
coitUB-dependent than for coitUB- independent _thods.
Similarly, and probably for the SaM reasons, the iapact
of breastfeeding diminisbes as intervals are restricted
to the -ere recent put. In contrast, the coefficients
on the time-varying aspect of contraception increase as
the period of analysis is restricted, perhaps because of
respondents' better recall of the -ere recent past. '!'he
coefficients indicating cbild survival show no oonaistent
pattern of cbange in either country, despite considerable
-ertality decline over the period.
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TABLE A.5 Coefficient B.tiaate. for COntraceptive
Diecontinuation by Periodl COleeia

due 1960 due 1965 due 1970

c_ff. _tiloa c_ff. _til. c_ff. ..til.

vorlt d~e .0120 1.012 .0205 1.021 .,..0669 .9353
_rri..e ( .1165) (.1268) (.1668)

_rk _.., -.0266 .9737 .0294 1.030 .2224 1.249
fr_~a (.1382) (.1516) (.2040)

_'e -.0364 .9643 -.0241 .9762 .0348 1.035
education ( .0218) ( .0230) ( .0284)

huebaad'e -.0014 .9986 -.0080 .9920 -.0356 .9650
educatioa (.0173) (.0186) ( .0250)

urbaa -.2384* .7879 -.2567* .7736 -.1779 .8370
reddeuea (.1033) (.1070) ( .1325)

parity -.1055* .8998 -.1147* .8917 -.0920* .9121
( .0200) (.0209) ( .0286)

breaatfeedinla -.1840 .8320 -.2306 .7941 .0144 1.015
(.1472) (.1569) (.1965)

child eurvi"f':l -.0010 .9990 -.0066 .9935 -.3750 .6873
paet .. ~ (.1774) (.1893) ( .2491)

Period 1 (0-2 _the)

coaetant -3.363* .0346 -3.142* .0432 -3.252* .0387
(.3422) (.3567) (.4815)

deeire aiditiona1 -.0599 .9419 -.1922 .8251 -.1593 .8527
children (.2850) (.2985) ( .3594)

coitue-dep!ndlnt .6331* 1.883 .5791* 1.784 .6605 1.936
contracept10n (.2697) (.2744) ( .3491)

Period 2 (3-5 _the)

conetant -3.130* .0437 -2.952* .0523 -2.744* .0643
(.3308) (.3483) ( .4521)

de.ire additional .2701 1.310 .1858 1.204 .1412 1.152
childrena (.2679) (.2789) (.3263)

coitue-dep!ndlnt .2377 1.268 .2173 1. 243 .0023 1.002
contracept1on (.2588) (.2680) (.3200)
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TABLE A.5 (continued)

dnc. 1960

coeff. enti10a

dnc. 1965

coeff. entilo,

doc. 1970

coeff. enti10,

con. tent

d•• ire .tditiooa1
childr.n

coitua-d.pendlnt
contrac.ption

-3.430* .0324
( .3118)

.3564 1.428
(.2146)

.5010* 1.650
( .2107)

-3.320* .0361
(.3325)

.3498 1.419
(.2228)

.5561* 1.744
(.2193)

-3.048* .0475
(.4391)

.0347 1.035
(.2813)

.3763 1.457
(.2717)

P.riod 4 (12-17 .aDth.)

con.tent

d•• ire ~ditiona1
childr.n

coitu.-d.pendlnt
contrac.ption

-3.840* .0215
(.3498)

.2148 1.240
(.2689)

.9053* 2.473
(.2700)

-3.641* .0260
( .3680)

.1175 1.125
(.2804)

.9490* 2.583
( .2783)

-3.143* .0431
( .4685)

-.3177 .7278
(.3233)

1.004* 2.730
( .3173)

Period 5 (18-23 .oDth.)

con. tent

d•• ire atditiona1
childr.n

coitu.-d.pendlnt
contrac.ption

P.riod 6 (24+ .oDtha)

con.tent

d•• ire additional
childr.na

coitu.-d.pend.nt
contrac.ptiona

10' liulihood

•

-3.863* .0210
( .3643)

.5825 1. 790
(.3194)

.1910 1. 210
( .3170)

-3.774* .0230
(.2796)

.6464* 1. 909
(.1371 )

.3513* 1.421
(.1306)

-2865.

1151

-3.781* .0228
(.3949)

.5247 1.690
( .3514)

.2069 1.230
(.3501)

-3.490* .0305
(.2976)

.5167* 1.676
( .1521)

.3410* 1.406
(.1443)

-2456.

1006

-3.524* .0295
(.5331)

.3666 1.443
( .4416)

.3044 1.356
( .4384)

-2.626* .0724
( .4146)

.0148 1.015
(.2242)

.4315 1.539
(.2194)

-1298.

571

Rot•• : a Indicator .ariab1.: 1-y•••
Standard errore are in rr.nth•••••
* indicate••tati.tica .iaoificanc. at the .05 1e••1.
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'l'ABLE A.6 Coefficient Z.tiaate. for COntraceptive
Discontinuation by Periods Coeta Rica

dace 1960 dace 1965 dace 1970

coeff. lUltil.,. coeU. ntiloa coeU. lUltil.,.

won dace .0437 1.045 .0955 1.100 .2058 1.228
_nial.a (,1519) (,1647) (,2315)

won ...., .0947 1.099 .0862 1.090 .0393 1.040
fr_ ,-a (,1655) (,1809) (,2582)

_'e -.0394* .9614 -.0444* .9655 -.0747* .9280
edacadoa ( .0159) (,0173) (.0242)

h...baDd'e .0136 1.014 .0043 1.004 .0346 1.035
educatioa (,0136) ( .0144) ( .0200)

urbaa -.1l00 .8958 .0403 1.041 .0978 1.103
reddeacea (,0961) ( .1043) (,1492)

parity -.1374* .8716 -.1259* .8817 -.1316* .8767
(,0221) ( .0227) (,0324)

breaeUeediDla .1735 1.189 .0113 1.015 .0641 1.066
( .1l26) ( .1lU) (,1546)

child eunhal -.1937 .8239 -.0128 .9205 -.9334* .3932
paet .. two (,2203) (,2299) ( .2931)

Period 1 (0-2 _the)

COIl8tlUlt -3.921* .0198 -3.928* .0197 -2.965* .0516
(,3920) (,4015) (.5077)

deeire ~iti0ll81 -.0575 .9441 -.0440 .9570 .1515 1.164
childreD (,2688) (.2817) (.3312)

coitue-depeDdIDt .9584* 2.607 .9867* 2.682 1.093* 2.984
cODtraceptiOD (,3092) ( .3146) (.3692)

Period 2 (3-5 _the)

CODatlUlt -3.918* .0199 -3.166* .0209 -2.516* •.0753
( .3179) (,3985) ( .4112)

dedre ~ditioDaI .3693 1.447 .1107 LIM .0772 1.010
childreD (,2730) (,2199) (.3266)

coitue-depeDdlDt .7666* 2.153 .8206* 2.272 .9023* 2.465
coatraceptiOD (,2914) (.3056) ( .3140)
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TABLB A.6 (continued)

dDc. 1960

coett. eDti101

.lac. 1965

coeff. eDtiloc

dace 1970

coett. eDtilOC

COD8teDt

d••ire ~itioDel
childr.D

coitu.-d.peDdIDt
cODtr.c.ptiOD

-3.861* .0210
( .3383)

.0922 1.097
(.2298)

.5213* 1.684
(.2378)

-3.8'" .0203
(.3503)

.1114 1.118
( .2399)

.6369* 1.891
(.2456)

-2.827* .0592
( .4541)

-.1202 .1167
(.3074)

.9004* 2.461
( .3145)

Period 4 (12-17 .oath.)

COD8teDt

d••ire ~itioaal
childreD

coitu.-d.peDdIDt
cODtr.ceptioD

Period 5 (18-23 .oath.

COD.taDt

d••ire edditioDal
childraa

coitu.-d.peDd.Dt
cODtraceptiOD

P.riod 6 (24+ 8ODth.)

-4.263* .0141
(.3766)

.4370 1.541
(.2749)

.5619* 1 .766
(.2798)

-4.216* .0148
(.3764)

.3652 1.441
(.2479)

1.042* 2.835
( .2761)

-4.271* .0139
(.3923)

.4017 1.494
(.2946)

.6375* 1.892
(.2944)

-4.111* .0153
(.3854)

.3431 1.409
(.2541)

1. 206* 3.340
(.2789)

-2.747* .0641
( .4750)

-.1095 .8963
(.3590

.6114 1.977
(.3574)

-2.877* .0563
( .5128)

-.0965 .9010
(.3471)

1.456* 4.290
(.3753)

COD.taDt

d•• ire edditioaa1
childreD

coitu.-depaadIDt
cODtrac.ptiOD

101 likelihood

•

-4.636* .0097
(.2869)

1.009* 2.744
(.1337)

.7505* 2.118
(.1331)

-2970.

1225

-4.582* .0102
(.3010)

.9991* 2.716
(.1528)

.8154* 2.260
(.1473)

-2474.

1035

-2.573* .0763
( .4119)

.5420* 1.719
( .2498)

.8104* 2.249
( .2212)

-1198.

536

Rot•• : a IDdicator .ariabl.: 1-y•••
Steadard error. are iD rreDth•••••
* iadicate••tati.tica .ilDiticaDc. at the .05 l..el.
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TABLE A.7 coefficient B.ti..te. on the "rtility
Bquation by Periods OOlOllbia

dace 1960 due 1965 dace 1970

c_ff. _tUos c_ff. atUol coeff. atil.

vork dl!ie -.0237 .9766 -.0426 .9512 -.0633 .9317
_rri... (.0721) ( .0773) (.0949)

vork ..., -.0420 .9519 -.0346 .9660 .0851 1.090
fr_ ,-a (.0184) (.0965) (.1243)

-'. .0025 1.002 -.0002 .9991 .0010 1.001
"acatioa ( .0131) ( .0144) (.0179)

h........ •• -.0057 .9943 -.0131 .9863 -.0051 .9949
"acatioa ( .0120) (.0125) ( .0163)

urltal -.0935 .9107 -.0970 .9076 .0776 .9253
re.ideacea (.0591) (.0627) (.0765)

coitu.-iDdepa"'Dt -1.201* .3001 -1.054* .3485 -.1760* .4164
cODtraceptioa (.1345) (.1361) (.1691)

coitu.-'epaDdIDt -.5984* .5497 -.4311* .6441 -.3071 .7351
cODtraceptioa ( .1295) (.1334) (.1671)

parity -.1245* .8829 -.1274* .8804 -.0866* .9171
(.0099) (.0104) ( .0132)

Period 1 (0-2 _th.)

COD.t_t -1.151* .1559 -1.687* .1151 -1.903* .1491
(.3011) ( .3260) (.3124)

"rea.tf_diq" -.9460* .3883 -1.094* .3350 -.9414* .3901
( .3233) (.3317) (.3977)

cODtraceptiODC .1407 1.151 -.0104 .9227 -.4319 .6441
(.3609) (.3716) ( .4950)

child ",",bal" -1.201* .3009 -1.114* .3213 -1.190* .3042
( .3639) (.3887) (.4631)

Period 2 (3-5 _th.)

COD.t_t -2.204* .1104 -2.259* .1045 -2.247* .1057
(.2199) (.3466) (.3959)

"rea. t faadiq" -.1370 .1720 -.1631 .1419 -.4077 .6652
(.2194) (.2252) (.2577)

cODtraceptiODC .1273 1.136 -.0679 .9344 -.1771 .1377
( .2427) (.2510) (.~1)

child ",",bd" -.7057* .4931 -.4699 .6251 -.4972 .6082
(.3276) ( .3773) (.4311)
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TABLB A.7 (continued)

dace 1960 aieee 1965 dnce 1970

coeff. end101 coeff. entil. coeff. entilOi

Period 3 (6-ll _tha)

conatent -2.243* .1062 -2.143* .ll74 -2.524* .0101
(.2149) (.2403) (.3217)

br...tf.edinlb -.2935* .7457 -.4103* .6635 -.5242* .5920
(.1253) (.1322) ( .1588)

contraceptionc -.0665 .9356 -.2765 .7584 -.4491 .6382
( .18ll) ( .1894) (.2362)

child eurvbalb -.2627 .7690 -.1755 .8390 .1491 1.161
(.2178) (.2407) (.3193)

P.riod 4 (12-27 _tha)

conatant -2.467 .8049 -2.134 .ll84 -2.015 .1334
(.2315) (.2351) (.2543)

br.aatfeedinlb -.0172 .9829 -.0530 .9484 -.1280 .8799
(.1259) ( .1316) (.1547)

contraceptionc -.1048 .9005 -.2726 .7614 -.2781 .7573
(.1825) (.1879) (.2268)

child aurvinlb -.0246 .9757 -.1832 .8326 -.3295 .7193
(.2318) (.2327) (.2486)

Period 5 (18-23 -.ntha)

conatant -2.469* .0847 -2.081* .1248 -2.229* .1076
(.2769) (.2897) (.3685)

bre..tf.edinlb -.0291 .9713 -.0102 .9899 -.Oll8 .9882
( .1651) (.1742) (.2036)

contraceptionc -.8796* .4150 -1.096* .3341 -.9894* .3718
(.2255) (.2364) (.2854)

child eurvinlb .1183 1.126 -.9066 .9010 -.0250 .9753
(.2795) (.2920) (.3723)

Period 6 (24+ -.ntha)

conatent -3.451* .0317 -2.981* .0507 -2.328* .0975
(.1729) (.2036) (.2715)

br...tf••dinab -.1949 .8229 -2.162 .8055 -.0941 .9102
(.1358) ( .1489) (.1874)

contraceptionc -.0212 .9790 -.3014 .7398 -.1881 .8285
( .1494) ( .1551) (.1985)

child eurvinlb .2639 1.302 .2642 1.302 -.0307 .9698
(.1646) (.1906) (.2623)

101 likelihood -7502. -6319. -3805.

If 2780 2407 1534

~

a Indicator .ariable: l-y.a.
pre.ioua period. ,b Ti..-.arlina ioclicator .ariable: l-yee in period p ..d aU

. 1'"'1, ••• , •
in period rl, ... ,6.c Ti..-varyinl ioelicator variable: l-y.. p,

Standard error. are in parenthea•••
* indicate••tati.tical .ianificance at the .05 le.e1.
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'l'ABLB A.8 Coefficient B.tu-te. on the Pertility
llquation by Period I Coeta Rica

dace 1960 dDC. 196' dDC. 1970

coeff. _tilos eoeff. _til.. eoeff. aIltil..

_rk d~. .0327 1.033 .08711 1.092 -.0254 .9749
_rri... (.0180) (.0941) (.1360)

_rk _ay -.0843 .9191 .0351 1.036 .3290 1.390
fr_ ,-a (.1024) (,1136) (,1727)

-'. .0019 1.002 -.01116 .91115 -.0349 .9651
edue.tioo (,0115) (,0124» (.0179)

h.....aad·. -.0154 .91147 -.0113 .9181I -.0004 .99"
edue.doo ( .0100) (,0108) (.0160)

ur"an -.1332* .11153 -.OSll3* .9434 -.0349* .9657
r.dd.DC.· ( .0662) (.0722) ( .1060)

coitu.-iDd.peJd.at -1.434* .23113 -1.391* • 2489 -1.34'* • .2604
coatraceptioo ( .13111) (,131111) (,11153)

coitu.-.sepeadIDt -.7364* .4788 -.5702* .5654 -.4081* .6649
coatr.c.ptioo (,1226) ( .1312) (.1736)

parity -.1081* .11915 -.1131* .11930 -.1106* .11953
( .0105) (,0110) (,0157>

P.riod 1 (0-2 _th.)

coo.tallt -2.597* •074' -2.710* .0666 -2.973* • .0'11
(,5090 (. SlI66) (l.013)

b..... tf.edill,b -.9430* .31194 -1.001* .3676 -1.179* .3017
(,2306) (.2411) ( .3112)

cOlltr.c.ptiOllC -.5209 .'940 -.5917 .5534 -.6029 .5472
( .33119) (,3433) ( .4157)

child .u.."balb .1164 1.123 .36113 1.44' .113111 2.312
(,5246) ( .6010) (1.022)

P.riod 2 (3-' _tha)

coo.tallt -2.017* .1252 -2.201* .1099 -1.723* .17116
(,32110) ( .31197> (.4661 )

br••atf.adiaab -.6335* .'307 -.63111* .52113 -.69114* .4974
(.111112) ( .1990 ( .2496)

cOlltr.captiOllC -.2912 .7474 -.47311 .6226 -.5087 .6013
(.2430) (.2550) (.3020)

child au.."balb -.2909 .7476 -.0092 .9909 -.1906 .11265
( .3414) ( .4020) (.4809)
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I TABLE A.8 (continued)

I dac.1HO dac. 1"5 dac. 1970

I c_ff. atU.. c_ff. atUoa _ff. atU..

I P.riod 3 (6-11 _th.)

I con.t_t -2.301* .1002 -2.143* .1173 -1.923* .1462
(.2718) (.2930) ( .3979)

I "re••U ...iq" -.2100 .8106 -.2754 .7593 -.4862* .61S0

I
( .1362) (.1451) (.1930)

cODtraceptiODC -.2970 .7430 -.5073* .6021 -.6274* .5340

I
( .1841) ( .1951) ( .2491)

child ...rvi....1.. -.1935 .8240 -.1589 .8531 .0001 1.000

I
(.2729) ( .2927) ( .3992)

P.riod 4 (12-27 _th.)
I

I
coutat -2.258* .1045 -2.140* .1177 -2.007* .1343

(.2803) ( .3041) (.4637)

I "rea.tt••din," .1820 1.200 .2337 1.263 -.1213 .8858
( .1467) (.IS54) ( .2124),

I contrac.ptiooC -.4958* .6091 -.7185* .4875 -.8608* .4228

I
( .1882) (.2009) (.2510)

cbild 8Urvi....l .. -.1561 .8555 -.0957 .9087 .3096 1.363
(.2796) ( .3013) (.4614)

I P.riod 5 (18-23 _th.)

I
coutant -2.360* .0773 -2.394* .0913 -1.745* .1747

(.3442) (.3672) (.4689)

I "rea.U'"in," .1868 1.205 .2022 1.224 .1011 1.106
(.2323) (.2455) (.3007)

I cODtrac.ptiooC -.1723 .8418 -2.455 .7823 -.4817 .6177

I ( .2001) (.2144) (.2770)

I
cbild ...&'Yi....l .. -.0671 .9351 -.121S .8856 -.1927 .8248

( .3463) (.3683) (.4679)

I P.riod 6 (24+ _th.)

I
con.tat -3.659* .0258 -3.242* .0391 -1.166* .3117

( .2127) (.2271) ( .3300)

I
"rea.tfeediq" .0988 1.104 .0740 1.077 .5309 1.700

( .1765) (.1906) (.2878)

I
cODtrac.ptiooC .2967* 1.345, .1413 1.152 -.0033 .9967

(.1420) (.1510) (.2208)

, child 8Urvi....1.. .3360 1.399 .2826 1.327 -.9579* .3837
(.1993) ( .2123) ( .3058)

I
loa libliboocl -6744. -5416. -2478.

• 2309 1908 956

!!2!!!l.
a Indicator .ariable: 1'"78••.. Ti"-Yal'yin, iadicator .ariab1e: l-,e. in pariod p aad all previou. pariod.,

)1'"1, ..• ,6.
c Ti-.-varyiq indicator variab1.: l-,e. in pariod p, r1, ... ,6.
Standard .1'1'01'. are in par.nth•••••
* iodicat•••tati.tica1 .iaoiticance at the .05 level.
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