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NOT I CE: The proj ec t that is the subj ec t  of th is repor t 
w as appr oved by the Governing Board of the National 
Research Counc i l ,  whose member s are drawn from the 

c ounc i ls of the Na tional Academy of Sc iences , the 
Nat ional Academy of Eng ineer ing , and th£ I ns t i tute o f  
M edic ine . The member s of the committee r espons ible for 
the repor t wer e  chosen for the i r  special compe tences and 

w i th r egard for appr opr iate balance 
Th i s  r epor t has been r ev iewed by a group other tha n  

t he author s accor ding to procedur es appr oved by a Repor t 
Rev iew Comm i ttee cons ist ing of member s  of the Nat iona l 

Ac ademy of Sc iences , th e National Academy of Eng i neer ing , 
and the I ns t i tute of Medic ine . 

Th e Na tional Research Counc i l  was es tabl ished by the 

Nat ional Academy of Sc iences in 1916 to assoc iate th e 

b r oad commun i ty of science and technology w i th the 
Academy's pur poses of fur ther ing knowledge and of 
a dv is ing th e feder al governmen t .  The Counc i l  oper ates i n  
accor dance w i th g ener al polic ies determined by th e 
Academy under the author ity of i ts cong r ess ional char ter 
of 1863, wh ich es tabl ishes the Academy as a pr ivate , 
n onprof i t ,  self-gover ning member sh ip corpor ation . The 
Counc i l  has become the pr incipal operating agency of both 
the National Academy of Sc iences and the National Academy 
of Eng ineer ing in the conduc t of the ir serv ices to the 
g overnmen t ,  the publ ic , and the scientific and 
eng ineer ing communi t ies . It is administered jo intly by 

both Academies and the Inst i tute of Med icine . The 
Nat ional Academy of Eng ineer ing and the I ns t i tute of 
M edic ine wer e es tablished in 1964 and 1970, r espectively , 
under the char ter of the Nat ional Academy of Sc iences .  

Av a ilable fr om 

Nat ional Academy Pres s 
2101 Cons titution Avenue , N . W .  

wash ing ton , D . C .  20418 

Pr inted in the Un ited States of Amer ica 
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PRBPACB 

The Co.aittee on Population and Deaography vas established 
in April 1977 by the National Research Council in response 
to a request by the Agency for International Develos-ent 
(AID) of the u.s. Depart:llent of State. It vaa widely fel t 
by those concerned that the ti• vas ripe for a de tailed 
review of levels and trends of fertility and .ortality in 
the developing world. Although .oat people in the duo­
graphic ooa.unity agree that .ortality has declined in 
alaost all developing countries during the last 30 years, 
there is uncertainty about .ore recent changes in .or­
tality in some countries, abou t  current levels of 
fertility, about the existence and ex tent of recent 
changes in fertility, and about the factors determining 
reductions in fertility. 

I n  1963, a Panel on Population Probl ... of the 
Co.aittee on Science and Public Policy of the National 
Academy of Sciences published a report entitled,!!!! 
Growth of World Papulation. The appointllent of tha t 
p anel and the publication of ita report were expressions 
of the concern then felt by scientists, aa well as by 
other informed persona in ��any countries, about the 
iaplications of population trends. At that tt.e, the 
most consequential trend vaa the pronounced and long­
continued acceleration in the rate of increase of the 
p opulation of the world, and especially of the population 
of the poorer countries. It vaa estiaated in 1963 tha t 
the annual rate of increase of the global population had 
reached 2 percent, a rate that, if continued-, would cause 
the total to double every 35 years. The disproportionate 
contribution of lov-inco.e areas to that acceleration was 
caused by rapid declines in .ortality �ined with high 

ix 
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f ertility that reaained at.oat unchanged& the birth rate 
was nearly fixed or declined .ore .adeatly than the death 
rate. 

Since the earlier report, however, the peak rate of 
growth in the world's popula tion has apparently been 
p assed. A dramatic decline in the birth rate in al.ost 
all the .ore developed countries baa lowered their aggre­
gate annual rate of increase to well below 1 percent, and 
the peak rate of increase baa also apparently been passed 
i n  the less-developed parts of the world as a whole. A 
sharp decline in fertility in aany low-incoee areas baa 
aore than offset the generally continued reduction in the 
death rate, although the rate of population increase 
reaains high in at.oat all leas-developed countries. 

The causes of the reductions in fertility--whether 
t hey are the effect prt.arily of such general changes as 
lowered infant .ortality, increasing education, urban 
rather than rural residence, and iaproving s tatus of 
woaen, or of such particular changes as spreading knowl­
edge of and access to efficien t aethoda of contraception 
or abortion--are strongly debated. There are also diver­
gent views of the appropriate national and international 
policies on population in the face of these changing 
trends. The differences in opinion extend to different 
beliefs and assertions about what the population trends 
really are in many of the leas-developed countries. 
Because births and deaths are recorded very incompletely 
i n auch of Africa, Asia, and Latin Aaerica, levels and 
trends of fertility and .ortality auat be estimated, and 
d iaagr .... nt baa arisen in aa.e instances about the moat 
reliable es timates of those levels and trends. 

I t was to exaaine these questions that the Coami ttee 
on Population and Demography was established within the 
Comaiaaion on Behavioral and Social Sciences and Education 
of the National Research Council. It was funded for a 
p eriod of five and one-half years by AID under Contract 
No. AID/pha-c-1161 and Grant No. AID/DSPB-G-0061. Chaired 
by Ansley J .  Coale, the �ittee baa undertaken three 
aajor taaksa 

1. To evaluate available evidence and prepare 
eatiaatea of levela and trends of fertility and mortalit y 
in selected developing nations, 

2 . To iaprove the technologies for estima ting 
fertility and .ortallty when only incomplete or inadequate 
data exist (including techniques of data collec tion), 

3. To evaluate the factors deteraining the changes in 
birth ra tes in less-developed nations. 

X 
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Given the ugnitude of these tasks, the �ittee 
decided to concentrate ita initial efforta on the firs t 
two tasks. 'l'hia work is detailed in a aeries of country 
and Mthodological reporta frc:. the National Aced•y 
Preas, and the demgraphic eatiution Mthodology 
developed for the country s tudies is laid out in a volume 
issued by the United Na tions. All of 198 2, so. 17 0 
population apecialiata, including 94 frc:. developing 
countries, have been involved in the work of the �ittee 
as M.tlera of panels or working groupe. 'l'he co.aittee, 
the co.aiaaion, and the National Research Council are 
grateful for the unpaid tiM and effort these experts 
have been willing to give. 

'l'h e  co.ait tee initiated work on the third tuk in 
OCtober 1979 when the aepar ately funded Panel on 
Fertility De terainanta vas established. Research on the 
deterainanta of fertility change baa been carried out by 
scholars frc:. several disciplines, and there is no co.­
prebenaive accepted theory of fertility change to guide 
the evaluation. Because of this s tate of knowledge of 
the causes of reductions in fertility and the diffi­
culty of the task, the Panel on Fertility Deterainanta 
includes scholars frc:. anthropology, deaograpby, 
eQOnc:.ica, epidemiology, psychology, sociology, and 
statistics. Three �ittee M.tlera serve on the panel . 
'1'he work prograa of the panel includes the preparation of 
a report that atteapta to su.aarize and integrate 
s cientific knowledge about the deterainanta of fertility. 
In addition, the panel baa prepared a few illustrative 
cross-na tional coaparative analyses and s tudies of 
several developing countriea. 

'l'his report is one of the panel's coaparative analysis 
studies. It baa been pcepared by Toni Richards, research 
associate, Office of Population Research, Princeton 
University, vbo vas a National Acedeay of Sciences 
postdoctoral fellow with the �ittee in 198 0-81. 'l'he 
initial work on thia s tudy vas carried out at the Acadeay, 
and it vas coapleted at the Office of Population Research 
(OPR). 'l'he panel and the c�ittee are grateful to the 
a uthoc for preparation of the s tudy and to the OPR for 
logistical support provided to the authoc. 

'l'he author, panel, and c�ittee would like to thank 
Henry Braun, Rodolfo Bulatao, Mark Mantga.ery, Krishnan 
Nallboodiri, Anne Pebley, '1'. Paul Schultz, Burton Singer, 
J .... Trussell, and Bania Zlotnik for helpful �ta 

xi 
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INTBODOCTION 

Breastfeeding and contraception are the two key dis­
cretionary variables affecting fertility, tha t is, the y 
are the primary ways in which wo.en .. y ,  through their 
own behavior, influence when, if ever , they have a nex t  
birth. Breastfeeding and contraceptive practice are 
themselves influenced by socioeconomic characteristics. 
In addition, a child death may truncate breaatfeeding or 
alter contracep tive behavior. Recent work has shown the 
iaportance of these intermediate variables in accounting 
for differences among populations in aggregate fer tility 
levels (Bongaar ts, 1976, 1982). Biome tric models and 
clinical studies give us qui te precise estimates of the 
contribution of an additional month of breastfeeding or 
contraception to the length of the birth interval ( for a 
s ummary of some of this work, see Ler idon, 19771 Sheps 
and Menken, 19731 Bongaarts, 19831 or Bongaarts and 
Menken, 1983). However , the bia.etr ic models have relied 
on mathematical simplifications, while the clinical 
s tudies have been restricted to small samples , usually 
baaed on local populat ions for which detailed prospectiv e  
data could be gathered. 

In th is paper , a .adel of the dynamics of ch ildbear ing 
for the bir th  h istories of ind ividual women is developed 
and applied to World Fer tility Survey (WPS) data from 
Colosbia and Costa Rica . The analysis focuses on the 
deterainants of breastfeeding and contraception, and on 
the ways they, in turn, inf luence fer tility. The 
sophisticated and precise bia.etr ic models are extended 
so tha t they are applicable to the gross level of mea­
sureaent and heterogeneous samples of the retrospective 
birth h istor ies available from surveys . To the exten t 
that th is analysis produces empir ical results comparable 
to those expected from b iometric .adels and clinical 

1 
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2 

studies, it both lends credibility to the use of eophia­
tica ted modeling techniques with survey data and extends 
the validity of the bia.etric .adela to broader popula­
tions. 'l'o the extent that breutfeeding and contraceptive 
use can be IDOdeled, new inaigbta into ac.e of the behav­
ioral aspecta and the dynuica of the fertility deciaion­
llaking process are gained. Tbe statistical techniques 
used rely on eatiaation procedures recently developed for 
the analysis of survival data and even t histories (Cox, 
1 9 7 21 Kalbfleiab and Prentice, 1980) . These techniques 
bave previously been applied to the analysis of labor 
force dynuica (Flinn and Beckaan, 1982, 'l'uaa at al., 
1979 ) , aarriage dissolution (Menken at  al., 1981 ) , 
contraceptive discontinuation (Pot ter and Pbillipe, 1980 ) 
and child survival (Trussell and a .... ralougb, 1983) , as 
w ell u to a wide variety of bto.edical data. Their 
application to fertility is a natural one (see, for 
exaaple, Singer and Beckaan, 19821 Braun and Boea, 197 9) . 

Previous work baa aegaented the birth interval into a 
w aiting ti• to conception, a period of ges tation, and a 
period of poetpartua .. norrbea. Typically, each of 
these segments has been modeled sa par ately. Tbe length 
of the waiting tiM to conception has been uauaed to b e  
dependent upon fecundity, the aonthly risk of conception. 
The lengths of gestation and poetpartua .. norrbea were 
taken as either conatanta or their distributions were 
modeled separately. The aodeling s trategy adopted here 
calculates conception rates (which aay. be equal to zero) 
by duration, disregarding aeg��entation of the birth 
interval. That is, i t  replaces the idea of fecundability 
with a conception rate dependen t on breutfeeding and 
con traceptive use, and on a biologically deterained 
propensity to conceive that is dependent on the tiae 
e lapeed since the las t  birth. The question is whether, 
given the reported data on duration of breutfeeding and 
duration of contraceptive use froa retrospective surveys 
like the WI'S, we can eatiaate the impact of breutfeeding 
and contraceptive practice on fertility as •asured 
through birth interval length and parity progression. 
Tbe basic idea is that a t  each point in ti• since the 
previous birth, there is aoae risk of conception. This 
r isk is influenced primarily by breastfeeding and 
contraception, as well as by aocioeconoaic factors. In 
addition, i t  is well known that infant aortality can 
influence the length of the birth interval, either 
because breaatfeeding stope when the child dies or 
because contraceptive practice changes. A aiailar 
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strategy is adopted for analyzing teraination rates for 
breastfeeding and contraceptive use. Just as there is 
some risk of conception at each point in tiae frc:. the 
previous birth, there is sa.. risk of terainating breast­
feeding or contraceptive use at each point in tiae after 
these behaviors begin. Infant aortality influences the 
conception rate by changing these risks. Siailarly, the 
principal iapact of the socioeconc:.ic variables on fer­
tility can be expected to operate through the decision to 
breastfeed or contracept and through the duration of 
these practices. 

In what follows the data frc:. the WOrld Fertility 
Surveys for Cola.bia and Costa Rica are described along 
with the social, econc:.ic, and deaograpbic settings of 
these two countries for the period 1960 to 1976 . A 
three-stage sch ... for the analysis of breastfeeding, 
contraception, and fertility is aleo described. The 
stages of the aodel includea first, defining a set of 
background covar iates that predict vbether or not a wcaan 
breastfed and whether abe used contraception, second, 
aodeling durations of breastfeeding and of contraceptive 
use1 third, devel�nt of a bic:.etrically-bued aodel of 
the interval between births. Since the theory for the 
last stage is aost fully developed, the sch ... is 
described in reverse order in the text. Estiaation 
procedures for descriptive statistics and for the equa­
tions specified are given next, along with a description 
of the birth intervals sampled and definitions of the 
variables used. This is followed by a set of descriptive 
resulta, the final resulta, and a sua.ary. 
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HOTBS ON TBB DATA 

As already noted, the data used are froa the World 
Fertility Surveys for Colo.bia and Costa Rica, which 
obtained reproductive histories, including dates of birth 
and death of all children, for nationally representative 
sa.ples of women in the reproductive ages. (These are 
described in detail in the Firat Country Reports, and the 
quality of the data have been explored in other WI'S 
publications, c.f. the Scientific Reporta.) Detailed 
information on breastfeeding and contraceptive use are, 
however, available only for the last closed and the open 
interval, and infor .. tion on duration of contraceptive 
use was collected only in the two countries studied here. 
Despite being selected because of data availability, 
Colombia and Costa Rica are appropriate for a comparative 
study of the impact of breastfeeding and contraceptive use 
on reproduction because they are countries with relatively 
siailar levels of fertility, but quite different patterns 
of breastfeeding and contraceptive use. 

In both countries, the 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, the farther from 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. The situation is problematic because the estima­
tion procedures used here require that we assume the 
childbearing process to have remained relatively unchanged 
o ver 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 exaaine 
aa.e of these changes rather clo.ely. 

Figure 1 shows the downward trends for the period 
1960-76 in fertility (total fertility rate) and infant 
.ortality ( 1qo). The level of fertility and the pace 
o f  decline are aiailar in both countries, but infant 
JDOrtality is �vbat lower in Costa Rica than in Colaa­
bia. Figure 2 displays the age profile of fertility for 
both countr iea for two tae pointa. The pattern of 
decline baa been aiailar in both countries, resulting in 
a concentration of childbearing at younger ages, that is 
perbape .ore urked in Costa Rica than in Cola.bia. 

There baa also been con.iderable social and econaaic 
c hange. While both Cola.bia and Costa Rica still have 
large agr icul tur al sectors (with 30 and 22 percent, 
respectively, of the groea &.eatic product being derived 
from agriculture), urbanization and industrialization 
have both increased since 1960. 'l'be aid-1960& also saw 
the developaent of faaily planning progr .. in both 
countries. Although Colombia and Costa Rica are both 
about equally urbanized, per capita inco.e and literacy 
are considerably higher in Costa Rica, as is contracep­
tive prevalence. In contrast, breastfeeding is .ore 
ca..on and of longer duration in Cola.bia than in Costa 
Rica. Thus, aiailar levels of fertility are obtained by 
quite different behavioral aecbaniau. In both countries, 
faaily planning clinics have tended to be concentrated in 
cities, and contraceptives have been aore available to 
the urban population (see Sanin, 1976, c;o.ez and 
Beraudez, 1974). 

These social and de110graphic changes affect the 
representativeness of the last two birth intervals. As 
already noted, births occurring farther away froa the 
survey date and associated with the last two intervals 
are leas and leas representative of all births for that 
period. In particular, births occurring far from the 
s urvey date will be associated with longer intervals, 
abort intervals froa earlier periods will be correspon­
dingly underrepresented. These long intervals will tend 
to be associated with births to woaen vbo are aubfecund, 
older women, higher-parity woaen, and women using contra­
ceptioo. This last group is of some concern since these 
women must have started using contraception at a tiae 
vben it was relatively unusual to do so. Therefore, the y  
aay b e  an atypically .ore •aoaern• group for their period, 
and their childbearing experience aay be closer to that 
o f women who gave birth in the aore recent period. In 
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addition, modern coitus-independent contraceptives were , 
for the .oat part, not available until the 1970s, which 
•ana that these longer intervals bad to be achieved 
through the effective use of .ore traditional •thode, 
and thus may bias upwards our estimates of the t.pact of 
the use of these •thode on fertility. An attempt to 
aaaeaa these biases ia aade by progressively excluding 
births froa earlier periods, repeating analyses and 
cc.paring result.. Thua, all last and next-to-last 
births are analysed first, followed by only those 
occurring since 1960, since 1965, and since 1970. 
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TBB MODBL 

In an effort to understand the dynaaica of fertility as 
regards ita responsiveness to breastfeeding, contra­
ceptive use, and their durations at the birth interval 
level, the reproductive history of a woaan is treated as 
a sequential process marked by events including births, 
initiation and termination of breastfeeding, initiation 
and termination 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 bigbly endogenous system will be broken into a 
multi-stage process. 

The stages of the model are as follows. A set of 
background social and economic variables is developed for 
tbe purpose of predicting whether a woaan breastfed or 
whether abe used contraception during the last closed or 
tbe open interval. Durations of breastfeeding and of 
contraceptive use are then predicted for women with posi­
tive durations on each variable, respectively. Finally, 
a aodel 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 model is not as fully developed 
as it might otherwise be. In contrast, more information 
is available about bow the intermediate variables ought 
to enter a model of the waiting time to the next birth. 
Thus in our conceptual scheme, a set of social and 
economic characteristics influences whether and bow long 
a woman breastfeeds or c�tracepts, and these two 
intermediate variables, along with child mortality, 

9 
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influence the waiting time to the next birth. 'l'bia sell­
can be thought of as a translation of the Davia and Blake 
(1956) fraMwork to the individual level, with the first 

poction involving behaviocal .adeling and the second bio­
metric .adeling. It is shown in diagraa form at the 
beginning of the section on final results. 

The model will be deacr ibed fraa the inside out a 
first, the biometric .adel of fertility, then determinants 
of  the duration of breaatfeeding and of contraception, 
and finally, determinants of the probability of breast­
feeding or contraception. To do this, we must define 
some statistical terms and functions. The reproductive 
h iatory of a woman is taken to be a point process, that 
is, a randoll collection of points along the tiM axis 
(COx and Iahaa, 1980). Events sucb as a birth, initiation 
or termination of breastfeeding, initiation or termination 
of contraception, or a cbild death define the points, the 
time between related events defines intervals on the axis , 
for example, birth intervals or duration of breaatfeeding. 
Such a process can be specified in three ways, each 
c ontaining the SaM information expressed differenUya 
the interval specification, the counting specification , 
and the conditional intensity specification. 'l'be interval 
specification is baaed on the joint distribution of 
intervals. 'l'be counting specification is baaed on the 
distribution of the number of events in some fixed 
interval. The conditional intensity specification tells 
the probability of an event in a small time interval, 
conditional on the history of the process up to that 
point in time (Cox and Isham, 1980). Por example, it 
w ould tell the probability of a birth at a given time 
instant conditional on the woman's reproductive hiatocy . 
Por our purposes, this is the most intuitive approacb to 
modeling the childbearing process. 

The intensity specification is a generalization of the 
well-known hazard function. 'l'be hazard approach requires 
the existence of a density function for waiting times, 
that is, times between events. The relationships among 
the hazard, and the density and the distribution functions 
for waiting times is given below. Let T be a random 

· 
variable denoting time between events. Suppose it baa 
probability density function f(t) and cumulative 
distribution function P(t), then 

and 

t 
P(t) • Pr{T�t }  • J f(u)du  

0 
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f(t) • lim Pr{t�T<t ... } 

a-o+ a 

The survivor function is defined as 

P(t) • 1 - F(t) • Pr{�t }• 

'l'he hazard function 1a now given by 

b (t) ·l�o+ Pr{t<�t+atT>t} 

• lim Pr{ tc�t ... } 

a-o+ a 
f(t) 

• 

JTt) 

1 

Pr{T>t} 

The hazard function is related to tbe survivor and 
density functions by 

b(t) 
'F• (t> d 

• - • __ log P(t) • 
P(t) dt 

Using tbe initial condition tbat F(O) • 1 and integrating 
one bas 

t 
P(t) • exp[-J b(u)du ] 

0 

froa whicb it follows that 

t 
f(t) • b(t)exp[-J b(u)du]. 

0 

Clearly information about tbe hazard function is equiva­
lent to information about tbe density of waiting times or 
tbe survivoc function. 
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TBB PBRTILI'l'Y BQOATION a MODBLDIG TBB TIME TO EXT 
CONCBPl'ION 

our approach will be to JDOdel the conditional probability 
of having a birth (or conception), given that it has not 
already happened in the birth interval in question, and 
then to consider how this hazard function (or conception 
rate) ia JDOdified by breaatfeeding or contraception, or 
other characteristics such aa a child death. Consider 
the following scheMtic representation of the birth 
interval a 

kth 
birth 

I 
conception leadina· 

to (k+j )tb :::::
,. bjrtb 

+-noneueceptible period-+ +-eueceptible period-+ +-aeetation-+ 

'Jhe discussion of the hazard function is baaed on this 
decomposition of the birth interval into components 
influenced by different factorsa a nonsusceptible period 
following a birth composed of postpartum and possibly 
l actational amenorrhea, a susceptible period where the 
probability of conception may be modified by contracep­
tion, and a period of gestation. The goal is to derive 
some notion of the shape of the hazard function and how 
it behaves by consideration of these components. The 
.odel will not explicitly include fetal mortality. 
(Underreporting of pregnancy wastage is very .severe in 
the WFS1 see Chid ambaram et al. , 1980). Spontaneou s 
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
s ured heterogeneity is beyond the scope of the present 
research, for a discussion of the biases involved see 
Flinn and Heckman, 1982, Singer and Heckman, 1982r 
Heckman and Singer, 1982). 
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Por convenience, instead of conaidering the intervals 
b etween births, consider the intervals between conceptions 
leading to live births, so that an interval begins with a 
period of gestation followed by poatpartua amenorrhea. 
Por the purposes of IIOdeling, we will asau.e that the 
period of gestation is fixed at 9 110ntha. Tbia follows 
standard biometric practice (see Leridon, 1977). During 
tbia period, the probability of conception is zero. 'l'he 
period of amenorrhea following � birth is often taken to 
be fixed at 2-3 110ntha. (Leridon cites a aean of 58 days 
[1977183)r Bongaarta cites 1. 5 to 2 110ntha [1983).) Bow­
ever, this distribution is considerably 110re variable 
than is that for the duration of gestation, and ..... to 
bear incorporating into the IIOdel. (Leridon suggests a 
aaxt.ua of 11 110ntha of a.enorrbea in the absence of 
lactation [19771 83). ) Tbe period of a.enorrbea aay be 
followed by irregular cycles. In 90 percent of cases, 
ovulation returns before the first aenaea or in the first 
cycle (Leridon, 1977184r Bongaarta, 1983). However, the 
first few cycles following the return of menses tend to 
be aore variable in length, with the proportion of anovu­
latory cycles falling fraa 10 percent to leas than 5 
percent in the first five cycles (Leridon, 1977184). 
After this period of irregular cycles, the risk of 
conception is usually taken to be a constant, eatt.ated 
to be .20 or . 25 near marriage for vo.en in their 
twenties, with a mean waiting tiae to conception of 5 to 
8 110ntha depending on the variability of fecundity 
(Leridon, 1977133-36). Specifically, the distribution of 
waiting tiaea in the susceptible period is asau.ed to be 
exponential with a constant occurrence rate. Combining 
tbia inforaation yields the graphical display of tbe 
conception rate abovn at the top of page 14. Here the 
hazard is constant and equal to zero for 12 months during 
the nonauaceptible period (9 months gestation plus 3 
months postpartum aaenorrbea), and then gradually rises 
to a second constant level as the woaan enters the 
susceptible period. 

Nov consider bow this hazard may be .edified by breast­
feeding and by contraception, respectively. Breastfeeding 
lengthens the period of postpartum aaenorrbea. Tbe extent 
of this impact depends on the duration of breastfeeding1 
with up to 3 months of breastfeeding, the duration of 
amenorrhea exceeds the duration of breastfeeding; after 3 
months, eacb additional month of breaatfeeding adds less 
than 1 month of amenorrhea (Leridon, 1977:85; Bongaarts, 
1983). Tbe impact of breaatfeeding on a.enorrbea also 
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DIAGRAM 1 Hazard Function for Conceptions for Women Who 
d o  not Breaatfeed and do not Contracept 

conception 
rate 

I .2 

I �-----------+--��--·1----- 1-------------
+---aeetation---+ 

10 
+-t-+ +- +--1 I 

20 

-nor rhea 
t+-noneueceptible period-+ 

period of irreaular cyc le• 
+--eueceptible--+t 

I I 

110nthe 

kth conception (k-l)th conception 

depends on both the frequency of nursing and whether 
b reaatfeeding is full (no supplementation) or partial 
(the infant receives other nourishment). Full breast­
f eeding appears to have a much greater impact than 
partial on amenorrhea, but neither has any apparent 
e ffect 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 women 
who have stopped lactating. Once menses return, it is 
plausible that the same model of constant conception 
rates is appropriate both for noncontracepting women who 
are breastfeeding and for those who are not, although 
there is some evidence that conception rates may be lower 
among women who continue breaatfeeding after the menses 
resume. The expected impact of breaatfeeding is shown by 
the dashed line in Diagram 2 on page 15. Contraception 
reduces the conception rate during the susceptible 
period. Moat biometric modele assume that a woman 
contracepts with an effectiveness £, which ia 
method-specific and constant throughout the period of 
contraceptive use. During this period, the conception 
rate 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 
r ight, whereas contraception shifts it down. It is beyond 
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DIAGRAM 2 Hazard Punction for Conceptiona Three Cases 

COilCeptiOil 
rate 

I 
2 
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. 

_ ...
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10 20 IIORtha 

"natural fertil ity: -n wbo do not breaatfeed and do not 

• contracept. 
caae 1: -n wbo breaatfeed and do not contracept • • • • 1 caae 2: - vbo cont racept and do not breaatfeed. 

the scope of the present research to study interactions 
of breaatfeecSing and contraception, .oreover, only a 
small fraction of women aiaultaneoualy breaatfeed and 
contracept in the countries we are studying (Pebley et 
al.,  1981). 

Infant and child mortality pose a difficult problem in 
this study of fertility. Short birth intervals and high 
child mortality are often mutually reinforcing. Firat, 
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 
i ncreasing coital frequency. To determine whether there 
is a residual iapact of child mortality on fertility 
apart from changes in breastfeeding and contraception' 
therefore, child mortality is included in the model. 

Por the most part, social and demographic character­
istics of the woman or her husband that may affect 
fertility are expected to work priaarily 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, 
19771 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 may lead 
to longer live-birth intervals and conception rates that 
appear to be lower at higher parities. Parity has been 
included among the covariate& to help alleviate this 
problem. 'l'he particular specification for parity and the 
other covariate& will be described following the dis­
cussion of esti•tion procedures. In addition, results 
will be presented separately for five-year cohorts for 
two reaaonaa fecundity declines with age, and reproduc­
tive behavior may differ substantially foe different 
cob or ts. Our ation of marriage is omitted from this .odel 
because, although coital frequency may decline with 
duration of 111arr iage, recent research using WFS data 
shows little or no effect of marriage duration on 
fertility (Cesterline and Bobcraft, 1981). Although 
social and economic characteristics of the woman or her 
husband can be expected to influence fertility primarily 
through their influence on breastfeeding and contracep ­
tion, these variables are included in the .adel to 
determine whether there is any residual impact on 
fertility. Therefore, the .odel includes information on 
the education of both spouses and whether they reside in 
u rban 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 so adequately is beyond the scope of the 
present research; the model therefore includes only some 
rudimentary information on the woaan• s  work experience 
since marriage. 

THE BREASTFEEDING EQUATION: MODELING THE DURATION OF 
BREASTPEEDING 

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 modeling 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 
b y  the time of interview is given on page 17. 
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I
th birt h (k+l)th birth inter.3e 

+---------kth inter.al------+ ----- (k+l)th inter.al---+ 

+-b<eu< fH<Ii .. ---• -i-b<eaa< fH<Ii.,.----not--

woaen aay discontinue breaatfeeding for two reaaons a 
s ome  woaen may discontinue t..ediately because of medical 
or physical problema, others will continue breastfeeding 
until saae later, perhaps socially preacr ibed , weaning 
date. Those in the first group will have very short 
durations of breastfeeding, shown by the function f1 in 
Diagram 3 below, those in the second group will have 
longer durations, grouped around a second modal value 
shown by the function f2• Aa a consequence, the density 
of waiting times for all women uy be a aixture of these 
two densities. 

D� 3 A �Pold Mixed Weibull Density Function 

1. 

' 
' 

\ --- ' ------ ..._ , - -------�----�----------------------------------------� 
t 

The role of child mortality in relation to breastfeed­
i ng 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 endogeneit y 
problem. Ideally, breastfeeding and child 110rtality 
should be IIOdeled simultaneously aa a multi-state 
process, indicating whether breastfeeding terainated 
befoce the child died. unfoctunately, the WPS has 
g rouped the data on date of death into quite large 
intervals so that it is not possible to tell how long 
before the child's death breastfeeding was terminated. 
Even if esti•tion of such a .:Kiel were possible, one 
could not deteraine without additional information 
whether breastfeeding was terainated because a child wa s 
unhealthy or whether early termination of breastfeeding 
resulted in a child death. Therefore, from these data, 
it will be possible to deteraine only descriptively 
whether children who survive are breastfed longer 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 limitation purposes, then its duration 
should be longer at higher parities, although empirical 
evidence for this is weak (Jain and Bongaarts, 19801 Butz 
and DaVanzo, 1978). T.he greater availability of� 
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 infocmation on other opportunity costs of a 
w oman's time; unfortunately, such information is not 
available from the WFS. However, some rudimentary 
information on the woman's work experience since marriage 
is included in the model to test its value as a proxy for 
the opportunity costs of women's time. 

THE CON'l'RACEPl'ION 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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b r eas tfeeding , both the pr obab i l i ty of us ing contr aception 

in e i ther inter val and con tr aceptive d iscont inuation ar e 
modeled . The d iagr am  below g i ves a schematic r epr esen­
ta tion of contr aceptive use in the las t closed and th e  
o pen in ter val for a woman who contr acepts in both 
intervals and is s t ill contr acept ing a t  the time of 
i n ter view . 

I
t h birth <k•l>th birth intervier 
•-----------••• "'•<••1--------•l•-----------(k+l}th interval------+ 

not ----++----contracept ina---++--not ----------++---cont racept ina----+ 

Studies of contr acept ive d iscontinuation abound in th e  

l i ter a t ur e . On e  example us ing a s imilar me thodology i s  
Po tter and Ph illips (1980). Diagr am 4 below g ives th e  
es timated hazar d  r a te o f  d iscontinu ing any me thod among 
p i l l  acceptor s . 

DIAGRAM 4 Obser ved and Predicted Month ly Pr obab i l i t ies 
of D iscont inuing Any Method Among Pill Acceptor s 

d i acont inuat ion 
rat e  .} 

. . . 

12 

. . . .. .. . . .... . . . . . . .. . . . . .·. 
36 60 aontha 

Th e hazard function for contr acept ive d iscontinua tion 
should be shaped differ ently for d iffer ent me thods: 
u ser s of coi tus-dependent me thods may be expected to use 
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for shor ter per iods than us er s of mor e moder n co i tu s­
i ndependent me thods . Women who want an add i tional ch ild 
ar e l ikely to contracept for shor ter durat ions . I n  
a dd i t ion , a ch ild dea th may lead s ome  women to d iscontinue 
contracept ion ear l ier than they would have otherw ise . 

However , the model of con tr aceptive d iscontinuation will 
no t include r easons for d iscont inua tion s ince these ma y 

change w i th  the length of use . It has also been argued 

tha t br eas tfeed ing and contr aception ar e compe t ing ways 
o f  pos tpon ing the next b ir th .  If th is is the case , we 

would expec t WOIIlen who br eas tfeed not to contr acept or t o  
c ontr acept for shor ter dur ations . The concentr ation of 

family plann ing serv ices in urban ar eas , as well as 
b etter availab i l i ty of s uppl ies and medical car e ,  may 
make urban women mor e l ikely to use and to cont inue to 

u se contr acept ion . Resear ch h as also shown that mor e­
educated women cont inue contracept ion longer than do the 
l ess-educated ( Potter and Phill ips , 1980) . Par ticipation 
in the labor for ce may increase the incen t ive to contr a­
c ept for longer per iods . Al though de ta iled information 
on labor force par ticipa t ion is not ava ilable , th e  

l ess- than-ideal data avai lable ar e included in the model 

to tes t the ir util ity as a proxy for oppor tun i t ies in th e  
l abor force . 

THB PROBAB ILITY OF BREASTPEED IN G  AND THB PROBABILITY OF 
US IN G  COHTRACEPriOH 

Th e pr evalence of both br eas tfeeding and contr acept ion 
d i f fer s qu i te markedly be tween Colomb ia and Cos ta Rica . 
For example , 19 percent of Colomb ian women and 7 percent 
of Cos ta Rican women wer e br eas tfeed ing a t  the time of 

the s ur veyJ wh ile 52 percent of Colomb ian women and 7 8  
per cen t o f  Cos ta Rican women wer e us ing contracept ion . 
Th er e for e ,  ther e is some inte r es t  in inves tiga ting the 
de terminants of the propens ity to br eas tfeed and th e  

p r opens i ty to contr acept i n  e ither of the las t two b ir th  

intervals for these two coun tr ies . Only th e  backgr oun d  

v ar iables descr ib ing social and economic char acter is tics , 
taken to be f ixed over the las t closed and the open 
i nter val , a r e  expected to infl uence th es e  pr obab i l i ties . 
I t is hypothes ized tha t  more-educated women and those 

w ith mor e-educa ted h usbands will be mor e l ik ely to con-

Copyright © National Academy of Sciences. All rights reserved.

Comparative Analysis of Fertility, Breastfeeding, and Contraception:  A Dynamic Model
http://www.nap.edu/catalog.php?record_id=19475

http://www.nap.edu/catalog.php?record_id=19475


21 

tr acept and less l ikely to br eastfeed J women l iv ing i n  

u r ban areas will be mor e l ikely to have access to and 
there for e use contr aception , but may also be less likely 
to br eastfeedJ women w i th exper ience in the labor force 

s ince mar r iage and those who have wor ked outs ide the home 
m ay have mor e •moder n• ideas and be more l i k ely to 
contr acept and less l ikely to breastfeed than women wh o 
h ave not h ad these exper iences . 
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ME'l'BODS 

Th is section of the r epor t has f ive par te . First,  the 
duration data for fertility ,  breaatfeeding , and con­
t r aception are descr ibed and evaluated using Kaplan-Me ier 
estimates of the surv ival functions (Kalbfle isch and 
P r entice , 1980). Second , the models of conception rates , 
teraination of breaatfeed ing , and contraceptive d i e­
c ontinuation are analyzed us ing estimated hazard 
functions with ti..-varying covar iatea . In the next two 
p ar te ,  the sample and var iables used are defined . 
Finally , the equations for the probability of breas t­
f eeding and the probability of us ing contr aception are 
estimated us ing log istic regress ions . 

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

Th e survivor function was defined in the prev ious 
section a �( t)  is the probability that the event of 
i nterest occur s sometime after the time , t ,  s ince the 
preceding event . The events are bir ths ( in the case of 
f ertility) , termination of breastfeeding ,  and contra­
ceptive discontinuation . An interval ia said to be 
c ensored if the r espondent was interviewed before it was 
closed by the next event . S ince the information used i a  
f rom the last closed and the open bir th interval , there 
are at most two intervals for each woman , one of whic h  
may b e  censored . All intervale ( even those for the same 
woman) are treated as if they were independent . The 
Kaplan-Me ier estimator is the nonparametr ic maximum 
l ikelihood estimator of �. It is defined aa follows , 
u s ing the example of b i r th intervals ( from Kalbfleisch and 
Prentice , 1980:11-16) . Suppose birth intervals of length 

22 
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t 1 < t 2 < • • •  < t k ar e  observed i n  a sample s ize N from 
a homogeneous population with survivor function F (t ) . 
Suppose fur ther that ther e are d · birth intervals o f  
length t ; ( j •l , • • •  ,k ) and mj birfh intervals are cenacxe d 
b y  the interview in the interval [ � ,  9 +1 > . 'Itle nUJIIber 
of items at r isk j us t  pr ior to t ; is n j • (m ; + d j) + • • •  + 
<• k + d k) -th e  number of birth in£ervala that 'bave not ye t 

b een closed by a b ir th or censored by the interview . 'lhe 

Kaplan�eier estimator is now g iven by 

� Dj - dj 
F ( t )  • w ( 1 j l  � < t nj 

I t  is a s tep funct ion with j uapa at the observed b ir th  
interval lengths . I t  neglects calendar t ime i n  that i t  
only uses inforaation on the length of the interval , as 
if all intervals had a common or ig in time , t•O . Th is is 
a lso tr ue for dur ation of breas tfeeding and duration of 
contraceptive use .  These estimated s urv ivor functions 
a re used to evaluate the quality of the dur ation data . 
Preference in repor t ing cer tain interval lengths , par ­
t icular ly troublesome for breaa tfeeding and for contra­
ception , will be revealed in large j umps in the es timated 
a urvivor functions . 

A CONTINUOUS-TIME ESTIMATOR OF THE HAZARD FUNCTION 
WITH TIME-VARYING COVARIATES 

'Itl e  hazard funct ion was defined above , where it was shown 
to be related to the surv ivor function by a s imple trans­
formation and therefore mathematically equivalent to it . 
For analys is of a woman ' s  reproductive h is tory ,  the hazard 
f unction is pr e ferred because it allows us to examine the 
probability of an event , such as a b irth condit ional on 
o ther events or behav ior s in the b ir th  interval , s uch as 
br eastfeeding or contraception . Only a s imple spec i f ica­
t ion of the hazard w ill be cons idered here . Wh ile more 
e laborate models have been descr ibed in the liter atur e 
( s ee ,  for example , Singer and Heckman , 198 2 ) ,  f i tting 

such models can be exceedingly complicated . 
The bas is for the es timation pr ocedure is to approxi­

mate th e  hazard by a step function , def ining aubper ioda 
of t ime from the s tar t  of the interval and assuming that 
the hazard is cons tant within those subper iods , but 
s h i fted pr opor tionately by the covar iate& . As will be 
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seen i n  th e  next section , the es timated survivor 
f unctions , wh ich contain the s ame  inforution as the 

hazard functions , ar e  quite &IDOOth and change relativel y 
s lowly . Th is illpl iea that the h azard functions will also 
tend to be aJDOOth , so that the s tep function approxima ­
t ion probably does not result in the loss of a great deal 
of infor��ation . In its str ucture , the hazard .xlel 
r esemlea an analys is of cov ar i ance w i th  inter actions . 
It is g iven by 

� • exp {a X  + >. pZp) ,  p • 1 ,  • • • 1P1  

where p indexes aubper ioda fr011 the start of the interval , 
X is a vector of covar iate& wh ich are fixed with 

respect to the interval J 

Zp is a vector of poss ibly t i--v arying covar iatea 1 
a t >. p are vector s  of par ameters to be ea ti��atedJ and 
� is the level of the hazard in aubper iod p .  

Th e  X variables are generally a s e t  of background var i­
ables that descr ibe the soc ial and economic character ­
i s tics of the WOIUJ\ and her husband . These var iables are 
unchanged over the course of the interval and have the 
s ame (propor tionate ) e ffect on the hazard at all dura­
tiona . The z var iables repr esent the IIIOCe dynamic upec t 
o f  the model and incorpor ate events or behav ior s occur­
r ing dur ing the interval of interest that can be expected 
to mod i fy  the fundamental shape of the hazard . Bither 
these var iables themselves change over the course of the 
i nterval--for example , breaa tfeeding when b ir ths are the 
dependent var iable-or their impact on the dependen t 
v ar iable changes--that is , they are inter acted w i th  
aubper iod . Th is model is estimated b y  max imum l ikelihoo d 
u s ing the progr am RATE ( Tuma and Pas ta , 1980) . In 
addition to assuming a constant hazard with in subper iod a 
wh ich is shi fted propor tionately by the covar iate& , the 
estimation proced ur e  also uaumea that all heterogeneity 
i s  •aa ur ed  by the covar iatea x and Zp ,  and that all 
intervals are mutually independent ,  even those for th e 

s ame  woman . In other words , indiv iduals with the s ame  
value o f  all covar iate& i n  subper iod p have exactly th e 
s ame  h azar d r ate . It should be noted that th is is only 
one of a number of poss ible specif ications , a s imilar 
model could have been es timated us ing a s tandard package 
for the analys is of contingency tables (see Laird and 
Ol iver , 19 8 1 , or All ison , 198 2 ) . 
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SAMPLE DEFINITION 

Th e analys is here is r estr icted to women who have been 
stably mar r ied s ince before the birth of the ir third-to­
l ast ch ild for the following reasons . Detailed informa­
tion is restr icted to the last closed and the open birth 
i ntervals . Th is means that two intervals are sampled 
from a woman ' s  reproductive history , the date of interview 
d e termines which two are selected . The estimation pro­
cedures used here requ ire pooling these two intervals and 
n eglecting the ir order and calendar timeJ that is , they 
only use information on the length of the interval , as i f 
a ll intervals had a common or ig in time . Intervals for 
the same woman are not linked in any way , but are treate d 
a s  independent observations . Th is means that the process 
must be stationary over the intervals sampled . Stably 
marr ied women are selected to permit treating information 
on soc ial and economic character istics of the woman and 
h er husband , collected at the time of the survey, as 
f ixed with respect to both intervals used . Women of 
par ities three and h igher were chosen to eliminate 
intervals between marr iage and f irst birth and to permi t 
the option of us ing information on infant mor tality from 
the next-to-last closed interval . The sample selection 
i s  diagr ammed below. 

{k-�)th birt h kth bl• rth {k+l)th birt h interv iew 

+ (k-l)
'h •••• , •• , • •••• •••• ,..,. l+ (k+l)

'h •••• ,.., .  

+-l aa t  c loaedj+------open---+ 

+ -- -- ------------------durat ion of · it h .. rriaae---------------------+ 

DEFINITION OF VARIABLES USED IN THE HAZARD MODELS 

Three dependent var iables are considered at each stage of 
the analys is : duration of the interval from a l ive birth 
to the conception of the next live bir th , duration of 
b r eastfeed ing , and duration of contr aceptive use . The 
f irs t var iable is so def ined because it  is assumed tha t 
the length of gestation (when the r isk of conception is 
zero) is f ixed at 9 months , it  is measured by subtracting 
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9 mon ths  from all closed intervals and def ining currentl y 
pr egnant wo•n as h aving an open interval of length zero 
(no exposure) • Th is •ana that the per iod of ges tation 
h as been eliminated from the analys is , thereby defin ing 
the hazard as zero duration ges tation . Spells o f  
breaa tfeeding and of contraceptive use i n  th e  closed 
birth interval are always cloaed J spells fro. the open 
b ir th  interval are open only i f  the woaan is s till 
breaatfeeding or s till contracepting at the time o f  
interview, otherwise they are closed . 

The analys ia of the hazard IIOdela haa three s tage• • 
Th e fi r s t  is deacr iptive . A 110del with no covar iate• is 
eatiaated & hp • A pr  p • 1 ,  • • •  , 8 .  Th ia JDOdel contain• 
m uc::b of the aa.e information aa the ea ti•tea of the 

a urv ivor function . The e igh t aubper ioda ar e 0- 2 ,  3-S , 
6 -1 1 ,  12-17 , 18-23, 24-35, 3 6-4 7 ,  and 4 8+ aontha . Shoc ter 
aubper ioda are used at the a tar t  of the interval becaua e 
th ia ia where the hazard typically changes .,. t  r apidly . 
Theae eatiaatea aerve aa a baaeline for co.par ing the 
i apact of the covar iate& . Por 110dela with oovar iatea , 
the nUIIber of aubper ioda is reduced to a ix ,  where the 
f ir s t  five a ubper ioda are the a ame  aa before and the 
s ixth aubper iod is 24+ IIOiltha . Th ia is in par t to r educ e 
the nUIIber of par ameter a ,  and in par t because there are 
few observation• at the longer dur ationa . 11len JDOdela 
w ith e ight a ubper ioda were tea ted , the lik elihood r atio 
s tatistics for the added parameter• were gener ally no t  
a tatia tically s ign i fican t .  

Table 1 deacr ibea the var iable• used in each o f  the 
three analyaea . The set of background var iables ia th e 
s ame  in all three equations . It includes indicator• of 
female labor force par ticipation , urban r esidence , and 
year• of a chooling for the woaan and her husband . As 
already noted , these var iablea can be expected to 
influence pr imar ily dur ation of breaa tfeeding and 
duration of contraceptive uae , rather than the tiM to 
n ext conception . They are included in the fer tility 
equation so that their dir ect impact on the time to nex t 
l ive-b ir th conception apar t from their indirect effect 
through breas tfeeding and contraception can be ascer ­
ta ined . Extens ive inves tigation of the functional 
specif icat ion of these var iables was not per formed her e 
or elsewhere in the analys is , in par t because th ese 
var iables did not per form as well as expected , perhaps 
due to measur ement error .  The woman ' s  par ity at the 
s tar t of the birth interval is included in all three 
equations, it is included in the fer tility equation to 
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capture par ity-related changes in pregnancy wastage and 

f ecundity not measur ed elsewhere .  The fer tility equation 
also includes indicator s of contraceptive method (coitu s­
d ependent or coitus-independent) J these are treated as 
shift factor s that are f ixed for the interval .  Duration 
of use is a time-v arying component that modifies the 
shape of the hazard . The other time-varying covar iate & 
are breastfeeding and ch ild survival (survival of the 
ch ild whose bir th began the interval) . All three ar e  
t reated as indicator var iables that are specific to 
subper iods . 

The var iables indicating duration of contraceptive use 
require some spec ial comment . The WFS for Colombia and 
Co sta Rica prov ides information on length of use in the 
closed and the open interval and on current status , bu t 
do not g ive s tar t and s top dates . In order to use th is 
informat ion , one must make some assumptions . It is 
a ssumed that women who do not breastfeed beg in contr acep­
ting immediately postpar tum, it is also assumed that 
women who breastfeed beg in contr acepting as soon as they 
stop breastfeeding unless the sum of the duration of 
breastfeeding and the dur ation of contr aception is greater 
than the length of the interval from last birth to next 
c onception (or to interview for the open interval) J in 
which case a per iod of over lap is allowed . However , 
apparently very few women s imultaneously breastfeed and 
contracept (Pebley et al . , 1981) . When alternate ass ig n­
ment str ategies allowing a delay of 1- 3 months between 
the last bir th and the beg inning of contraception and 
between termination of breastfeed ing and initiation of 
contraception were tr ied , results were not signif icantly 
a ltered .  As will be seen when the findings are descr ibed , 
the pr incipal impact of contraception on fer tility is  
through the two var iables wh ich indicate use of par ticular 
contraceptive methods at any time in the interval . Thes e  
d r astically shift the hazard downward . By compar ison , 
the time-varying covar iate& produce relatively smal l 
r earrangements of the hazard . Poor quality of the data 
on when contraception was actually used with in the 
i nterval may account for these findings . 

The breastfeed ing equation includes the same set o f  
b ackground char acter istics and par ity.  I n  addi tion , a 
dummy var iable indicating whether the ch ild in question 

s urvived past i ts second bir thday is  inter acted with 
subper iod ( that is , its estimated coef f ic ient is allowe d 
to vary with dur ation of breastfeeding and thus modify 
the shape of the hazard and not j ust its level) to show 

Copyright © National Academy of Sciences. All rights reserved.

Comparative Analysis of Fertility, Breastfeeding, and Contraception:  A Dynamic Model
http://www.nap.edu/catalog.php?record_id=19475

http://www.nap.edu/catalog.php?record_id=19475


28 

TABLE 1 Var iable Definition for the Hazard Modele 

liRTILITY IQUATIO. 
Dependent Variable : length of int erval from b i r t h  to next conc ept ion . 

Pixed cOYariatea (X) 
Background Charac ter i a t ica : 

work a i nce .. rriage : 
.. rriage . 

du.ay•l if the woaan baa worked a ince 

work away from ha.e : dumay- 1 if the vo.an baa worked ou t a ide the 
bOIIe . 

woaan ' a  educat i on : yeara of achoo l in, . 
huaband ' a  educat ion :  yeara of achool 1ng . 
urban rea idence : dumay• l if the voaan current l y  

area . 

Other ne.oaraph ic Charac t er i a t i c a  

l ive a i n  an urban 

contracept ive .ethod : aet of two duamy var i ab l e a . 
coitua-independent cont racept ion : dummy•l if the voaan uaed the 

pi l l ,  IUD or injec t iona in tbe b i rth interval in queat ion . 
c o i t ua-dependent cont race pt ion : dummy- 1 if the voaan uaed a 

d i aphraga, foaa, condoa or other coi tua-dependent ae thod i n  
t h e  inverval i n  que a t i on .  

par i t y :  a counter ind i c a t i ng  par ity at the at art of tbe interval . 

Tt.e-Varyina eo.ariatee <z,> 
breaa t feed ina : a aet of aix du .. iea•l if the woman bre aa t fed her 

ch i ld in aubperiod p and prev i oua aubperioda . 
c ont racept ion : a aet of aix du .. iea•l if the voaan uaed 

contracept ion in aubpe r iod p .  
child aurvival : a aet o f  aix du .. i e a • l  i f  the ch ild born at the 

a t art of the interval aurvivea throulb aubperiod p .  

DIAIDUDIIIC IQUATIO. 
Depeodent Variable : dura t ion of bre a a t feeding . 

F ixed Covar iate• (X) 
Back&round Charac ter i a t ic a : aa.e aa in fert i l ity e quat ion . 

Other De.,graphic Charac t e r i a t'ic a :  

par i t y :  .... aa in fert i l ity e quat ion . 

Pixed CoYariatea that are Interac t ed with lab-Period (Z) 
ch i ld aurv ival : du .. y- 1 i f  the child born at tbe a t art of the 

birth int erval where brea a t feed ing occura aurvivea longer than 
two yeara . 
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TABLE 1 (cont inued ) COITU.CIPTIOI EQUATIOI 

Dependent Variable : durat ion of con t racept ive uae . 

Piaed CoYariatea (X) 
Background Charac t eri s t ic s : Sa.e •• in fer t i l ity equat ion . 

Other Demograph ic Charac t e r i a t ic a : 

par i t y :  aame aa in fer t i l ity equa t i on .  
breaat feed ing : dummy- 1 i f  the woaan breaat fed in the birth 

interval where contracept ion occura . 
c h i l d  surv ival : dummy- 1 if the ch i ld born at the atart of the 

b i r th int erval where contracept ion occurs aurvivea longer than 
two years . 

Piaed CoYariatea that are Interacted with lab-Period (Z) 
dea ire for an add i t ional ch i l d : du .. y-1 if the woaan s t ated that 

abe wanted an add i t ional ch i l d  after the ch i ld born at the 
s t art of the b i rth interval where contracept ion occurs . 

c ont racept ive .e thod : dua.y•l if the woman if the woman uaed a 
c o i tua dependent me thod ( aee fe rt i l ity equat ion for a more 
de t a i led descript ion ) . 

IUISAMPIJI:S 

The equat ions above have been ree a t ima ted for aubaaaplea defined by 
pe r iod to te a t  for non-l inear i t iea and to at tempt to uncover biaaea . 
The'ae reau l t a  are inc luded in the append ix . 

Perioda : b i rth int ervale begun s ince 1 960 , s ince 1965 , a ince 1970 . 
Dat a  for al l three equat ions are progre a a ive l y  res t r ic t ed to 
int erval• from the more rec ent period . 

in a descr iptive way the shor ter dur at ions of br eastfeed­
i ng among women whose ch ildr en die . Along w i th the set 

of backgr ound char acter istics and par i ty ,  the contr acep­

t ion equation also includes ind icator s for br eas tfeed ing 
and ch i ld surv ival that ar e tr eated as f ixed w i th r espec t 

to the interval of use . Var iables indicating des i r e  for 
an add i tional ch ild · and contr aceptive me thod ar e inter­

acted w i th subper iod .  Th is speci f ication was chosen 
because it is not poss ible to determine the r elativ e  

t iming o f  events i n  th is por tion o f  the data set. 
Nevertheless , fer t i l i ty des ires and contr acept ive me thod 

a r e  expected to influence not only the level of the 
hazard , but also i ts shape . Br eastfeed ing and ch ild 
s urvival wer e r etained in the equation s ince the ir effect 
on dur a tion of use is of some inter est , but the ir impac t 

w as not suff ic ient to war r ant the estimation of 
add i t ional par ame ter s  r equ ired by an inter ac tion model . 

The mode ls wer e es timated for sever al subgr oups of the 

Copyright © National Academy of Sciences. All rights reserved.

Comparative Analysis of Fertility, Breastfeeding, and Contraception:  A Dynamic Model
http://www.nap.edu/catalog.php?record_id=19475

http://www.nap.edu/catalog.php?record_id=19475


3 0  

entir e sample selected for th is analys is . In l ight o f  
the concerns expr essed ear lier that intervals far ther 
away from the survey date are less representative , th e  
per iod was r es tr icted to the more and mor e recen t pas t :  
s ince 1960 , s ince 1965 , s ince 1970 . All three equation s 
wer e  es timated separately for each of these s ubper iods . 

LOGISTIC REGRESS ION ANALYS IS OF THE PROBABILITY O F 
B REASTFEEDING AND THE PROBABILITY OF US ING CONTRACEPl'ION 

The decis ion to breastfeed or to contracept may be 
d etermined by factor s other than those r elated to the 
duration of lactation and contraceptive use . As a f irs t 
s tep in under standing what determines the propens ity to 
breastfeed or to contracept , two dichotomous var iable s 
wer e  de fined wh ich indicate whether the woman ever br eas t­
fed and whether she ever used contraception in e ither the 
l as t closed or the open interval . The pr edictor 
var iables for both of these dependent var iables are th e 
s ame  set of background covar iate& defined for the 
fer tility equation in Table 1 . The es timation procedur e 
u sed is logis tic regre•s ion analya is . 
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DESCRIPTIVE RESULTS 

In th is section , the distr ibutions of the var iables to be 
used in the f inal set of analyses in the next section ar e 
g iven and the qual ity of the data evaluated , w i th  
par ticular attention paid to th e  dependent var iables .  

THE PROPENSITY TO BREASTFEED AND THE PROPENSITY TO 
CONTRACEPT 

Recall that the dependent var iable for the analys is of 
the propens ity to breastfeed and the propensity to 
contr acept is in each case an indicator var iable; the 
f irst is def ined to be one i f  the woman br eastfeeds in 
e ither the open or the closed b ir th  interval and to be 
zero otherwise , wh ile the other is def ined to be one i f  
the woman contracepted in either the open or the closed 
b ir th interval and to be zero otherwise . Th is var iabl e 
d efin ition was chosen to avoid any b iases that migh t 
ar ise from us ing information from the open interval onl y 
ther eby el iminating curr ently pr egnant women . Th e  r esults 
below show tha t behav ior in the closed interval is a good 
p r edictor of behav ior in the open interval . 

Table 2 g ives cross-tabulations of breastfeeding an d 
c ontraceptive use for the las t  closed and the open bir th  
in tervals for Colomb ia and Cos ta Rica . The top panel 
s hows th at in each of th e las t closed and the open b ir th  
in tervals ,  91 per cen t o f  Colomb ian women br eas t fed . I n  

Co s ta  Rica ,  77  per cen t r epor ted b r eas tfeeding i n  th e las t  
closed b ir th interval and 81 percen t i n  th e  open interval .  
Women who b r eas tfed in one interval ar e l i k ely to do so 
in the nex t :  in Colomb ia , 95 per cen t of women who 

r epor ted br eas tfeeding in th e closed inter val also 
repor ted br eas tfeeding in the open interval ; in Cos t a  

31 
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TABLE 2 Cross-Tabulation of Breastfeeding and of 
COntraceptive Use for the Las t Closed and the Ope n 
Interval 

BR!ASTFE!DING 

ColOIIb ia Co a t a  Ric a  

Open Interval Open Interval 

yea no yea no 
Cloaed 
Interval yea 1220 64 9 1 %  ye a  898 52 

no 56 67 9% no 1 14 174 

77% 

23% -
9 1 %  9% 1407 81%  19%  1243 

COITilAC!PTIOK 

Co lOIIb ia Coata Ric a  

Open Interval Open Interval 

yea no yea no 
C loaed 
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 f igure was 94 percent . The lower panel shows 
t hat, although the. prevalence of contraception is con­
s iderably greater in Costa Rica , contraceptive use i s  
near ly twice as likely i n  the open as i n  the closed bir th 
interval in both countr ies . Even so, behavior in the 
c losed interval is quite a good predictor of behavior in 
the open interval a in Colombia ,  86 percent of women who 
u sed in the closed also used in the openJ  in Costa Rica , 
9 1 percent did so . 

SURVIVOR FUNCTIONS FOR BIRTH INTERVALS , DURATION OP 
BREASTFEEDING 1 AND DURATION OP CONTRACEPTIVE USE 

Th e survivor function was formally defined ear lier a for 
birth intervals , at any time t after the last birth ,  i t 
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i s  the propor tion of women who have not yet had a nex t 
c onception . Figure 3 g ives the survivor function for 
birth intervals for Colombia in the upper panel , and for 
Costa Rica in the lower panel . The dotted lines show 95 
percent conf idence bands . Notice that the surv ivor func­
t ions are quite smooth ,  which suggests that there are no 
strong preferences for repor ting par ticular birth date s 
i n  e i ther country. I f  the two graphs were super imposed , 
the survivor function for Costa Rica would lie above tha t 
f or Colombia, and the 95 percent confidence bands for the 
two countr ies would not over lap after intervals about two 
years long , suggesting sa.ewhat longer bir th intervals in 
Costa Rica than in Colombia . Figur e  4 g ives the survivor 
f unctions for breastfeed ing for the two countr ies . Both 
show relatively sharp drops at 12 , 18 , and 24 months , 
p robably reflecting a combination of d ig it preference and 
actual behavior resulting from social norms dictating how 
l ong a child ought to be breastfed . The survivor function 
for Colombia lies above that for Costa Rica , except for 
v ery long durations . The estimates at these long dura­
tions are somewhat suspect s ince they rely on a very 
small number of cases , par ticular ly in Costa Rica . Figure 
5 g ives the surv ivor functions for contraceptive use for 
the two countr ies . These , l ike the survivor functions 
for bir ths , are quite smooth , although some j umps a t  
multiples o f  1 2  months a r e  ev ident . The survivor function 
for Costa Rica is far above that for Colombia , revealing 
c onsiderably longer per iods of use in the former country .  

MEANS AND VARIANCES OF THE INDEPENDENT VARIABLES 
USED IN THE ANALYSIS 

Ta ble 3 g ives descr iptive statistics for soae of the 
independent var iables used in the analysis . Colombian 
and Costa Rican women are about equally likely to have 
worked s ince they were mar r ied or to have worked outs ide 
the home .  In both countr ies the women have slightly less 
education than their husbands , but educational ach ievemen t 
i s  cons ider ably h igher in Costa Rica than in Colombia . 
However , the Colombian women are more likely than th e 
Co sta Rican women to be l iv ing in an urban area . As 
already noted , the level of fertility is about the same 
i n  both countr ies , poss ibly slightly h igher in Colombia 
than in Costa Rica . Infant mor tality is also somewha t 
h igher in Colombia than in Costa Rica . The inc idence of 
contraceptive use , particularly for coitus-dependent 
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TABLE 3 Means and variances of Some Independent 
Variables Used in the Analys is 

Colo�ab ia Coa t  a Rica 

a t andard a t andard 
me an dev i a t ion mean dev i at ion 

work a ince 
marriage . 34 .48 . 36 .48 

work away 
from home . 1 8 . 39 . 24 .43 

woman ' •  
educat ion 3 . 2  2 . 7  4 . 6  3 . 6  

huaband ' •  
educ at ion 3 . 5  3 . 1  4 . 8  4 . 1  

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

par i ty 5 . 7  3 . 0 5 . 6  3 . 1  

b i r tha surviving 
to age one . 94 . 24 . 95 . 22 

c o i tus independent 
cont racept ion in 
a birth int e rval . 2 1  . 4 1  . 24 .43 

co i t ua dependent 
cont racept ion in 
a birth int e rval . 20 . 40 . 32 .47 

b i r ths surviving 
to age one -.,ng 
chi ldren who are 
breaat fed . 9 7  . 1 8 . 98 . 1 5 

methods , is h igher in Costa Rica . Finally , the las t 
f igure in the table provides information on infant 
mor tality among children who are breastfed . A compar iso n 
w ith the same f igure for all bir ths shows lower infant 
mor tality among this group , however , this difference 
c annot be attr ibuted to breastfeed ing s ince breastfeeding 
might never be star ted if a child is in poor health or 
d ying .  
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FINAL RESULTS 

Th is section first exaaines models for the propens ity to 
breastfeed and for the propensity to contracept . Second , 
a.ang wa.en who breastfeed and among wa.en who contr acept , 
information about other exper iences in the birth interval 
i s  incorporated , and models of teraination rates for 
breaatfeeding and for contraception , respectively , ar e 
exaained . Finally, factor s affecting conception rates 
are exaained using information about the timing of 
b reastfeed ing , contraception , and chi ld aor tali ty. The 
scheae for the analysis is g iven by the d iagraa below . 

propene i t y  to 
breae t feed-------+ how long ? � ----- o<bn ope� 

Background � in the birth fert i l i t y  
charac teri e t i c e� interval � 

�propene� / / 
contracept -------+ how long? 

ch i ld aort a l i t y  

I II III 

Th e details of the var iables included in each equation 
were g iven in Table 1 .  

3 8  
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IDGISTIC REGRESS ION MODELS FOR THE P�PENSITY 
TO BREASTPEED AND FOR THE PROPENSITY TO CON'l'RACEPT 

These two equations use background character istics to 
p redict the probability of breastfeed ing and the 
probability of us ing contraception in e i ther the las t 
c losed or the open birth interval . Colombia and Costa 
Rica have quite different distr ibut ions of the two 
d ependent var iables . Near ly all women breastfeed in 
Colombia , in Costa Rica , although breastfeeding is ver y 
c ommon ,  i t  is not universal . In contrast, many more 
women contracept in Costa Rica than in Colombia . Table 4 
g ives the results of the analys is . Since breastfeeding 
is nearly universal in Colombia (only 6 percent of women 
d id not brea�tfeed in e i ther of the two birth intervals 
sampled) , the best pred iction is that all women will 
b reastfeed . Under these circumstances , the model is not 
very informative . Even though there is more var iability 
in the dependent var iable in Costa Rica, the model does 
not perform much better . Thus , the measured character­
i stics indicating soc ial and economic s tatus do not 
distinguish well between a woman who will breastfeed and 
o ne who will not . 

Th e analys is of the propensity to use contraception is 
somewhat more successful .  Although contraceptive usag e 
i s much h igher in Costa Rica, the impact of the social 
and economic var iables is much larger in Colombia . I n  
Co lombia, the probability of use increases with the 
education of both the woaan and her husband , and i s  
h igher for urban than for r ural residents . In Costa 
Rica , only the woman ' s  education and urban res idence hav e 
a n  impact , and the effects are much smaller . Th is 
conf irms that contraceptive use is  both more extens iv e  
a nd less restr icted to particular social and economic 
groups in Costa Rica than in Colombia . I t  is interestin g 
that , although breastfeeding is less widespread in Costa 
Rica than in Colombia ,  it is not any more restr icted to 
particular social and economic groups in one country than 
in the other . The analysis by per iod in the appendix 
s hows that these results are not s ignificantly altered as 
births from progress ively ear lier time per iods are 
e liminated , suggesting that these results are not solely 
attr ibutable to changing practices . 
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TABLE 4 Logistic Regression for Probabi lity of 
Breastfeeding and for Probabil ity of Us ing Contraception 
i n  Last Closed or Open B irth Interval 

Colo.bia I Coate Rica 

Breaet feed ina Cont racept ion Breaet feedina Contracept ion 

coaetaat 3 . 626 - . 9816 1 . 637 . 8288 
( . 2344) ( . 1051 ) ( . 1 248 ) ( . 1 221 ) 

work e iace . 0227 . 1 362 .4303 - . 0605 
-rriaae• ( . 301 1 )  ( . 1552) ( . 2543) ( .  2050 ) 

work away - . 2051 - . 2262 - . 4640 . 1 7 1 6  
fro. b-• ( . 3420 ) ( . 1964) ( .  2848) ( . 25 1 9 )  

- · ·  - . 0545 . 2032* . 0241 . 0900 
educat ion ( . 048 1 )  ( . 0308 ) ( . 0275 ) ( . 0300 ) 

buebelld ' e  - . 0627 . 1 222* - . 0439 . Ol l8 
educat ion ( . 040 2 )  ( . 0279) ( . 0236 ) ( . 0262 )  

urb• - . 5 5 16* . 74 1 3*  - . 0375 . 4441* 
reaideace• ( . 2676) ( . 1 2 14) ( . 1626 )  ( . 1674 )  

Model r 27 . 35 303 . 5  8 . 70 47 . 24 
d . f . 5 5 5 5 

predict he . 6114 . 1 64 . 335 . 318 
accuracy 

I aot uaiaa 6 . 0 39 . 7  1 7 . 5  19 . 2  

• 1 643 1 643 1449 1449 

Rotae : Indicator Yariable ; l'")'ee . 
Standard errore are ia pareatheeee . 

* iadicatae eiaaificaaee at the . 05 leYal . 

HAZARD MODELS POR TERMINATION OF BRBASTFBEDING AND 
CONTRACEPTIVE DISCONTINUATION 

Figure 6 shows the estimated hazard �unct ions fo r 
t ermination of breastfeeding ( top panel) and 
contraceptive discontinuation ( bottom panel) . Thes e 
h azards have been estimated without covar iate& and 
contain the same information as the surv ivor function s 
d iscussed earlier . The hor izontal lines show the result 
of assuming constant exponential discontinuation rates J  
t he j agged lines show the estimated hazards when they are 
allowed to vary over the e ight subper iods def ined ear lier J 
the solid lines represent estimates for Coloabia and the 
dashed lines those for Costa Rica . First examine the 
e stimated hazard functions for termination of breast-
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FIGURE 6 Hazard Functions for Termination o f  
B r eastfeed ing and for Contraceptive Discontinuation 

t 

t 

feed ing in the top panel . The hor i zontal lines show tha t 

t ermination r ates are h igher in Costa Rica than in 
Colombia . Colombia shows a pattern of moderate discon­
t inuation rates for durations of breastfeed ing under 18 
months , followed by a marked peak in discont inuation 
r ates between 18 and 23 month s ,  suggesting that the 
socially prescr ibed weaning time may fall within thi s  
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interval . The pattern for Costa Rica shows much highe r 
d iscontinuation rates at short durations , w i th  one group 
of women d iscontinuing before 3 months have elapsed and a 
s econd group d iscontinuing after 6 to 11 months . Turning 
to the estimated hazard func tions for contraceptive d i s­
c ontinuation in the lower panel , the hor izonal lines show 
that on average , discontinuation rates are only somewhat 
h igher in Colombia than in Costa Rica . However , the time 
pattern of discontinuation is quite d ifferent . Colomb i a  
s hows much h igher d iscontinuation rates at shorter dura­
tions , and the two curves tend to converge after durations 
o f  use longer than two year s .  The curves for Costa Rica 
show two peaks of d iscontinuation , one at shor t durations , 
the other at durations of 18 to 2 3  months . As d iscussed 
below , these differences are pr imar ily accounted for by 
d ifferences in the pattern of d iscontinuation of coitus­
dependent methods in the two countr ies , while the patter n 
o f  d iscontinuation of coitus- independent methods is more 
s imilar . 

Tables 5 and 6 g ive the estimated coeff icients , the ir 
standard er rors , and the antilogs for the equation with 
c ovar iates pred icting termination of breastfeeding . 
These results are displayed graph ically in Figure 7 .  Th e 
s tr ategy used in this and the other analyses of duration 
is f irst to examine the i�act of the background var iables 
a lone (Model 1 ) , then to add the covar iate& descr ibing 
other demographic character istics (Model 2) , and f inally 
to add the covariate& that descr ibe other events or 
behavior s that occur in the interval (Model 3 ) . Th e 
log-l ikelihood for each model is g iven at the bottom of 
the tables so that l ikelihood-ratio statistics can be 
c omputed to determine the s tatistical s igni ficance of the 
added covar iates . First cons ider the effects of the 
b ackground covar iate& alone . In Colombia, as in Costa 
Rica , the woman ' s  education , her husband ' s  education , and 
u rban res idence are all s tatistically s ign i f icant , and 
the estimated coeff ic ients are nearly of the same 
magnitude . In both countr ies , these three var iables are 
all associated with shor ter durat ions of breastfeeding . 
Model 2 adds par ity, which is also s tatistically s ig­
nif icant and of near ly the same order of magnitude . I n  
both countr ies , h igher par ity i s  associated with longer 
durations of breastfeed ing . Some of this may be a cohor t 
e ffect since average par ity at the star t of the last 
closed interval increases by approximately one for eac h 
f ive-year cohor t of women between ages 2 0  and 45. 
Because the number of observations is small , the mode l 
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4 3  

TABLB 5 Coeffic ient Batiaatea for Ten.inat ion o f  
B reaatfeed ing : Cola.bia 

Model 1 Model 2 Model 3 

coe f f .  ant i loa coe f f .  ant i l oa  coe f f .  ant i loa 

work e ince - . 0557 . 9458 - . 0562 . 9454 - . 0616 . 9403 
aarri aae a ( . 0629 ) ( . 0629 ) ( . 0628 )  

vorlt -ay . 0021 1 . 002 . 0012  1 . 001 . 0084 1 . 008 
froa hc.e a ( . 0765 ) ( . 0764 ) ( . 0765 ) 

voaan ' •  educ at ion . 0766* 1 . 080 . 0722* 1 . 075 . 07 20* 1 . 07 5  
( . O l l O )  ( . Ol l 2 )  ( . 0 1 1 1 )  

huebaod ' e  . 0 1 1 1  1 . 0 l l  . 0074 1 . 007 . 0093 1 . 009 
educat ion ( . 0095 ) ( . 0096 ) ( . 0096 ) 

urban ree idence• . 2343* 1 . 264 . 2339* 1 . 264 . 2327* 1 . 262 
( . 05 1 6 )  ( . 05 1 7 )  ( . 05 16 )  

par ity - . 0234* . 9769 - . 0245 . 9758* 
( . 008 2 )  ( . 008 2 )  

c h i l d  eurvivala - . 4022* . 6688 
( . 0922) 

Per iod 1 ( 0-2 IIOntha) 

conat ant -2 . 854* . 0576 -2 . 693* . 0676 -2 . 316* . 0987 
( . 0585 ) ( . 0808 ) ( . 1 1 7 6 )  

Per iod 2 ( 3-5 IIOntha) 

cona t ant -2 . 787* . 0616 -2 . 624* . 07 25 -2 . 245* . 1060 
( . 06 1 7 )  ( . 0835 ) { . 1 199 ) 

Per i od  3 ( 6-1 1 IIOntha) 

conat ant -2 . 579* . 0758 -2 . 4 14* . 0895 -2 . 032* . 1 316 
( . 0524 )  ( . 0776)  ( . 1 1 6 2 )  

Per iod 4 ( 1 2- 1 7  IIOnt h e )  

conat ant -2 . 661* . 0699 -2 . 491* . 0828 -2 . 102* . 1 222 
( . 0739 ) ( . 0945 ) ( . 1 294) 

Per iod 5 ( 1 8-23 IIOnth e )  

c onat ant -2 . 429* . 0881 -2 . 261* . 1 042 -1 . 866* . 1 547 
( . 09 1 0 )  ( . 1080) ( . 1406 ) 

Per iod 6 ( 24+ 110nthe) 

cona t ant -3 . 1 30* . 0437 -2 . 964* . 0516 -2 . 561* . 07 7 2  
( . 1452) ( . 1 56 2 )  ( . 1 8 1 5 )  

1oal ilte l ihood -6594 . -6590 . -6582 . 

N • 2264 

Note e :  
a"liiil'icator var i able : l '"Ye e . 
S t andard errore are in parenthe aee . 
* ind icatea lian i f i c ance at the .05 leve l . 
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4 4  

TABLE 6 Coeffic ient Estiaates for Terminat ion of 
Breastfeeding : Costa Rica 

Mode l 1 Model 2 Model 3 

coe f f .  ant i loa coe f f .  ant i loa coe f f .  ant i loa 

work.. a ince - . 0826 . 9208 - . 0627 . 9392 - . 0640 . 9379 
aarr i aae a ( . 0742 )  ( . 0744 ) ( . 0744 ) 

work away . 0942 1 . 099 . 08 1 02 1 . 084 . 0847 1 . 088 
frma tao.e a ( . 088 1 )  ( . 0881 ) ( . 088 1 )  

- · ·  . 0439* 1 . 045 . 0371* 1 . 038 . 0368* 1 . 038 
educat ion ( . 0095 )  ( . 0098 ) ( . 0098 ) 

huaband ' a  . 0131  1 . 01 3  . 0099 1 . 010 . 0 1 18 1 . 01 2  
educat ion ( . 0088 ) ( . 0088 ) ( . 0088 ) 

urban re a idencea . 1426* 1 . 1 5 3  . 1 342* 1 . 144 . 14 1 2* 1 . 152  
( . 0556) ( .  0557) ( . 0558) 

par i t y  - . 0289* . 97 1 5  - . 0301* . 9703 
( . 0089 ) ( . 0089 ) 

child aurviYala - . 5909* . 5538 
( . 1 296 ) 

Per i od  1 ( G-2 110ntba )  

cona t ant -2 . 371* . 0934 -2 . 160* . 1 1 53 -1 . 597* . 2025 
( . 056 1 )  ( . 0846 ) ( . 1484 ) 

Per iod 2 ( 3-5 .onth a )  

conat ant -2 . 5 1 1* . 08 1 2  -2 . 297* . 1 005 -1 . 727* . 1 778 
( . 0640 ) ( . 0908 ) ( . 1 535 ) 

Period 3 (6-1 1 .ontha) 

cona t ant -2 . 285* . 1 018 -2 . 07 1* . 1"260 -1 . 496* . 224 1 
( . 05 5 2 )  ( . 0848 ) ( . 1 5 1 3 )  

Per iod 4 ( 1 2- 1 7  .ontha) 

cona t ant -2 . 4 1 8* . 0891 -2 . 205* . 1 102 -1 . 627* . 1966 
( . 0876 ) ( . 1 086 ) ( . 1664 ) 

Pe riod 5 ( 1 8-23 .ontb a )  

cona t ant -2 . 465* . 0850 -2 . 238* . 1066 -1 . 657* . 1908 
( . 1 226 ) ( . 1403)  ( . 1893)  

Per iod 6 ( 24+ .ontha )  

cona t ant -2 . 791* . 06 1 3  -2 . 562* . 0772 -1 . 973* . 1 391 
( . 1 7 1 9 )  ( . 1853 ) ( .  2258 ) 

log 1 ike 1 ihood -5524 . -55 1 9 .  -55 1 0 .  

N • 1908 

Note a :  

a Ind icator var i able : 1 -ye a . 
S t andard errore are in parenthe aea . 
* ind icate• aianificance at the . 05 leve l . 
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46  

could no t  be reestimated for each cohor t o f  women , and 

the s tatistical package used does not permit age to be 
treated properly as a time-varying covar iate . The issue 
therefore rema ins unresolved . 

Model 3 adds a dummy var iable indicating whether th e 
c hild survived past age two . The coefficients of this 
var iable are of the same s ign and are statistically 
s ignificant in both countr ies , but the estimate for COsta 
Rica i s  nearly 50 percent greater than that for Colombia . 
Th e corresponding hazards are shown in Pigure 7. The top 
panel in the f igure graphs the results for Colombia , and 

the bottom those for Costa Rica . The scale has been 
adj usted for the mean par ity and mean education of the 
woman and her husband . The solid l ine g ives the hazard 
for women whose ch ild surv ives past age two--that is , 
well past the usual weaning t ime--and who do not l ive in 
an urban area . When we compare the two countr ies , ther e 
i s  a tendency among women who have not yet s topped breast­
feeding to atop between 18 and 23 months in Colombia and 
between 6 and 11 months in Costa Rica . The dashed l ine 
shows the estimated hazard for women who l ive in urban 
a reas and whose children survive . The dotted line shows 
the hazard for women whose children do not survive . 
Cl ear ly, breaatfeeding durations are much shor ter for 
these children in Costa Rica , where durations of breas t­
f eed i ng are already r elatively shor t .  I t  was not poss ible 
to obtain more detailed information on the interactions 
of child �r tality and breaatfeeding from these data, for 
reasons already c i ted ; however , in both countr ies , child 

mor tali ty is lower among children who are breastfed than 
among all children , even in Costa Rica ,  where mor tality 
in general is quite low. 

Ta bles 7 and 8 g ive the estimated coef f icients for the 
equation pred icting contraceptive discontinuation . These 
r esults are d isplayed graphically in Pigure 8. Model 1 
includes the effec ts of the background covar iate& alone . 
Hu sband ' s  education is s tatistically s ignificant in both 
countr ies , while urban residence is s ignif icant only i n  
Co lombia . Th is is no longer the case when other covar i­
ate& are added (Models 2 and 3 ) . I n  the larger models , 
h usband ' s  education is no longer s ignificant; urban 
residence becomes s ignif icant in Colombia , reache s 
border line s ignif icance in Costa Rica , and is associated 
with longer durations of use . This last effect is larger 
i n  Colombia than in Costa Ric a ,  poss ibly due to the 
greater concentration of family planning effor ts in urba n 
a r eas in Colombia .  Model 2 adds par ity ,  des ire for an 
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add i t ional ch i ld , and contracept ive me thod . All thr e e  

v ar iables are statis tically s ignif icant i n  both countr ies . 
Higher par ities ar e assoc iated with longer durat ion of 

u se in both countr ies , and the coeffic ients are abou t the 
same s i ze . Women who des ire an add i tional ch ild and 
those who use a co itus-d ependent me thod tend to use for 
shor ter durat ions , these ef fects ar e somewhat larger i n  
Co s ta Rica than i n  Colomb ia .  When br eas tfeed ing and ch ild 
surv ival wer e added , ne i ther var iable was statis tically 
s ignif icant in e i ther coun tr y .  

Model 4 conta ins terms for the interact ion o f  des ir e 

f or an add i tional ch ild and me thod of contr aception with 
subper iod to see how the shape of the hazard is mod i f ied 
b y  each of these covar iates . These r esults are pr esented 
graph ically in Pigur e 8 .  As before , the r esults for 
Co lomb ia are g iven by the top panel and those for Costa 
Rica by the bottom panel . The scale for Costa Rica has 
b een expanded to show the deta i l J  the level of d i scon­

t inuat ion is therefore cons ider ably h igher in Colombia . 

Th e shape of th e discontinuat ion cur ves is quite d i ffer­
ent for the two countr ies . The solid l ine g ives the 

e s timated hazard function for women who use co itus­
independent contr aception and who do not des ire add i t iona l 

c h ildr en . In Colomb ia , h igh d iscontinuat ion r ates for 

these women ar e concentrated in the f ir s t  3 to 5 month s 
o f  use . In Cos ta Rica , the curve is not only lower , but 
much flatter , although somewha t h igher discont inuatio n 
r ates can be found in the f i r s t  year of use . The l ine of 
dashes and dots shows the estimated hazard for women who 
u se a co i tus-dependent method and who do not want an 
add i t ional ch ild .  I n  Colomb ia , d iscont inuat ion rates ar e 
r elat ively h igher for durat ions of use under 18 months , 
then drop to join those for the coi tus- independent 
methods . In Cos ta Rica , the d iscontinuat ion r ates are 
r ela t ively h igh at rather shor t durat ions of use , moderat e 
a t  intermed iate durations , and quite h igh for dur ations 
longer than 18 months . The two dashed l ines g ive th e  
e s timated hazards for each o f  the two c lasses o f  methods 
for women who des ire an add i t ional ch i ld .  I n  Colomb ia , 
the pr inc ipa l effect of th is var iable is to sh ift the 
curve upward by about the same amount at all durat ions . 
In Cos ta Rica , for each set of me thods , i t  is on ly after 
durat ions of use of one year or mor e that the d iscontinua­

t ion curve for women who des ire an add i tional ch ild 
cons is tently d iverges from that of women who do not . 

Th is s ugges ts th at in Cos ta Rica , for durat ions of use of 
one year , women who want an add i tional ch ild are as l ikely 
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TABLE 7 Est imates for Contraceptive Discontinuat ion : Colombia 

Model 1 Model 2 Model 3 Model 4 

c oe f f .  ant i log coe f f .  ant i log coe f f .  ant i log coe f f .  ant i log 

work s ince . 0597 1 . 061  . 0 1 32 1 . 0 13  . 0243 1 . 025 . 02 10 1 . 021 
mar r i age 8 ( . 1 140 ) ( . 1 145 ) ( . 1 147 ) ( . 1 147 ) 

work away - . 0234 . 9769 - . 0380 . 9627 - . 0508 . 9505 - . 0464 . 9547 ... 
from home 8 ( . 1 33 7 ) ( . 1 344 ) ( . 1 347 ) ( . 1 347 ) OD 

woman ' s  - . 0081 . 9919  - . 0340 . 9665 - . 0363 . 9644 - . 0367 . 9640 
educ a t ion ( . 0204 ) ( . 021 1 )  ( . 021 2 )  ( . 02 1 2 )  

husb and ' s  . 0071 1 . 007 - . 0039 . 9961 - . 0039 . 9962 - . 0023 . 99 7 7  
educat ion ( . 0166 ) ( . 0169 ) ( . 01 7 0 )  ( . 01 7 0 )  

urban - . 3065* • 7 360 - . 2953* . 7443 - . 2964* . 7435 - . 2865* . 7509 
rea idence 8 ( . 102 9 )  ( . 1031 ) ( . 1031 ) ( . 1030 ) 

par i ty - . 1 026* . 9025 - . 1020* . 9030 - . 1031* . 9021  
( . 01 99 )  ( . 01 99 )  ( . 0199 ) 

de s i re add i t ional . 4304* 1 . 538 . 4395* 1 . 552 
chi ldren8 ( . 0 1 99 )  ( . 01 2 3 )  

coi tus-dependent . 3975* 1 . 488 . 3929* 1 . 48 1  
cont race pt ion8 ( . 0852 )  ( . 085 3 ) 
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breas t feed ing8 - . 2323 . 7927  - . 2277  . 7963 
( . 1453 ) ( . 1454) 

ch i ld survival - . 0 180 . 9822 - . 0220 . 9 782 
pas t age two8 ( . 1 7 7 3 )  ( . 1 774 ) 
Per iod 1 ( 0-2 month s )  

cons t ant -3 . 845* . 0214 -3 . 537* . 0291 -3 . 305* . 0367 -3 . 273* . 0379  
( . 1496 ) ( .  2049 ) ( . 2841 ) ( . 3384 ) 

de s i re add i t ional - . 0995 . 9053  
chi ldren8 ( .  2830 ) 
c o i t u s-dependent . 6445* 1 . 905 
cont racept ion ( .  2761 ) 
Per iod 2 ( 3-5 month s )  ... 

\&) 
. cons t ant -3 . 766* . 0232 -3 . 452* . 03 1 7  -3 . 2 19 . 0400 -3 . 054* . 0472  

( . 1 5 1 2 )  ( . 2063 )  ( . 2855 ) ( . 3277 ) 
de s i re add i t ional . 2750 1 . 31 7 
c h i ldren8 ( . 2678 ) 
c o i t us-dependent . 1 957  1 . 2 1 6  
cont race pt ion8 ( . 2587 ) 
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de s i re add i t ional 
c h i ldren8 

c o i t us-dependent 
c ont racept ion• 

Per iod 6 ( 24+ month s )  

cons t ant 

de s i re add i t ional 
chi ldren• 

c o i tus-dependent 
contracept ion• 

log l ike l ihood 

N • 1 1 86 

No t e s : 

-4 . 325* 
( . 1 104 ) 

. 01 32 

-3027 . 

-3 . 91 3* 
( . 181 9 )  

. 0200 

-298 2 . 

a Ind i c a t or var iab le : 1 • ye a . 
S t andard errors in parenthe se s . 
* ind i c ates a i gn i f 1 c ance at the . 05 leve l . 

-3 . 677* 
( . 2694 ) 

. 0253 

-2981 . 

. 6460* 1 . 908 
( . 3148 ) 

. 1820 1 . 200 
( . 31 28 )  

-3 . 692* . 0249 
( . 2756 ) 

. 6532* 1 . 92 2  
( . 1 340 ) 

. 2572 1 . 293 
( . 1 2 7 5 )  

-297 3 . 
Ut 
.... 
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TABLE 8 Estimates for COntraceptive Discont inuat ion :  COsta Rica 

. Mode l  1 Model 2 Model 3 Model 4 

coe f f .  ant i log coe f f .  ant i log coe f f .  ant i log coe f f .  ant i log 

work s ince - . 0168 . 9833 . 0821 1 . 086 . 07 28 1 . 076 . 0701 1 . 073 
marr i age 8 ( . 145 7 )  ( . 1460)  ( . 146 5 )  ( . 1464 ) 

work away . 0790 1 . 082 . 0669 1 . 069 . 0841 1 . 088 . 0805 1 . 084 Ul 
from home 8 ( . 1 59 1 )  ( . 1 580 ) ( . 1 590 ) ( . 1 589 ) N 

woman ' s  . 0065 1 . 007 - . 0382* . 9625 - . 0385 . 9622 - . 0390* . 96 1 8  
educat ion ( . 0148 ) ( . 01 5 3 )  ( . 0153 ) ( . 0153 ) 

husb and ' s  . 0284* 1 . 029 . 0 184 1 . 019  . 0183 1 . 019  . 0206 1 . 02 1  
educat ion ( . 01 28 )  ( . 0 1 30 )  ( . 0 1 3 1 ) ( . 01 30 )  

urban - . 0899 . 9 140 - . 1 7 50 . 8395 - . 1 731  . 84 1 1  - . 1 7 20 . 8420 
re s idence • ( . 0940 ) ( . 0940 ) ( . 094 1 )  ( . 0938 ) 

par i t y  - . 1 244* . 8830 - . 1 252* . 8823 - . 1 267* . 88 1 0  
( . 0 2 1 5 ) ( . 02 1 5 )  ( . 02 1 6 ) 

de s i re add i t ional . 6 169* 1 . 853 . 6233* 1 . 865 
ch i ldren8 ( . 086 1 )  ( . 086 1 )  

c o i t us-dependent • 7006 2 . 015  • 7046* 2 . 023  
cont race p t ion• ( . 0898 ) ( . 0900 ) 
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b re aat feed ing• . 1 503 1 . 16 2  . 16 1 5  1 . 1 7 5  
( . 1 084 )  ( . 1086) 

chi ld aurv ival - . 1 648 . 8481 - . 2032 . 8 1 6 1  
paa t ag e  two• ( . 21 1 1 ) ( . 21 1 6 )  

Per iod 1 ( 0-2 montha ) 

c ona t ant -4 . 391* . 0 1 24 -3 . 604* . 0272  -4 . 274* . 01 39 -3 . 989* . 0185  
( . 1 504 ) ( . 2089 ) ( . 287 2 )  ( . 3856 ) 

de e i re add i t ional - . 0440 . 9569 
c h i l dren• ( .  2687 ) 

c o i t ua-dependent . 8623* 2 . 369 
c ont racept ion ( . 3092 )  

Per iod 2 ( 3-5 montha ) 

c ona t ant -4 . 300 . 01 36 -3 . 504* . 0300 -4 . 1 74* . 01 54 -3 . 959* . 0 1 9 1  
Ul 
w 

( . 149 5 )  ( .  2088 ) ( . 2876 ) ( . 3792 ) 

dea ire add i t ional . 3407 1 . 406 
c h i ldren• ( . 2695 ) 

c o i tua dependent . 6796* 1 . 973  
c ont rac e p t ion• ( . 2902 )  
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TABLE 8 (cont inued ) 

Mode l 1 Mode l 2 Mode l 3 Mode l 4 

coe f f .  ant i l og c oe f f .  ant i log coe f f . ant i log coe f f .  ant i log 

Per iod 3 ( 6-1 1 months ) 

cons t ant -4 . 505* . O l lO -3 . 699* . 0247 -4 . 369* . 0 127  -3 . 968* . 0189 
( . 1 295 ) ( . 1954 )  ( . 27 7 6 )  ( . 3305 ) 

des i re add i t ional . 1 748 1 . 19 1  Ut 
children• ( . 2203)  .. 

c o i t us dependent . 5389* 1 .  7 1 4  
c ont racept ion• ( . 23 2 2 )  

Per iod 4 ( 1 2-1 7 mont h s )  

const ant -4 . 762* . 0085 -3 . 951* . 0 192 -4 . 620* . 0098 -4 . 359* . 0 128  
( . 1499 ) ( .  2 101 ) ( . 288 2 )  ( . 3704 ) 

de s i re add i t ional . 4941 1 . 639 
chi ldren• ( . 27 3 2 )  

c o i t us dependent . 4734 1 . 605 
cont racept ion• ( .  2783 )  

Per iod 5 ( 1 8-23 months ) 

c ons t ant -4 . 393* . 0 1 24 -3 . 574* . 0280 -4 .  242* . 0144 -4 . 380* . 01 2 5  
( . 1 36 7 )  ( .  201 3 )  ( . 28 1 3 )  ( . 37 1 2 )  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

C o m p a r a t i v e  A n a l y s i s  o f  F e r t i l i t y ,  B r e a s t f e e d i n g ,  a n d  C o n t r a c e p t i o n :   A  D y n a m i c  M o d e l
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 4 7 5

http://www.nap.edu/catalog.php?record_id=19475


des i re add i t i onal 
c h i l dren• 

coi t us dependent 
cont racept i on• 

Per i od 6 ( 24+ mon t h s )  

cons t ant 

de s i re add i t i onal 
c h i ldren8 

c o i t us dependent 
contracept ion• 

-4 . 7 1 7* 
( . 0929)  

. 0089 

log l ike l ihood -3330 . 

N • 1302 

No t e s : 

a Ind i c a t or var iable : 1 • yea . 
S t andard error s in parenthe s e s . 

-3 . 8 18* 
( . 1 72 9 )  

. 0220 

-3238 . 

* ind i c at es s igni f i c ance at the . 05 leve l . 

-4 . 483* 
( . 26 1 0 )  

. 0 1 1 3  

-3237 . 

. 5256* 1 . 69 1  
( .  2420 ) 

1 . 0 1 3* 2 . 75 3  
( . 2726)  

-4 . 690* . 0092 
( . 275 9 )  

. 9903* 2 . 692  
( . 1 250)  

. 7 252* 2 . 06 5  
( . 1 288 ) --

-3225 . U1 
U1 
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F IGURE 8 Hazard Funct ions with Covar iates for 
Contr acept ive Discontinuation 
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5 7  

to discontinue as other wome n  and may use contr aception 
for spacing purposes . Th is is not the case in Cola.b ia , 
where those who want an additional ch ild are more l ikely 
than other w�n to discontinue at all dur ations . Thus 
the pattern of contraceptive use is quite different in 
the two countr ies . 

HAZARD MODELS POR OONCEP'l'ION 

F i gure 9 displays the es tiaated h azard functions for 
conceptions for Colombia and Cos ta Rica . These hazar d s  
h ave been es timated w ithout ccwar iates and contain the 
same information as the s urvivor functions discusse d  
e ar lier . Th e  hor izontal line shows the results o f  
assuaing a constant hazard over the entir e  b i r th  interval 1 
the curved l ines show the es timated hazards when they are 
allowed to vary over the eigh t  subper iods def ined ear lier , 
the solid l ines represent es timates for Cola.bia , and the 
dashed l ines those for Costa Rica . The hor izontal l ines 
s ugges t that the interval froa b ir th  to next conception 
is s l ightly shor ter in Colombia than in Cos ta Rica . Th e 
curved l ines r eveal that , al though the conception rate is 
slightly h igher for very shor t interval lengths in Cos t a  
Rica , i t  is so•what lower at longer interval lengths , 
and the two curves converge after 36 101ths . In gener al , 
h owever , the es timated curves for the two countr ies are 
quite s imilar . 

Tables 9 and 10 g ive the es timated coefficients for 
the equation predicting conception r ates . These results 
are displayed gr aph ically in Figure 10 . As before , the 
analys is proceeds with the progres s ive addition o f  
v ar iables . Recall that demogr aph ic var iables s uch as 
par ity and behavior al var iables such as contraceptive 
method , duration of use , and duration of breas tfeeding 
are expected to have the greatest impact on concept ion 
r ates . The background var iables , which descr ibe social 
and economic ·s tatus , are expected to have li ttle impac t 
apar t from their influence on the intermediate var iables . 
Model 1 shows the effect of the background var iables 
a lone . In both countr ies , only ur ban r es idence is s tatis­
t ically s ignificant , and the two est imated coe fficien ts , 
a long with their s tandard error s , h ave near ly the s ame  
value in bo th  countr ies . Our pr ev ious r esul ts  would 
s ugges t th at th is effect is oper ating pr imar ily through 
contraception or br eastfeeding pract ices . However , 
s ubsequent models show that i t  pe r s is ts  even after these 
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h (t) 

. o r  

3 8 1 2  1 8 

58 

C olombi a  

C oeta Rica 

24 36  48 t 

FIGURE 9 Hazard Funct ions for Live-Birth Conception s  

o ther var iables are added . Model 2 adds contraceptive 
method and par ity .  Use o f  e i ther coitus-dependent or 
c oitus- independent contraception lengthens the t ime to 
next conception . The impact of coi tus- independent 
c ontr aception is near ly tw ice that of coitus-dependent 
contraception in both countr ies , but the impact of e i th e r  
s et of aethoda is greater in Costa Rica than i n  Colombia . 
This result holds when other var iables are added to the 
model , suggesting that contr aceptive eff icacy aay be 
greater in Costa Rica ( see Goldman et al . ,  1982) . Highe r 
p ar ities are associated with longer intervale in both 
countr ies , and the estimated coeffic ients are close i n  
v alue . 

Model 3 removes the background covar iate& and adds the 
full set of t ime-varying intermed iate var iables . Model 4 
r eturns the background var iables to the model . Likelihood 
ratio testa show that , although the effect of the back­
g r ound var iables is small , i t  is statistically s ignifi­
cant . A compar ison of Models 3 and 4 r eveals that few 
c oeffic ients change when the background var iables are 
added . As already noted , among the background var iables , 
only ur ban res idence is s tatistically s ignificant . Figure 
10 d isplays the impact of the time-varying covar iates 
f r om  Model 4. The r esults for Colombia are in the upper 
panel and those for Costa Rica in the lower panel . Th e 
s olid l ine g ives the estimated hazard for women who do 
not breaatfeed and do not contracept J th is corresponds to 
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5 9  

the • natur al fer tility •  l ine i n  D iag r am 2 with gestation 
s ubtr acted from all inter vals . Al though the shapes of 

the hazards for the two countr ies accord moder ately well , 

that for Costa Rica s uggests an unexpected r ise in the 
interval 3 to 5 months . As expected from pr ev ious b io­

me tr ic r esearch r ev iewed ear lier , the impact of breast­
feed ing is mor e marked at dur a t ions of less than one 
y e ar , a fter wh ich the two cur ves converge , wh ile the 
largest impact is for dur a t ions of under 3 months . Th e 

d otted l i ne ,  wh ich shows the case wher e the ch ild does 
not s urv ive , is most useful for compar ison . For example , 

i f  a ch ild wer e br eastfed for 6 months and then died ,  the 

r isk of conception for i ts mother would be the dashed lin e 
for the f i r st 6 months and the dotted l ine ther eafter . 

The estimated ef fects of th i s  var i able ar e rather larger 

t h an expected , par t icular ly at very shor t dur ations . Some 
of th i s  e f fect may be due to the tendency of shor t b ir t h 

i nter vals and h igh infant mor tal ity to be mutually r e in­
for c ing in a manner that is not comple tely captured by 
e i ther breas tfeed ing or contr acept ive behav ior . The two 

lowest l ines in each panel show the concept ion r a tes for 

women who contr acept . The var iable ind icating contr acep­
tive me thod sh i f ts the hazard to a very low level in both 

countr ies 1 the time-varying covar iates act pr inc ipally to 

rear r an ge the shape of the hazard s ligh tly so that the 
e ffect of contr acept ion is not a s imple propor tional 

sh i f t  of the solid line .  Th is is par ticular ly noticeabl e 

i n the last s ubper iod ( 24+ months ) ,  wher e the hazard for 
contr acept ing women levels off from its downward cour se . 

T h e  s imilar ity of these r es ults for the fer til ity 
equat ion in the two countr ies is s tr ik ing ,  par ticular l y 
i n  l igh t of the behav ior al d i f fer ences shown by the models 

of br eastfeed ing and contr acept ion discussed e ar l ier : 
not only are the s igns on many of the coefficients the 
same but many of the coeff icients are close in magni tude . 
Al though d i f fe r ent propens ities and dur ations of br eas t­
feed ing and contr acept ion ar e used to obtain close to th e  
s ame level of fer tility ,  the impact of a par ticular 
behav ior is near ly the same . Th i s  r e inforces the ide a 

e xpr essed ear l ier that th is por tion of the model accesses 
fundamental b iome tr ic aspects of fer t i l i ty ,  wher eas th e 

o ther por tions of the model ar e mor e beh av ior al in natur e .  
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TABLE 9 Coeffic ient Est imates for the Fertility Equat ion : Cola.bia 

Hodel 1 Hodel 2 Hodel 3 Hodel 4 

c oe f f .  ant i log c oe f f .  ant i log coe f f .  ant i log coe f f .  ant i log 

work s ince - . 0095 . 9906 - . 0210 . 9792 - . 0394 . 9614 
marri age • ( . 0701 ) ( . 0702 ) ( . 0703 ) 

work away - . 0036 . 9964 . 0088 1 . 009 . 0273 1 . 028 
froa home • ( . 0860 ) ( . 0860 ) ( . 086 1 )  

woaan ' •  - . Ol l 1  . 9890 . 0031 1 . 003 . 0006 1 . 00 1  
educat ion ( . 01 28 )  ( . 0132 ) ( . 0133 ) 

husband ' s  - . 0092 . 9909 - . 0089 
0\ 

. 99 l l - . 0 1 21 . 9879 0 
educat ion ( . 01 1 3 )  ( . Ol l 7 )  ( . 0 1 1 8 )  

urban - . 2375* . 7886 - . 1 503* . 8605 - . 1 5 19* . 8591  
res idence • ( . 0583 )  ( . 0587 ) ( . 0593 )  

c o i t us- independent -1 . 1 38* . 3204 -1 . 189* . 3045 -1 . 141* . 3 196 
cont racept ion• ( . 0790)  ( . 1328 )  ( . 1 337 ) 

c o i t us-dependent - . 5672* . 5671  - . 6337* . 5 306 - . 58 19* . 5589 
c ont racept ion• ( . 0694 ) ( . 1 27 1 )  ( . 1 28 5 ) 

par i t y  - . 1 04 1* . 90 1 1  - . 1 008* . 9041 - . 1 068* . 8987 
( . 0098 ) ( . 0095 ) ( . 0098 ) 

Pe r iod 1 ( 0-2 months ) 

c ons t ant -4 . 601* . 0100 -3 . 860* . 02 1 1  -2 . 1 56* . 1 1 58 -2 . 010* . 1 340 
( . 1 236 ) ( . 1 365 )  ( . 2976 ) ( . 3005 ) 
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breas t feed ingb - . 9047* . 4047 - . 9354* . 3924 
( .  3 248 ) ( . 3255) 

cont racept ionc . 1 747 1 . 1 9 1  . 1820 1 . 200 
( . 3603 )  ( . 3602 ) 

c h i l d  surv ivalb -1 . 180* . 3074 -1 . 1 5 1 *  . 3163 
( . 3659 ) ( . 3668 )  

Per i od 2 ( 3-5 months ) 

c ons t ant -3 . 807* . 0222 -3 . 056* . 0471 -2 . 474* . 0842 -2 . 337* . 0966 
( . 0895 ) ( . 1067 ) ( . 286 1 )  ( . 289 1 )  

brea s t feedingb - . 1379 .87 1 2  -1 . 723 . 841 7 
( .  2 1 26 )  ( . 2 1 29) 

cont racept ionc . 1670 1 . 182 . 1679 1 . 183 G\ 
( .  2387 ) ( . 2387 )  .... 

c h i l d  surv ival b - . 6545* . 5 197  - . 6 168 . 5396 
( . 3252 )  ( . 3256 ) 
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TABLE 9 (cont inued ) 
Mode l 1 Mode l 2 Mode l 3 Mode l 4 

coe f f . ant i log coe f f . ant i log coe f f . ant i log coe f f . ant i log 

Per i od 3 ( 6-1 1 months ) 

con s t ant -3 . 607* . 02 7 1  -2 . 830* . 0590 -2 . 493* . 0826 -2 . 352* . 095 2 
( . 0666 ) ( . 0890 ) ( .  206 2 )  ( .  2 1 07 ) 

b rea s t feed ingb 
- . 2 1 35 . 807 7 - . 2539* . 7 758 
( . 1 238 ) ( . 1 245 ) 

contracept ionc 
- . 004 1 . 9959 - . 0092 . 9908 
( . 1 801 ) ( . 180 1 )  

c h i l d  surv ival b 0\ 
- . 33 1 1  • 7 18 2  - . 2951  . 7445 N 
( . 2 1 38 )  ( . 2 145 ) 

Per iod 4 ( 1 2- 1 7  months ) 

cons t ant -3 . 483 . 0307 -2 . 675 . 0689 -2 . 706 . 0668 -2 . 566* . 0768 
( . 0690 ) ( . 09 14 )  ( . 2 1 7 9 )  ( . 22 1 9 )  

brea a t feed ingb 
. 0614  1 . 063 . 0147 1 . 0 1 5  

( . 1 229 ) ( . 1 239) 

c ontracept ionc 
- . 0004 . 9996 - . 0073 . 9928 
( . 1802)  ( . 1803 ) 

c h i l d  surv ival b 
- . 1 149 . 8 9 1 5  - . 0783 . 9247 
( .  2 2 1 7 )  ( . 2222)  

Per iod 5 ( 1 8-23 month s )  

cons t ant -3 . 566 . 0283 -2 .  722* . 0657 -2 . 8 10* . 0602 -2 . 676* . 0688 
( . 0775 ) ( . 0987 ) ( .  2736 ) ( . 2764 ) 

Copyright © National Academy of Sciences. All rights reserved.

Comparative Analysis of Fertility, Breastfeeding, and Contraception:  A Dynamic Model
http://www.nap.edu/catalog.php?record_id=19475

http://www.nap.edu/catalog.php?record_id=19475


breas t feed ingb . 0285 1 . 029 - . 00 1 2  . 9988 
( . 1 606 ) ( . 16 1 1 )  

c ont racept i onc - . 7241* . 4847 - . 7 254* . 4842 
( .  2203 ) ( .  2204) 

c h i l d  survival b 
. 1 299 1 . 1 39 . 1 581 1 . 1 7 1  

( . 2790) 
Per iod 6 ( 24+ months ) 

( .  2794)  

cons t ant -4 . 437 . 0 1 18 -3 . 583* . 0278 -4 . 000* . 0 183 -3 . 875* . 0208 
( . 0592 ) ( . 0855 )  ( . 1623 ) ( . 1666 ) 

b rea s t feed ingb - . 2638 . 7681 - . 2707* . 7628 
( . 1 323)  ( . 1 328 ) 

c ont racept ionc . 1 562 1 . 169 . 1654 1 . 180 
( . 1476 ) ( . 1478) 

ch i l d  surv ival b . 2990 1 . 348 . 3467* 1 .414 
( . 1607) ( . 1 6 14)  

l og l ike l ihood -8248 . -806 1 . -8026 . -8019 . --
N • 2925 

Not e s : a Ind i c a t or var iable : l •ye s . 
b Time-varying ind icator var i ab l e : 
c Time-vary ing ind i c a t or var i ab le : 

l•yes in period p and al l prev ious per iods , p- 1 , • • •  , 6 . 
l •yes in period p, p• l , • • • , 6 .  

S t andard errors are in parentheses . 
* ind ic a t es s i gn i f i c ance at the . 05 leve l . 

0\ 
w 
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TABLE 10 Coefficient Batimatea for the Fertility Equation : Costa Rica 

Model 1 Model 2 Model 3 Model 4 

coe f f . aot i loa coe f f . aot i loa coe f f . aot i loa c oe f f . aot i loa 

work s ince . 01 94  1 . 020 . 0527 1 . 054 . 0625 1 . 064 
mar r i age • ( . 0849 ) ( . 085 1 ) ( . 0853 ) 

work away - . 0855 • 9 181 - . 0764 . 9265 - . 0786 . 9244 
from home 8 ( . 0980 ) ( . 0976 ) ( . 0979 ) 

woman ' s  . 0041 1 . 004 . 0020 1 . 002 . 0021 1 . 002 
educat ion ( . 0108 ) ( . 0 1 1 2 )  ( . 01 1 2 )  

G\ 

husband ' s  - . 0042 . 9958 - . 0122 . 9879 - . 01 13 . 9888 
.. 

educat ion ( . 0095 ) ( . 0096 ) ( . 0096 ) 

urb an - . 2 2 1 3* . 8015 - . 2344* . 7910 - . 2455* . 7823 
re s idence • ( . 0623 ) ( . 0632 ) ( . 0636 ) 

c o i t us-independent -1 . 348* . 2596 -1 . 468* . 2304 -1 . 456* . 2331 
cont racept ion• ( . 0807 ) ( . 1302 ) ( . 1304 )  

c o i t us -dependent - .  7 1 93* . 4871 - . 9014* . 4060 - . 8307 . 4358 
cont racept ion• ( . 0628 ) ( . 1 209 ) ( . 1 21 7 )  

par ity - . 0934* . 9 108 - . 0810* . 9222 - . 0941* . 9 102 
( . 0 103 ) ( . 009 7 )  ( . 0103)  

Per iod 1 ( 0-2 months)  

const ant -4 . 356* . 0 1 28 -3 . 386* . 0338 -2 . 830* . 0590 -2 . 687* . 0681 
( . 1 149 ) ( . 1331 ) ( . 507 1 )  ( . 5090 ) 
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b reas t feed ingb 
- . 928 1 *  . 3953 - . 9459* . 3883 
( .  2294 )  ( .  2295) 

cont racept ionc 
- . 4360 . 6466 - . 4353 . 647 1 
( .  3386) ( . 3387 ) 

c h i l d  surv ival b 
. 0329 1 . 033 . 0884 1 . 092 

( . 5238 )  ( . 5239) 

Pe r iod 2 ( 3-5 month s )  

cons t ant -3 . 894* . 0204 -2 . 899* . 0551  -2 . 318* . 0985 -2 . 1 74* . 1 137  
( . 0965 )  ( . 1 18 1 )  ( .  3241 ) ( . 32 7 3 )  

breaa t feed ingb 
- . 6 1 32* . 5416  - . 6481 *  . 5230 
( . 1841 ) ( . 1 844) 

c6nt racept ionc 
- . 24 1 2  . 7857 - . 2435 . 7839 
( .  2418)  ( . 2418)  

0\ 
ch i l d  surv ivalb 

- . 3448 . 7084 - . 2780 . 7573 
Ut 

( . 3402 ) ( . 3407 )  
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TABLE 10 (cont inued ) 
.otodel 1 Mode l 2 Mode l 3 Mode l 4 

coe f f . ant i loa coe f f . ant i loa coe f f . ant i loa coe ff . ant i loa 

Pe r iod 3 ( 6- 1 1  mon th s 

cons t ant -3 . 799* . 0224 -2 . 769* . 0627 -2 . 461* . 0854 -2 . 305* . 0998 
( . 0742 ) ( . 1014)  ( . 2524 ) ( . 2567 ) 

b re a s t feed ingb 
- . 1083 . 8974 - . 1 6 1 3  . 85 1 1  
( . 1 314) ( . 1 3 1 9 )  

crl 
c ont racept ionc - . 104 1  . 901 1 - . 1 1 58 . 8907 crl 

( . 1 781 ) ( . 1 782) 

ch i l d  aurv iva lb . . 3955 . 6733 - . 3325 . 7 1 7 1  
( . 2570) ( . 2574) 

Per iod 4 ( 1 2- 1 7  months ) 

cons t ant -3 . 740* . 0238 -2 . 668* . 0694 -2 . 529* . 0797 -2 . 372* . 0933 
( . 07 7 2 )  ( . 1043 ) ( . 2765 ) ( . 2802 ) 

b reas t feed ingb 
. 2470 1 . 280 . 1844 1 . 202 

( . 1447 ) ( . 1455 ) 

c ont racept ionc 
- . 3492 . 7052 - . 3637 . 6951 
( . 1863) ( . 1$64) 

ch i l d  surv ivalb 
- . 2689 . 7642 - . 209 1 . 8 1 1 3  
( . 2788) ( . 2792) 
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Per iod 5 ( 1 8-23 month s )  

con s t ant -3 . 908* . 0201 -2 . 804* . 0606 -2 . 829* . 0591 -2 . 685* . 0682 
( . 0880 ) ( . 1 1 3 2 )  ( . 3414)  ( . 344 2 )  

breas t feedingb . 1 920 1 . 21 2  . 1 314 1 . 140 
( . 2307 ) ( . 23 1 1 )  

c ont racept ionc - . 0238 . 9765 - . 0385 . 9622 
( . 1 954) ( . 1 955) 

c h i l d  surv ival b - . 1467 . 8636 - . 0766 . 9262 
( .  3448) ( . 345 1 )  

Per iod 6 ( 24+ months ) 

c on s t ant -4 . 57 1* . 0 1 04 -3 . 458* . 0315  -3 . 931* . 0 1 96 -3 . 779* . 0228 
( . 0587 ) ( . 0928 ) ( .  2008 ) ( . 206 1 )  G\ 

..... 
breas t feed ingb . 030 1 1 . 031 -. 0413  . 9596 

( . 1 7 10 )  ( . 1 7 1 7 )  

c ont racept ionc . 4922* 1 . 636 . 4825* 1 . 620 
( . 1 394) ( . 1 395 ) 

c h i l d  surv ival b . 0668 1 . 069 . 1452 1 . 1 56 
( . 1 9 1 7 )  ( . 1 921 ) 

log like l ihood -7607 . -7397 . -737 1 . -7358 . --
N • 247 2  
Not e s : a Ind i c a t or var iab l e : l •ye s . 

b T ime-varying ind i c a t or var i ab l e : l•ye s in per iod p and al l previous per iods , p- 1 , • • •  , 6 . 
c Time-varying ind i c a t or var iable : l •yes in pe r iod p , p• l , • • • , 6 . 
S t andard errors are in parenthe ses . 
* ind icates s igni f i c ance at the . 05 leve l . 
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St14MARY OF RESULTS 

Al though the level of fer tility is quite s iailar in 
Colombia and Costa Rica , contraceptive prevalence i s  
g reater and duration of use longer in Costa Rica, while 
breaatfeeding is sore co..on and durations longer in 
Co lombia . Moreover , aortality is lower in Costa Rica 
than in Colombia . In addition,  the soc ial and economic 
c limates of the two countr ies differ in some r espects z 
Colpmbia is somewhat sore urbanized , but educationa l 
a ttainment for both men and women is higher in Costa 
Rica , wh ile female labor force par ticipation appears to 
b e about the same in both countr ies . 'l'be analys is 
descr ibed in th is paper has three stages a first, soc ia l 
and economic character istics of the woman and her husband 
are used to predict the propens ity to breastfeed and the 
propens ity to contraceptJ second , dynamic models of the 
duration of breaatfeed ing and the duration of contracep­
t ive use , incorpor ating information about other exper i­
ences in the birth interval , are estimated , finally, 
c onception rates are modeled using information about the 
timing of breastfeed ing , contraception , and child 
mor tality . 

A l though breastfeeding is near ly universal in Colombia ,  
and common but not universal i n  Costa Rica , i n  ne ither 
country do the social and economic var iables descr ibing 
education , place of res idence , or exper ience in the labor 
force serve as good predictors of whether or not a woman 
will breastfeed . Such background character istics ar e 
more successful in predicing the propens ity to use 
contraception . Although contraceptive prevalence is 
cons iderably h igher in Costa Rica than in Colombia , the 
impact of soc ial and economic var iables is much greate r 
i n  the latter country; th is is consis tent with the idea 
that the success of the Costa Rican family planning 
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effor t baa no t  been conf ined to par ticular soc ial o r  
econcaic str ata . Nevertheless , i n  bo th  countr ies , 
better-educated and urban W08en are .ore likely to us e 
contraception. 

Th e .adela of duration of breaatfeeding and duration 
of contraceptive use reveal t.por tant regular ities as 
well aa behavioral differences between Coloabia and Costa 
Rica . Aa noted earlier , durations of breaatfeeding ar e 
longer and durations of contraceptive use aborter in 
Coloabia than in Costa Rica . Nevertheless , in both 
c ountr ies , higher education of the woaan or of her husband 
and urban residence are associated with aborter durations 
o f  breaatfeecting . Child survival ia associated with 
longer durations of breaatfeeding , but the iJipact of a 
child death ia aucb greater in Costa Rica, where durations 
of breaatfeeding are relatively abort. A8 for contra­
c eptive use , not only are durations longer in Costa Rica , 
but alao the pattern of use ia quite different , suggesting 
d ifferences in the decision-making process . There are 
aa.e aiailar i ties , in both countr ies , for ex.-ple , 
better-educated and urban voaen contracept longer . These 
longer durations of use by urban vo.en are particularly 
aarked in Coloabia, wbicb may be due to a greater 
concentration of family planning effor ts in urban areas . 
Th e  differences become .ore apparent when aethod and 
des ire for an additional child are considered . In both 
countr ies , wc.en wbo use coitus-dependent aethods and 
those wbo desire an additional child have h igher discon­
t inuation r ates than other woaen . Among women using 
coitus-independent •thods , in Coloabia , discontinuatio n 
r ates are h igher and concentrated in the first 3 to 5 
aonths of use , in Costa Rica , these rates are much lower , 
a nd peak discontinuation is spread over the first year of 
use . S iai lar ly ,  in Coloabia , W08en us ing coitus-dependent 
aethods abow relatively h igh rates of discontinuation in 
the f irst year and a half of use , whereas in Costa Rica , 
d iscontinuation r ates for these methods are h igher for 
abor t and for very long durations of use . I n  Costa Rica , 
d iscontinuation rates for voaen who des ire an additional 
child do not diverge s ignif icantly from those of wo.e n  
who do not until after 1 8  .onths o f  use, i n  Coloabia , 
discontinuation rates are shifted upward for voaen 
d esir ing an additional child for all durations of use 
greater than 3 .onths . This suggests that in Costa Rica ,  
women who des ire add itional ch ildren may use contracep­
tion for spacing purposes , whereas in Coloabia , spac ing 
between births is obtained through near-universal 
breastfeed ing , although perhaps not intentionally . 
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I n  spite o f  these str iking differences i n  breaatfeeding 
and contraceptive behavior , the t.pact of each of these 
two var iables on conception rates is r ... rkably s iailar 
in the two countr ies , and generally agrees with expecta­
t ions baaed on previous bia.etr ic research . Oae of 
contraception drastically abifta the conception rat e 
downward . The t.pact of breastfeeding on conception 
rates is �M>at marked at abor t durations and diainiabea a s  
expected. In addition , background character istics , with 
the exception of urban residence , have little t.pact on 
f er tility except through contraceptive uae . However , 
although child .or tality abould influence fer tility by 
a lter ing breastfeeding and contraceptive behavior , we 
find that it continues to have a cons iderable t.pact on 
conception rates , particular ly at abor t interval lengths . 
This suggests that infant �M>r tality and abor t birth 
i ntervals are autually reinforcing in ways not captured 
by the var iables included in the .adel . Tbua , the .adel 
d eveloped here is capable of revealing behavioral dif­
ferences in breaatfeeding and contraception, aa well as 
describing bia.etr ic regular ities in their t.pact on 
fer tility .  I t shows the details of bow two quite 
d ifferent countr ies have attained close to the saae level 
of fer tility through quite different behavioral 
mecbanisu . 
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APPENDIX 
RESULTS FOR PERIOD StJBGiOOPS 

The IIOdels descr ibed in the final results were r eea ti­
Mted for subgroups of the en tire saaple selected for: th e  
analys is . Because intervals far ther •ay from th e  survey 
date are less and less representative , the per iod vas 
r es tr icted to the �M>re and 110re recent pasta intervals 
begun s ince 1960 , s ince 1965 , and s ince 1970 . All 
equations were reestiMted for these per iods .  

LOGISTIC REGRESS ION MODELS POR THE P�PENSITY TO 
B REASTPEED AND FOR THE PROPENSITY TO USE 
CONTRACEPTIC* 1 ESTIMATES BY PERIOD 

Tables Al and A2 give the r esults for the propensity to 
breastfeed and the propensi ty to contracept , respectively ,  
w ith IIOdels es timated for bir th intervals from progr es­
s ively res tricted calendar per iods . These resul ts should 
b e  compared to Table 4 in the main text . InforMtion on 
breastfeeding and con traception is res tr icted to the las t 
closed and the open bir th intervals . These intervals ar e 
spread over the per iod froa 1960 to 1976 . Since it is 
l ikely that breas tfeeding vas decl in ing and contr aception 
incr eas ing in both countr ies over th is per iod ,  there i s  
s on.  concern that r es ul ts  us ing all intervals MY not be 
representative . Indeed , the next-to-last row of Table Al 
shows that ,  as the per iod of analys is is res tr icted to 
the progress ively moc e  recent past , a larger fraction of 
won.n ar e breastfeeding in neither the las t closed nor 
the open interval in both Colombia and Cos ta Rica , bu t 
the changes ar e r elatively SMll . The r es ul ts for 
con traception are much less clear . Th is is in par t du e 
to the fact that only information fr an the las t  closed 
and open b ir th interval is used . Con traception is 
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TABLE A . l  Logistic Regression for Probability of 
Breastfeeding by Period 

COLOIIIIIA COSTA llCA 

dace dace e iace dace dace dace 
1960 1965 1970 1960 1965 1970 

coaet eat 3 . 667* 3 . 826* 3 . 1145* 1 . 680* 1 . 560* 1 . 769* 
( . 2457 ) ( . 2672 ) ( . 305 3 )  ( . 1313)  ( . 1392 ) ( . 1913)  

-rlt dai• - . 0280 - . 0964 - . 3809 . 4022 . 4753 . 1859 
-rri•a• ( .  3116)  ( . 3378 ) ( . 3802 ) ( . 2684) ( . 2848 ) ( . 3720 ) 

-rk nay - . 0174 - . 3059 . 1066 - . 4039 - . 3984 . 0642 
fr- a-• ( .  3530 ) ( . 3762 )  ( . 4529 ) ( . 3009 ) ( . 3257 ) ( .4464) 

- · ·  - . 0409  - . 0324 - . 0377 . 0169 .0188 . 0391 
educat ioa ( . 0499) ( . 0522) ( . 0627 ) ( . 0288 ) ( . 0308 ) ( . 0429) 

buebaad ' e  - . 0707 - . 0979* - . 1 166* - . 0424 - . 0334 - . 1 1 53* 
educat ioa ( . 04 1 3 )  ( . 0431 ) ( . 0527 ) ( . 0248 ) ( . 0268 ) ( . 0369 )  

urbea - . 6302* -. 7 1 53* - . 8630* - . 0765 - . 1750 - . 1 746 
reeideace• ( . 2772)  ( . 2949 )  ( . 3329) ( . 1 7 1 3 )  ( . 1845 ) ( . 2614 ) 

Model r 27 . 17 36 . 27 32 . 87 8 .42 7 . 55 16 . 72 
df 5 5 5 5 5 5 

predict be . 683 . 683 . 671  . 337 . 315 . 303 
accuracy 

I DOt 6 .0 6 . 2  6 . 7  1 7 .4 . .  1 8 . 5  1 9 . 8  
breaet feediaa 

w 1538 1334 877 1319 1099 565 

Wotee : a ladicetor ••riable : 1-.,ee . 
Steadard errore are iD pareatbeeee . 
* iadicatee etat i e t icel eiaai ficaace et the .05 lne 1 .  

concentrated in the open interval , and the use of 
contraception markedly lengthens these intervals . Thus 
the longer intervals that star ted in the earlier per iod 
tend to be associated with contraceptive use r conversely , 
abor t intervals will have begun .ore recently and will 
not be associated with contraceptive use . Therefore, 
there is no clear trend in the propensity to use 
c ontraception in the intervals exaained . 

I n spite of the al ight decline in breastfeeding and 
t he absence of trends in contraception , the coeff icient 
estimates in Tables Al and A2 show remarkably little 
change as the per iod of analys is is restr icted . In the 
case of breastfeeding , two changes are apparent , and 
these apply only to the aost restr icted case (since 
1970) a in Colombia , the coeff ic ient on urban residenc e 
b ecomes s ignificant' in both Colombia and Costa Rica, the 
coeffic ient on husband ' s  education becomes s ignif icant . 
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TABLE A. 2 Logistic Regression for Probability of Using 
Contraception by Period -- -

COLOIIIIIA COSTA UCA 
eiDce dllce dDCe dllce e illce dDCe 
1960 196S 1970 1960 196S 1970 

colla t ot - . 9791* - . 8794* - . 9237* . 8288* . 8832* . 8340* 
( . 1097)  < . 1 1S S )  ( . 1 348 )  ( . 13 1 1 ) ( . 1460 ) ( . 2018)  

work dDCe . 1 372 . 0409 . OSS9 . OSS6 . 023S - . 1062 
-rriaaea ( . 1632 ) ( . 1 722 ) ( . 2014) ( . 2234) ( . 2366 ) ( . 3208 ) 

work ..,.., - . 2SSS - . 22S3 - . U8S . OS34 . SS66 . 6924 
fr- '-a ( . 2067 ) ( . 2219)  ( . 2698 ) ( . 2741 ) ( . 3213)  ( .46S2)  

- · ·  . 2 19S* . 2037* . lSOS* . oaas• . 0813* . oaas• 
uucat ioll ( . 0329 ) ( . 0348 ) ( . 041 1 )  ( . 0324) ( . 0362) ( .OS03) 

huabaod ' a  . 1 223* . 1 142* . 1 228* . 0182 . 0131 - . 0040  
educat ioll ( . 029S ) ( . 0312)  ( . 037 1 )  ( . 0283 ) ( . 031 2 )  ( . 0440 )  

urball . 8 1 14* . 8583* . 7S07* . S700* . 4931* . 8402* 
reeideDce ( . 1 262) ( . 1 329) ( . 1 S76) ( . 184S) ( . 2101 ) ( . 3260) 

Model 'I! 299 . 67 236 . 19 120 . 0S 49 . 4S 43 . 81 30 . 72 
df s 5 s s 5 s 
predict ive . tao . 165 . 103 . 341 . 352 . 339 
accurac y 

I llOt 38 .4 38 . 8  46 . 0  18 . 3  17 .8  18 . 9  
colltracept iq 

If 1538 1 334 877 1319 1099 56S 

� a Illdicator variable : 1-yea . 
Stalldard errore are ill parelltheaea . 
* Illdicatea atatiatical ai&Dificallce at the . 05 level . 

Thus in the JK>re recent per iod , there are larger soc ial 
a nd  econoaic differentials in breastfeeding behavior than 
are indicated by the full suple results . In the case of 
contraception , the coeff icient on woaen • s  education drops 
froa being statistically significant at the . OS level to 
being of border line significance , but the change in the 
size of the standard er ror is small and aay be 
a ttr ibutable to tbe reduced sample s ize . 

HAZARD MODELS POR 'l'BBMIAN'l'ION OP BREAS'l'PEBDING AND 
CON'l'RACEP'l'IVB DISCONTINUATION : ESTIMATION BY PERIOD 

Tables A3 through A6 gave the estiaated coeffic ients for 
the hazard models for duration of breastfeeding and 
duration of contraceptive use .  These results should b e  
compared to the f inal column i n  Tables 5 and 6 i n  the 
main text . Again , the results are remarkably robust to 
the elimination of intervals from the increas ingly distant 
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'l'ABLB A. 3 COeffic ient Batt.atea for 'l'emlnation of 
Breaatfeeding by Period s COlOIIbla 

•bee 1960 -'- 1965 •i- 1970 

coeff . aat iloa coe ff.  aat iloa coeff. aat iloa 

-rlt 8i�e - . 0594 . 9423 - . 0595 . 9423 . 0519 1 . 053 
-rri ... ( . 0652) ( . 0714)  ( . 0951 ) 

-rlt _., - . 0030 . 9970 . 0 1 59 1 . 016 - . 1 571 . 1546 
fr- �e ( . 0792) ( . 0115 )  ( . 1 266 ) 

- · ·  . 0679* 1 . 070 . 0603* 1 . 062 . 0490* 1 . 050 
... ucet iOD ( . 0 1 1 6 )  ( . 0127 ) ( . 0164) 

buab ... ' a  . 0132 1 . 013 . 0114 1 .019 . 0462* 1 . 047 
... ucat iOG ( . 0099) ( . 0101 ) ( . 0144 ) 

urbaa raa idaacea . 2572* 1 . 293 . 2926* 1 . 340  . 3099* 1 . 363 
( . 0527 ) ( . 0560) ( . 0727) 

parity - . 0265* . 97 31  - . 0293* . 9711  - . 0411* . 9524 
( . 0014) ( . 0090 )  ( . 0127 ) 

cbild aurori¥11 - . 4407* . 6436 - . 4577* . 6327 - . 4457* . 6404  
peat .. two ( . 0946 ) ( . 1041 ) ( . 1314) 

Pariod 1 (G-2 -tba) 

cOGataat -2 . 271* . 1025 -2 . 234* . 107 1 -2 . 267* . 1036 
( . 1 207 ) ( . 13 1 7 )  ( . 1670 ) 

Period 2 ( 3-5 -tba) 

coutat -2 . 194* . 1 1 14 -2 . 117* . 1 122 -2 . 214* . 1092 
( . 1223)  ( . 1349) ( . 1701 ) 

Period 3 (6-1 1 -tba) 

coutaat -1 . 993* . 1 363 -1 . 911* . 1379 -2 . 001* . 1352 
( . 1 191 ) ( . 1 301 )  ( . 1653 ) 

Period 4 ( 1 2-1 7 -tba ) 

cODataat -2 . 053* . 1 214 -2 . 025* . 1 320 -1 . 190* . 1 5 1 1  
( . 1 33 2 )  ( . 1451 ) ( . 1131 ) 

Period 5 C l l-23 -tba ) 

coaataat -1 . 131* . 1603 -1 . 130*  . 1604 -1 . 643* . 1934 
( . 1449) ( . 1595) ( .  2034) 

Period 6 (24+ -atba) 

coaat aat -2 ·. 5 13* . 0110 -2 . 5 14* . 0109 -1 . 967* . 1 391 
( . 1153) ( . 2034) ( . 3162)  

loa l ike l ihood -6225 . ·5259 . -3000 . 
• 2 1 54 1154 1 145 

� a ladicator var iable : 1-,.ea . 
S t aadard errore are ia pareatheaea . 
* iad icatea atat iat ical •iaaificaace at the .05 level . 
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TABLB A.4 coefficient Batiaatea for �raination of 
Breaatfeeding by Period : Coata Rica 

- · ·  
eclucet ioa 

huebeDd ' e  
eclucet ioa 

urb.a 
reeideace• 

parity 

ch ild eurvivel 
peat .. e two• 

Period 1 (G-2 .oathe) 

CODe teDt 

Period 2 ( 3-5 .oath e )  

CODe teDt 

Period 3 ( 6-1 1 .oDthe) 

CODeteDt 

dace 1960 
coeff. .at iloa 

- .  0630 • 9319 
( . 0769 ) 

. 0133 1 . 017 
( . 0916)  

. 0395* 1 . 040 
( . 1019) 

. 0125 1 . 013 
( . 0093) 

. 1 390* 1 . 149 
( . 0583 )  

- .  0286* • 9718 
( . 0091 ) 

-. 5683* • 5665 
( . 1328) 

-1 . 636* . 1947 
( . 1528 ) 

-1 . 764* 
( . 1580) 

. 1 713  

-1 . 521* . 2 169 
( . 1555 ) 

Period 4 ( 1 2-17 .oDtbe)  

CODetaDt -1 . 672* . 1878 
( . 1 7 1 7 )  

Period 5 ( 1 8-23 .oDtbe) 

cone teat 

Period 6 ( 24+ .oatbe)  

cone teat 

loa likel ihood 

• 

-1 . 686* . 1853 
( . 1944 )  

-2 . 024* . 1 322 
( . 2342 ) 

-51 1 6 .  

1 777 

dDCe 1 965 

coeff. ADt iloa 

- . o32a . t6n 
( . 014 1 )  

. 0146  1 . 018 
( . 1033) 

. 0360* 1 . 037 
( . 0 1 1 2 )  

. 0160 1 . 016 
( . 0103 ) 

. 1091 1 . 1 1 5  
( . 065 7 )  

- . 0275* . 9729 
( . 01 00 )  

- . 5461* . 5788 
( . 145 5 )  

-1 . 632* . 1955 
( . 168 2 )  

-1 . 813* . 1632 
( . 1747 ) 

-1 . 566* • 2019 
( . 1 708 ) 

-1 . 727* . 1 778 
( . 1889)  

-1 . 679* . 1866 
( . 21 1 7 )  

-2 . 080* • 1 250 
( . 27 1 2 )  

-4082 . 

1434 

� e Indicator for variable : 1-yee . 
S t.adard errore ere in pareatbeeee . 

dDCe 1970 

coeff. ADtiloa 

- . 0217 . 9785 
( . 1279) 

. 1540 1 . 166 
( . 1625 ) 

. 0222 1 . 023 
( . 0176)  

. 0273 1 . 028 
( . 0160) 

. 0546 1 . 056 
( . 1011 ) 

- . 0580* . 9437 
( . 0150) 

- . 7595* . 4679 
( . 2201 ) 

-1 . 263* • 2828 
( . 2514)  

-1 . 394* • 2482 
( . 26 1 5 )  

-1 . 206* • 2994 
( . 2579) 

-1 . 076* • 3410 
( . 2769) 

-1 . 021* . 3579 
( . 3210)  

-1 . 361* . 2564 
( . 5724 )  

-187 1 . 

697 

* iDd icatee etat i e t ical eiaai ficaace at the .05 level . 
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past a although the ebape of the huard is neceuar ily 
aodified a8 the longer intervals are eliainated , the 
signs , aagnitude , and statistical significance of th e  
coefficients reaain r aarkably stable . '!'ables Al and A4 
g ive the r esults for duration of breutfeed ing .  Aacog 
those var iables which are statistically s ignificant for 
the full sa.ple , only urban residence passes into insig­
n ificance , and tbat only in Costa Rica in the aost r ecent 
per iod . Tables AS and A6 g ive the results for duration 
of contraceptive use . In ColOIIbia , the coefficient on 
urban residence is not significant in the aost recent 
per iod ,  whereas it is s ignificant when tbe full sa.ple is 
analyzed . I n  Costa Rica , it is no longer significant 
once the longest intervals ( those which began before 
1960) have been eliainated . Tbe coeffic ients an th e 
v ar iable indicating des ire for additional ch ildren , wh ich 
are allowed to vary vi th subper iod of the interval of 
use, becc.e sc.evbat unstable as the per iod is r estr icted .  
The coeff ic ients on tbe var iable indicating that tbe 
aethod used is coitus-dependent increase in absolute 
value as the per iod is restr icted , par tly because th e  
longer intervale i n  tb e  ear lier per iods aay be tb e  result 
of lang and effective use of tbese Mtbods , as already 
noted in the main text. 

HAZARD MODELS !'OR LIVE-BIR'l'B COHCBPl'IONS a BSTIMATBS BY 
PERIOD 

Tables A7 and A8 g ive tbe es tiaated coefficients for the 
aodel of conception rates . These results ebould be 
ca.pared to tbe final coluan in Tables 9 and 10 in tbe 
aain text. As vitb tbe results already discussed in tb i s 
appendix , ther e are few notable changes as tbe sa.ple is 
progress ively restr icted . The ebape of the hazard 
n ecessar ily changes as longer intervals are eliainatedJ 
however , tbe signs , aagnitude , and statistical signifi­
c ance of tbe coefficients generally r ... in stable . In 
Coloabia , urban res idence is no longer significant when 
the longest intervals ar e removed and only those begun 
s ince 1960 are examined J in Costa Rica , tb is is tbe cue 
when tbose begun before 1965 are eliminated . Th is 
suggests tbat tbe longest intervals from tbe ear lies t 
per iod ar e associ ated vitb bir ths to urban women . The 
impact of use of contraception diminishes as tbe per iod 
i s  r estr ictedJ however , as noted ear lier , tb is may be an 
ar tifact of longer intervals from earlier per iods being 
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the result o f  efficient use . Th is is more .arked fo r 
coitus-dependent than for coitus- independent .. thods . 
Similar ly , and probably for the same reasons , the iapac t 
o f  breastfeeding diminishes as intervals are restr icted 
to the more recent put . In contrast, the coefficients 
on the time-varying aspect of contr aception increase u 
the per iod of analys is is r estr icted , perhaps because of 
r espondents ' better r ecall of the more recent past. 'J.'he 
coeffic ients indicating child survival show no cons isten t 
pattern of change in either country, despite considerable 
mor tality decline OYer the per iod . 
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TABLB A. S Coeffic ient Batiaatea for COntraceptive 
Discontinuation by Per iod s OOlOIIbia 

dace 1 960  dace 1 965 dace 1970 

coeff.  utiloa coeff. ut iloa coeff.  ut iloa 

vortt . d�e . 0 1 20  1 . 012 . 0205 1 . 021 .,- . 0669 . 9353 
.. rrtqe ( . 1 165 ) ( . 1268 ) ( . 1668 ) 

-"' .. .., - . 0266 . 9737 . 02,. 1 . 030 . 2224 1 . 249 
fr- "- a ( . 1382) ( . 1 5 1 6 )  ( . 2040 ) 

- · ·  - . 0364 . 9643 - . 0241 . 9762 . 0348 1 . 035 
educat ion ( .0218)  ( . 0230 ) ( . 0284 ) 

lauabud ' a  - . 0014 . 9986 - . 0080  . 9920 - . 0356 . 9650 
educat ioa ( . 01 7 3 )  ( . 0186 )  ( . 0250 ) 

urbu - . 2384* . 7879 - . 2567* . 7 736 - . 1 779 . 8370 
reddence • ( . 1033 ) ( . 1070) ( . 1325 ) 

par ity - . 1055* . 8998 - . 1 147* . 8917 - . 0920* . 9121  
( . 0200 ) ( . 0209 ) ( . 0286 ) 

bre .. t feedina• - . 1840 . 8320 - . 2306 . 7941 .0144 1 . 015  
( . 1472) ( . 1 569) ( . 1965) 

child aurvivll - . 0010 . 9990 - . 0066 . 9935 - . 3750 . 6873 
put ... two ( . 1774) ( . 1893 ) ( . 2491 ) 

Period 1 (G-2 -tha)  

coaatant -3 . 363* . 0346 -3 . 142* . 0432 -3 . 252* . 0387 
( .  3422 ) ( . 3567 ) ( . 48 1 5 )  

dea i re  •id i t i onal - . 0599 . 9419 - . 1922 . 8251 - . 1 593 . 8527 
chi ldren ( . 2850 ) ( . 2985) ( . 3594 ) 

coitua-dependtnt . 6331* 1 . 883 . 5791* 1 .  784 . 6605 1 . 936 
contracept ion ( . 2697 ) ( . 2744 ) ( . 3491 ) 

Period 2 ( 3-5 -the ) 

cona tant -3 . 1 30* . 0437 -2 . 952* . 0523 -2 . 744* . 0643 
( . 3308 ) ( . 3483) ( . 452 1 ) 

deaire addit ional . 2701 1 . 310 . 1858 1 . 204 . 1412  1 . 1 52 
chi ldren• ( . 2679) ( .  2789) ( .  3263) 

coitua-deP!ndtnt . 2377 1 . 268 . 21 73 1 . 243 . 0023 1 . 002 
cont racept ton ( . 2588 ) ( . 2680) ( . 3200 ) 
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'l'ABLB A. 5 (continued) 

dace 1960 

coe ff . ut i loa 

Period 3 (6-1 1 .aotha ) 

CODetUt 

deeire •fdit ioaal 
children 

coitua-depeadlat 
contracept ion 

-3 .430* . 03%4 
( . 31 1 8 )  

. 3564 1 . 4%8 
( . % 146 ) 

. 5010* 1 . 650 
( . %107 ) 

Period 4 ( 1 %-1 7 .oatha) 

CODa taDt 

deeire �dit ioaal 
children 

coitua-deP!DdlDt 
coatracept 1oa 

-3 . 840*  . 0%15 
( . 3498 ) 

. %148 1 . %40 
( . %689 ) 

. 9053* % . 473 
( . %700 ) 

Period 5 ( 1 8-%3 .oatha)  

coaatut 

deaire addit ional 
children• 

coitua-depeadlat 
contracept ion 

Period 6 ( %4+ .oatha)  

coaatut 

deaire addit ional 
children• 

coitue-depeadeat 
contracept ion• 

loa likel ihood 

• 

-3 . 863* . 0%10 
( . 3643 ) 

. 58%5 1 .  790 
( . 3194 )  

. 1910 1 . %10 
( . 3170) 

-3 . 774* . 0%30 
( . %796 ) 

• 6464* 1 .  909 
( . 137 1 )  

. 3513* 1 . 4%1 
( . 1306 ) 

-2165 . 

1 1 5 1  

dace 1965 

coe ff . ut iloa 

-3 . 3%0* . 0361 
( . 33%5) 

. 3491 1 . 419 
( . %%%8) 

. 5561* 1 .  744 
( . %193) 

-3 . 648* . 0%60 
( . 3680 ) 

. 1 175 1 . 1%5 
( . %104) 

. 9490* % . 513 
( . %713 ) 

-3 . 781* . 02%8 
( . 3949 ) 

. 5%47 1 . 690 
( .  3514 ) 

. %069 1 . %30 
( . 3501 ) 

-3 . 490* . 0305 
( . %97 6 )  

. 5 167* 1 . 676 
( . 15%1 ) 

• 3410* 1 .  406 
( . 1443 ) 

-2456 . 

1006 

� a Indicator variable : 1-yee . 
Standard errore are in pareatheaea . 

dace 1970 

coef f .  ut iloa 

-3 . 041*  . 0475 
( . 439 1 )  

. 0347 1 . 035 
( . %81 3 )  

. 3763 1 . 457 
( . %7 1 7 )  

-3 . 143* . 0431  
( .4615 )  

- . 3177 . 7%71 
( . 3233 ) 

1 . 004* 2 .  730 
( . 3173)  

-3 . 5%4* . 0295 
( . 5331 ) 

. 3666 1 . 443 
( . 44 1 6 )  

. 3044 1 . 356 
( .4314) 

-% . 6%6* . 0724 
( . 4146 ) 

. 0148 1 . 015  
( . 2%4% )  

.4315 1 . 539 
( . 2194 )  

-1%98 . 

57 1 

* indicate• atat iat ical aiaaificaace at the .05 level . 
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TABLE A. 6 Coeffic ient Estimates for Contraceptive 
Diacontinuation by Period s Costa Rica 

dace 1 960  dace 1965 aiace 1970 

coeff. -t ilOI coeff . at ilOI coeff. et il01 

-rlt d�e . 0437 1 . 045 . 0955 1 . 100 . 2058 1 . 228 
-rriaae ( . 1519)  ( . 1647 ) ( . 23 1 5 )  

-rlt _.., . 0947 1 . 099 . 0862 1 . 090 . 0393 1 . 040 
fr- �• ( . 1655) ( . 1809 ) ( . 2582) 

- · ·  - . 0394* . 9614 - . 0444* . 9655 - . 0747* . 9210 
eclacat iOD ( .0159)  ( . 0173)  ( . 0242 )  

buaba ' a  . 0 1 36  1 . 014 . 0043 1 . 004 . 0346 1 . 035 
eclucat iOD ( . 0136 ) ( .0144) ( . 0200 ) 

urba - . 1 100 . 1958 . 0403 1 . 041 . 0978 1 . 103 
reddeace• ( . 0968 ) ( . 1043) ( . 1492)  

parity - . 1 374* . 8716 - . 1 259* . 8817 - . 1316* . 1767 
( . 0221 ) ( . 0227 ) ( . 0324 ) 

breaat feediaa• . 1 735 1 . 189 . 08 1 3  1 . 085 .0641 1 . 066 
( . 1 1 26) ( . 1 183) ( . 1546) 

child auniYil - . 1937 . 8239 - . 0828 . 9205 - . 9334* . 3932 
paat ap r- ( . 2203 ) ( . 2299 ) ( . 2931 ) 

PeriCMI 1 (G-2 -tba) 

couat-t -3 . 921* . 0198 -3 . 921* . 0197 -2 . 965* . 05 1 6  
( . 3920 ) ( . 40 1 5 )  ( . 5077 )  

deaire -fd i t ioaal - . 0575 . 9441 - . 0440 . 9570 . 1 515 1 . 164 
ch i ldren ( . 2688 ) ( . 21 1 7 )  ( . 3312)  

coitua-dependent . 9584* 2 . 607 . 9867* 2 . 682 1 . 093* 2 . 914 
contracept iODa ( . 3092) ( . 3146 ) ( .  3692 ) 

PeriCMI 2 ( 3-5 -tba)  

CODat-l -3 . 911* . 0 1 99 -3 . 866* . 0209 -2 . 586* •. 0753 
( . 3879) ( . 3985 ) ( . 4112)  

dedre -fdit ioaa1 . 3693 1 . 447 . 1807 1 . 191 . 0772 1 . 080 
children ( . 27 30 )  ( .  2199 ) ( . 3266 ) 

coitua-dependtnt . 7666* 2 . 1 53 . 1206* 2 . 272 . 9023* 2 . 46 5  
cODtracept ion ( . 2914) ( . 3056 ) ( . 3140 ) 
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TABLB A. 6 (continued) 

dace 1960 dace 1965 dace 1970 

coeff . antiloa coef f .  ant iloa coef f .  ant iloa 

hriocl 3 ( 6-1 1 -the ) 

c011etant -3 . 861* . 0210 -3 . 899* . 0203 -2 . 827* . 0592 
( . 3383 ) ( . 3503 ) ( .4548 ) 

deeire �dit ioaal . 0922 1 . 097 . 1 1 14 1 . 1 18 - . 1 202 . 886 7  
chi l drell ( . 2298 ) ( . 2399 ) ( . 3074) 

coitue-depeocllet . 5213* 1 . 684 . 6369* 1 . 891 . 9004* 2 . 461  
coetrecept iOD ( . 2378) ( . 2456 ) ( . 3145 ) 

PeriOII 4 ( 1 2-17  -the) 

c011etmt -4 . 263* . 0141 -4 . 278* . 0139 -2 . 747* . 064 1  
( . 3766 ) ( . 3923 ) ( . 4750) 

deeire �dit ioeel . 4370 1 . 548 . 4017 1 . 494 - . 1095 . 8963 
childrell ( . 2749 ) ( . 2946 ) ( . 3591 ) 

coitue-depelldlllt . 5689* 1 .  766 . 6375* 1 . 892 . 68 14 1 . 97 7  
coet racept ioe ( .  2798 ) ( . 2944 ) ( . 3574) 

Per iod 5 ( 1 8-23 -the 

coeetant -4 . 216* . 0148 -4 . 181* . 0 1 53 -2 . 877* . 0563 
( .  3764) ( . 38 54 )  ( . 5128 )  

deeire add i t ioeal . 3652 1 . 441 . 3431 1 . 409 - . 0965 . 9080 
child rea ( . 2479) ( . 2548) ( . 347 1 )  

coitue-depeedeet 1 . 042* 2 . 835 1 . 206* 3 . 340 1 . 456* 4 . 290 
coet racept iOD ( . 2761 ) ( . 2789) ( .  3753) 

hriocl 6 ( 24+ W)llthe ) 

coeeteet -4 . 636* . 0097 -4 . 582* . 0102 -2 . 573* . 0763 
( . 2869 ) ( .  3010) ( .4119 ) 

deeire addit ioeel 1 . 009* 2 . 744 . 9991* 2 .  716  . 5420* 1 . 7 1 9  
chi ldree ( . 133 7 )  ( . 1528) ( . 2498 ) 

coitue-depeedlllt . 7505* 2 . 1 18 . 8154* 2 . 260 . 8 104* 2 . 249 
coet racept ioe ( . 1331 ) ( . 1473)  ( . 2282 )  

loa like l ihoOII -2970 . -2474 . -1198 .  

• 1225 1035 536 

.!!!!!.!.. • Ioclicetor variable : l"}'ee • 
lt ... erd errore ere ill pereetheeee .  
* ioclicatee etetiet icel eiaeificaece at the .OS level . 
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TABLB A. 7 coeffic ient Betiaatee on the Pertility 
Bquation by Period s Colo.bia 

dace 1960 eiace 1965 dace 1970 
coeff. eat iloa coeff. aat iloa coeff . aat iloa 

-rlt ei�e - . 0237 . 9766 - . 0426 . 9512 - . 0633 . 9387 
urri ... ( . 0721 ) ( . 0773) ( . 0949) 
-rk .. .., - . 0420 . t51t - . 0346 . 9660 . 0851 1 . 090 
fr- ._. ( . 0184) ( . 0965) ( . 1243) 
- · e  . 0025 1 . 002 - . 0002 .tttl . 0010 1 . 001 
e4ucatioa ( .0138) ( . 0144 ) ( . 0179) 
hueb ... ' e  - . 0057 . 9943 - . 01 38  . 9863 - . 0051 . t94t 
e4ucatioa ( . 01 20 )  ( . 0125)  ( . 0163) 
urba - . 0935 . 9107 - . 0970 . 9076 . 07 76 . 9253 
ree ideace• ( . 0598) ( . 0627 ) ( . 0765 ) 
coitue-iade�eDt -1 . 201* . SOCII -1 . 054* . 3415 - . 8760* . 4164 
coat racept ioa ( . 1345 ) ( . 1368) ( . 1698) 

coitue-depeDdlDt - . 5984* . 5497 - . 4381* . 6448 - . 3078 . 7351 
coat racept ioa ( . 1 295 ) ( . 1334) ( . 1671 ) 

perity - . 1 245* . 8829 - . 1 274* . 8804  - . 0866* . 9 1 7 1  
( . oott ) ( . 0104) ( . 0132 ) 

Period 1 (G-2 -the) 

c-taat -1 . 851* . 1559 -1 . 687* . 1851 -1 . 903* . 1491 
( . 301 8 )  • ( . 3260) ( . 3824 ) 

breaet fHdiqb - . 9460* . 3883 -1 . 094* . 3350 - . 9414* . 3901 
( . 3233) ( . 33 1 7 )  ( . 3977) 

coatracept ioac . 1407 1 . 151  -. 0804 . 9227 - . 4389 .6448 
( . 3609) ( . 3786) ( . 4950) 

child eunbalb -1 . 201* . lOOt -1 . 1 14* . 3283 -1 . 190* . 3042 
( . 3639) ( . 3887 ) ( . 4631 ) 

Period 2 ( 3-5 -the) 

coaetaat -2 . 204* . 1 104 -2 . 259* . 1045 -2 . 247* . 1057 
( . 2899 ) ( . 3466 )  ( . 3t5t) 

breaet feediqb - . 1 370 . 8720 - . 1638 . 8489 -.4077 . 6652 
( . 2194)  ( . 2252) ( . 2577) 

cootracept ioac . 1273 1 . 1 36 - . 0679 .9344 - . 1771 .8377 
( . 2427 ) ( . 2510) ( . 3061 )  

child eunba1b - . 7057* .4938 - . 4699 .6251 - . 4972 . 6082 
( . 3276) ( . 3773) ( . 431 1 )  
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TABLE A. 7 (continued) 

eioce 1960 

coeff . aot iloa 

Period 3 (6-1 1 .ootha ) 

cooataat 

coot racept iooc 

-2 . 243* . 1062 
( .  2149 )  

- .  293.5* • 74.57 
( . 1 253) 

- . 0665 . 93.56 
( . 181 1 )  

- . 2627 . 7690 
( . 2 1 78) 

Period 4 ( 1 2-27 .ootha ) 

CODataDt 

breaat feedioab 

coot racept ioDc 

child aurvivalb 

-2 . 467 . 8049 
( . 23 1 5 )  

- . 0172  . 9829 
( . 12.59) 

- . 1048 . 900.5 
( . 182.5) 

- . 0246 . 9757 
( . 2318) 

Period 5 ( 1 8-23 .ootha ) 

cooataot 

breaat feediqb 

cootracept iooc 

Period 6 ( 24+ .ootha) 

CODetUt 

breaat feedioab 

cootracept iooc 

loa likel ihood 

• 
� 

-2 . 469* . 0847 
( . 2769) 

- . 029 1 . 9 7 1 3  
( . 1651 ) 

- . 8796* .41.50 
( . 2255) 

. 1 183 1 . 1 26 
( . 2795 ) 

-3 . 4.51* . 0317 
( . 1729) 

- . 1949 . 8229 
( . 1358) 

- . 0212  .9790 
( . 1494) 

. 2639 1 . 302 
( . 1646) 

-7502 . 

2780 

eiDCe 196.5 

coef f .  aot iloa 

-2 . 143* . 1 1 74 
( . 2403 )  

- . 4103* . 6635 
( . 1 322) 

- . 2765 • 7584 
( . 1894) 

- . 1 755 .8390 
( . 2407) 

-2 . 1 34 . 1 184 
( . 23.5 1 )  

- . 0530 .9484 
( . 1316)  

- . 2726 . 7614 
( . 1179) 

- . 1832 .1326 
( .  2327 ) 

-2 . 081* . 1 248 
( . 2897 ) 

- . 0102 . 9899 
( . 1 742) 

-1 . 096* . 3341 
( . 2364 )  

- .  9066 • 9080 
( .  2920) 

-2 . 911* . 0507 
( . 2036 ) 

-2 . 162 .8055 
( . 1489) 

- . 3014 • 7398 
( . 15.51 ) 

. 2642 1 . 302 
( . 1906) 

-6319.  

2407 

eioce 1970 

coef f .  aat i loa 

-2 . 524* . 010 1  
( . 32 1 7 )  

- . 5242* . 5920 
( . 1 588) 

- . 4491 . 6382 
( . 2362) 

. 1491 1 . 161 
( . 3193) 

-2 . 015 . 1 334 
( . 2543)  

- . 1280 . 1799 
( . 1547) 

- . 2781 . 7.573 
( . 2268) 

- . 3295 • 7 193 
( . 2486) 

-2 . 229* . 1076 
( .  3685) 

- . 01 18 . 9882 
( . 2036) 

- . 9894* . 3718  
( . 2854) 

- . 0250 . 9753 
( . 3723) 

-2 . 321* . 0975 
( . 27 1 5 )  

- . 0941 .9102 
( . 1874) 

- . 1881 .1285 
( . 1985) 

- . 0307 .9698 
( .  2623) 

-3805 . 

1534 

a Iodicator variable : 1-yea . 
b Ti.e-varJiDI iodicator variable : 1-yee iD period p aDd all previoua perioda , 

r1 , . . .  , 6 .  
c Ti.e-varyioa iadicator variable : 1-yea i1l period p, Jl'"l ,  • • .  , 6 .  
Staodard errore are io pareotheaea . 
* iodicatea atat iat ical aiaoi ficaoce at the .05 level . 
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'fABLB A. 8 coeffic ient Bati8atea on the Pertility 
Bquation by Period a Coata Rica 

dace 1 960  dace 1 965 dace 1970 

coeff. utilos coeff . utilos coeff. ut iloa 

-rlt d�· . 0327 1 . 033 . 0178 1 . 092 - . 0254 . 9749 
-rriaae ( . 0180 )  ( .0948 )  ( . 1360) 

-rlt -117 - . 0143 . 9191 . 0351 1 . 036 . 3290 1 . 390 
fr- �• ( . 1024 ) ( . 1 1 36 ) ( . 1727 ) 

- · ·  . 0019 1 . 002 - . 0186 . 9815 - . 0349 . 9657 
eclucatioa ( . 01 1 5 )  ( . 01 24 ) )  ( . 0179)  

h..-baad ' •  - . 01 54  . 9847 - . 01 13 . 9  ... -. 0004 . 9996 
eclucatioa ( . 0100 ) ( . 01 01 )  ( . 0160) 

urbu - . 1 332* . 8753 - . 0583* . 9434 - . 0349* . 9657 
reaideace• ( . 0662 )  ( . 0722)  ( . 1060) 

coitua-iadepeJdeat -1 .434* . 2383 -1 . 391* . 2489 -1 . 345* . . 2604 
coat racept ioa ( . 1318) ( . 1 388 ) ( . 1853) 

coitua-depeadlat - . 7364* .47U - . 5702* . 5654 - . 4081* . 6649 
coatracept ioa ( . 1 226 ) ( . 1312)  ( . 1 736 ) 

parity - . 1011* . 8975 - . 1 1 31* . 8930 - . 1 106* . 8953 
( .0105 ) ( . 0110)  ( . 0157 ) 

Period 1 (0-2 -tha) 

coaatut -2 . 597* . 0745 -2 . 710* . 0666 -2 . 973* • . 05 1 1  
( . 5091 ) ( . 5866 ) ( 1 .013)  

breut feediaa11 - . 9430* . 3894 -1 .001* . 3676 -1 . 1 79* . 3077 
( . 2306) ( . 24 1 1 )  ( .  3112)  

coat racept ioac - . 5209 . 5940 - . 59 1 7  .5534 - . 6029 . 5472 
( . 3389) ( . 3433) ( . 4157) 

child aurviva111 . 1 164 1 . 1 23 . 3683 1 .445 .8381 2 . 312 
( . 5246) ( . 6010) ( 1 . 022) 

Period 2 ( 3-5 -tha) 

coaatut -2 . 077* . 1 252 -2 . 201* . 1099 -1 . 723* . 1 786 
( . 3280) ( . 3897 ) ( .4661 )  

breaat feediaa11 - . 6335* . 5307 - . 6381* .5283 - . 6984* .4974 
( . 1882) ( . 199 1 )  ( . 2496) 

coat racept ioac - . 2912  . 7474 - . 4738 .6226 - . 5017 .6013 
( . 2430) ( . 2550) ( . 3020) 

child aurviva111 - . 2909 . 7476 - . 0092 . 9909 - . 1 906 .8265 
( .  3414) ( . 4020) ( . 4809) 
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8 7  

TABLB A. 8 (continued) 

Period 3 (6-1 1 .oothe ) 

cone tat 

coeff . ..t il .. 

-2 . 301* . 1002 
( . 2711)  

- . 2100 .1106 
( . 1 362)  

- . 2970 . 7430 
( . 1141 ) 

- . 1 935 .1240 
( . 2729) 

Period 4 ( 1 2-27 .oathe ) 

cooetat 

coatracept ioac 

-2 . 251* . 1045 
( . 2103 ) 

. 1120 1 . 200 
( . 1467 ) 

- .4951* .6091 
( . 1U2) 

- . 1561 .1555 
( . 2796) 

Period 5 ( 1 1-23 .oathe ) 

cone tat 

contracept ioac 

Period 6 ( 24+ .oatbe) 

coaetat 

coat racept ioac 

1 .. Hul ihoocl 

• 

!!!!!!. 

-2 . 560* . 0773 
( . 3442 )  

. 1161 1 . 205 
( . 2323) 

- . 1723 .1411 
( . 2001 ) 

- . 067 1  .9351 
( . 3463) 

-3 . 659* . 0251 
( . 21 2 7 )  

.0911 1 . 104 
( . 1 765) 

. 2967* 1 . 345 . 
( . 1420) 

. 3360 1 . 399 
( . 1993 ) 

-6744 . 

2309 

ei��ee 1965 

coeff . ..tiloa 

-2 . 143* . 1 173 
( . 2930 ) 

- . 2754 . 7593 
( . 1457) 

- . 5073* .6021 
( . 1957 ) 

- . 1519 .1531 
( . 2927 ) 

-2 . 140* . 1 177 
( . 3041 ) 

. 2337 1 . 263 
( . 1 554) 

-. 7 115* .4175 
( . 2009) 

- . 0957 .9017 
( . 3013)  

-2 . 394* • 0913 
( . 367 2 )  

. 2022 1 . 224 
( . 2455 ) 

-2 .455 • 7123 
( . 2144) 

- . 1215 ... 56 
( . 3613) 

-3 . 242* . 0391 
( . 2271 ) 

.0740 1 . 077 
( . 1 906 )  

. 1413  1 . 152 
( . 1510) 

. 2126 1 . 327 
( . 2 1 23 )  

-5416 . 

1901 

ei��ee 1970 

coeff . atiloa 

-1 . 923* . 1462 
( . 3979 ) 

-.4162* .6150 
( . 1930) 

- . 6274* .5340 
( . 2491 ) 

.0001 1 .000 
( . 3992) 

-2 . 007* . 1343 
( . 4637 ) 

- . 1213 .usa 
( . 2124) 

-.1601* .4221 
( . 2510) 

. 3096 1 . 363 
( . 4614) 

-1 . 745* . 1 747 
( .4619) 

. 1011  1 . 106 
( . 3007 )  

- .4117 .6177 
( . 2770) 

- . 1927 .1241 
( . 4679) 

-1 . 166* . 3 1 1 7  
( . 3300 ) 

.5309 1 .  700 
( . 2171) 

- . 0033 . 9967 
( . 2201) 

- . 9579* . 3137 
( . 3051) 

-2471 . 

956 

a Ind icator •ariabla : 1-yae . 
b Ti8e""?aryina indicator Yariable : 1-yee in period p and all preYioue periode , 

p-1 , . . .  , 6 .  
c Ti--yaryiq indicator Yariable : 1-yee in period p, Jl'"1 ,  . . .  , 6 .  
St andard errore are in pareotbeeee . 
* indicate• etat iet ica1 eiani ficaoce at the .05 le•el . 
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