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Tntroduction

In the past few years, there has been substantial progress in the
application of the economic theory of household decisionmaking to human
fertility behavior.1 As yet, however, the theoretical and empirical
scope of the economic theory of fertility has been quite limited; Oh-
served fertility behavior is regarded as the outcome of utility maxi-
mizing choices by couples in which the costs and éatisfactions assoclated
with the number and "quality" of children are balanced against the costs
and satisfactions of other activities unrelated to children. Theoretical
emphasis has been given to the effects of the costs of ﬁarental time and
money resources devoted to rearing children on the demand for the total
number of children in a static framework under conditions of certaintv.
Empirical work has focused on exnlaining variation in the number of chil-
dren ever born to women, who have completed their childbearing, as a

function of measures of the household's total resources and the opportunity

" cost of time, especially the value of the wife's time. Empirical results

have been of mixed quality. The value of the wife's time, as measured by
her potential market wape or her education, is almest alwavs found to have
a sipnificantly negative impact on completed fertility, but measures of

hushand's lifetime income are not always significant or consistent in sigh.

‘1For a recent collection of papers on the economic analysis of fer-
tilitv, and citations to earlier work, see T. W. Schultz, ed. (1973).

ZA number of explanations for the puzzling inconsistency of the
"income effect”" on fertility has been advanced, but it is probably
accurate to say that none has been universally accepted. See Becker (1960),
Becker and Lewis (1973), Ben-Porath (1973), Sanderson and Willis (1971),
Simon (1973) and Willis (1973).




One important ohfection to static theories of fertility is their | .

failure to deal with the implications of the simple fact that réﬁroduction

is a stochastic biological process in which the number and timing of births

and the traits of child;en {(e.g. sex, intelligence, health, etc.) are un-
certain and not sﬁbject to direct control. To control ferfility, a couple
can only attempt to influence the monthlv'probabiiity of conceptidn and,
piven conception, the probability that pregnancy will terminate in live
birth by altering sexual behavior, contracepting or resorting to abortion.
As recent work bv Ben-Porath and Welch (1972) stresses, this implies that
family fertility decisions are inherently sequential and that decisions
about further children are made in light of experience with previous
children. Moreover, a modest extension of this argument suggests that

uncertainty may surround the valuation process itself: until a family has

had one child it does not know what the costs and reﬁards of having a
second one w;uld be. Finally, it is e@ident that uncertainty cohcérning
fertility decisions and realizations adds to and interacts with uncertainty
surrounding other jointly determined household decisions about marriage and
divorce, consumption and éaﬁing, labor supplv and investment in human capi-
tal. |

In this paper, we report some initial results of é study in progress
whose goal is to develop an integrated theoretical and econometric model
of fertility behavior within a sequential stochastic framework. The prin-
cipal contribution of the paper is to the development of an appropriate
econometric methodology for dealing with some new econometric problems
that arise in such models. However, we also present in more tentative

form the rudiments of a theoretical model of sequential fertility choice

and some empirical estimates of the determinants of the monthly probability

of conception in the first birth interval which utilizes our econometric




methodology.

Recopnlzing the sequential and stochastic nature of family decisions,
Ben-Porath suggests that hThe oroper framework for dealing with all the
theoretical considerations [invelved in the ecoﬁomic analvsis of fertility]
is a dvnamic programming utilitv maximizing model with. the various risks
explicitly included.” (Ben-Porath, 1973,‘p. 187). 1In Section I, we formu-
late a very simple model of this type to characterize the way in which a
couple's contraception strateev evolves over its life cvcle as a function
of the cost of contraception, apge, parity, the time-paths of income and
the cost of children. 1In each month of the child bearing veriod (excluding
sterile periods following pregnancy), a couple’s contraception decision
is assumed to reflect (expected) utility maximizing choices in which the
costs of contraception are balanced against the utility associated with
each ﬁossihle_fertility outcome welghted by the probability of that out-
come. Unfortunately, analytic results are difficult to achieve in such
models, even with drastic simplification of the underlving structure of
familv decisionmaking. At its present stage of development, our theoretical
model serves mainlv to 1llustrate the stochastic structure in which fer-
tility deéisions are made and their consequenées realized,

lEven without a fully rigorous theory it is possible to utilize the
concentual framework of a stochastic the&ry of reproduction in order to
determine empiricaily at what stages of the family builﬁing process énd
through which channels economic variables affect realized fertility out-
comes. The full reproductive history of a woman (i.e. the timing of
each birth and contracentive choices in each birth interval) zan be used
topether with the associated economic history of her family in order to

investigate the impact of economic variables and accumulated experience

on the seaquence of contraception decisions beginning with marriage which
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determine the monthlv probability of conception and, hence, the proba-

bility distribution of the timing, spacing gnd total number of births.

In Section TI, we present methods to obtain consistent parameter
estimates of the effect of economic variables in modifying the monthly
nrobability of conception in the stochastic process. In order to ohtain
consistent ngrameter estimates, a number éfrnew econometric orﬁblems arise.
In particular, we demonstrate that it is important to account explicitly
for sources of‘sémple'variation, including variation among individuals
due to measured and unmeasured comngnents. To avoid bias, it is especially
important to take into account persistent variations in the monthly nroba-
bility of conception among individuals caused by unmeasured differences
in fecundity (i.e. the physiological capacity to repfoduce), frequency
of coition or efficiency of contraceptibn.which, in turn, are related to

omitted economic variables and family characteristics which determine .

health, the cost of contraception and the demand for children.

Bias arises when persistent variation 1s ignofed because of a selection
mechaniém,which confounds changes in the behavior of an "average” couple
in a sample causéd by.a change in an econoﬁic variable -— the relation-
shin we seek -- with cﬁanges in .the composition of the sample caused by
differential probabilities of conception. TFor exarple, the group of
women who bepgin a give# birth interval may have an average monthly probg—
bility of conception of 0.2. Ifrall women had identical probabilities,
the conditional probability of conception in the second month of women
who did not become pregnant in the first month would be 0,2. If they
are not identical, however, women who survive the firsf month without con-

celving are, on the averape, those with the lowest probahilities. Hence,

the conditional nrobability of conception would tend to decline over time

because of a change in sample composition, not a change in behavior.




Further, we show that the mean probabllity of conception in the initial
groun of women is downward blased 1f persistent varlation is ignored.
Mur econometric method enables us to estimate the fraction of persistent
variance in total variance at the same time that we obtain ﬁnbiased es~
timates of the parameters of exogenous economic and demographic variables.
In Section 11T, we present parameter estimates of the model from data
on the interval betbeen marriare and first oregnancy from the 1965 Princeton
Wational Fertility Studv. Our empirical results supgest that the econo-

metric problems discussed in Section III are of considerable practical

importance.
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I. Contraception Strategies and Realized Fertilitv in Stochastic

Models of Reproduction

Beginning with the seminal work of Perrin and Sheps (1964), mathe~
matical demographers have developed stochastic models of reproduction
in order to s;udy the effects of variations in fecundity (i.e. the bio=-
logical capacity to reproduce) and contraceptive practice on the number
'and timing of births over a woman's reproductive 1ife cycle.. In this
section, we fifét describe the stochastic structure of these demographic
models and then show how choice-theoretic economic models of fertility
behavior can be embedded in it.

During any month a woman is in one of five possible states:

Sg — nonpregnant and fecundable

77 ]
1

Pregnant

S, - temporary sterile period due to anovulation following
an abortion or miscarriage

S, - temporary sterile period foilowing a still birth

5]
|

temporary sterile period following a live birth

VThe woman's family building historv (i.e., the number and timing of preg;
nancies and births) is completely described by the sequence of visits she
makes to these reproductive states and by the lenpth of time spent in each
state at each visit. TFor instance, the total number of pregnancies she
has 1s equal to the number of transitions from So to Si and the totai
number of births to the number of transitions from Sl to 54. Similarly, -
the timing of the first conception for a woman who begins marriage in a
nonpregnant fecund state is equal to the lenpth of her first stay in SU

while the length of her first birth interval is equal to the time from

marriage until the first transition from S1 to 54.

If it i3 assumed that the length of stay in each state and the outcome




5
Anovulatory
following abortion
. or miscarriage

® . \
So ] ! 5 5 S0
Nonpregnant %—_’;>! Pregnant — | anovulatory ——> | Nonpregnant [°°°
fecundable : | following fecundable
| ‘ stillbirth -

F ._c;4

Anovulatory
— following
live birth J

Figure 1: States of the stochastic model of reproduction

(note: adapted from Perrin and Sheps, 1964, p. 33)
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Figure 2: States of contraception decisions and pregnancy outcomes
within one pregnancy interval
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of each pregnancy are random variables, reproduction may be viewed as a
stochastic process such as that represented in Figure 1. Assume that

a woman bepins marriage in a fecund-nonpregnant atate,(So); Each month
(the approximate ienﬁth of the ovulatory eycle) she has some probability
of conception. This probahility is called fecundability by demographers.
After a random lenpth of time, she becomes pregﬁaht, nassing from So‘to

Sl' The length of time she stays in S1 is a random variable whose mean

and variance depend- on the pregnancy outcnme. For example, pregnancy - — 7

lasts an average of perhaps less than three months when terminated by
abortion or miscarfiage and, of course, about nine moﬁths when terminated
by a live birth. Finélly; each type of pregnancy outcome has a given
probability which governs the likelihood that sﬁe:ﬁill pass from'S1 to

Si (i = 2,3,4). After spending some random length of time in the pbst-
nartum sterile periﬁd,_she reverts back to her initial nonpregﬁant fecund
state S,. Thus, the family building process may be viewed as a sequence
of reproductive cycles such as the one represented in Figure 1,.each of
which is of réndom iength and outcome.

It is clear in this model that a couple confronts considerable un-
certainty about the number and timing of births. Tt is also clear that
if fertility outcomes are subject to cholce, this choice must be exer-
cised (excluding abortion) through control of tﬁe monthly probability of
conception, n, bv means of contraception or by variations in the frequenc&
and timing of coition over the menstrual cycle. The effect of contracep-

tion on the couple's chance of conception in any month may be expressed as

p¥ =‘p. (1 -e)

where p is the couple’s "natural fecundability" (i.e., the monthly proba-

bility of conception in the absence of any deliberate attempt to control

@

- T
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fertility)and (1-e) 1s the proportional reduction in fecundability
achieved by contracepting with efficlency e.3 The value of e depends on
both the technical characteristics of the method chosen and the care with
which 1t is used.

The nature of contracention declslons and pregnancy outcomes for a
"typical individual" may be examined in more detail with the aid of the
elementary branching process depicted in ¥igure 2. The process is as-
sumed to begin in month 1 when the woman has first entered the nonnregnant
fecund state (SO) at marrilape or after a previous nregnancy and ends with
her nassape into the nreegnant state (Sl)‘in month t or at the end of the
period of observatiorn. Three types of contraception decisions are made
within each nregnancy interval, (1) The counle is assumed to decide
whether or not to cnntracépt when the woman first enters So.a (2) If
the decision 1is to contracent, the counle selects a éiven level of econtra-
centive efficiency, e which determines the woman's monthlvy probability of

concention, pt* = n(l—et), (t<0, 1...). (3) If, at the end of month t,

_3Hatura1 fecundability 1s a semewhat misleading term because it
depends not only on the phvsiolopical characteristics of a woman and her
spouse but also on their "natural" nattern of sexual activity. Variations
in sexual hehavior mav arise from differences in sexual nreferences of a
plven couple at different times in their marriape, from variations in pre-
ferences among counles or from deliberate attemmts to increase or decrease the
chance of concention for counles with given preferences. In the latter case,
nf course, the frequency and pattern of coition should be considered as
variation in contracentive efficiency rather than natural fecundability. Apart
from renorted use of "rhythm' as a contraceptive method, however, it 1s difficult
to distinpuish these two sources of variation empirically.

4In Flgure 2, we assume that a woman who initiallv decides not to
contracept will never decide to contracept later in this pregnancy interval.
The maln reason for this assumption is that our data record whether or not a
woman contracepted in a given interval arnd when (and i1f) she discontinued
eontracention hut do not record when she bepan contracepting. Since the nur-
pose of contraception is to delav or prevent nrepmancv, it seems most nlausible,
eiven our data, to assume that she begins contracention as soon as she 1is at
risk (i.e., enters SO).
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the woman rgmains nonpregnant, the couple decides ﬁhether or not to dis-
continue cnntfacention. |

Observed fertility outcomes follow as a probabilistic consequence of
the contraception stratepy adoﬁted by a coupde. The length of each nreg-
nancv interval is a random variable whose mean and variance afe determined
bv contraception decisions made within thelinterval. The sequénce of these
" decisions across intervals determines the probabilitv distribution of the
total number of nrepnancies and births over a woman's reproductive span.
The contraceotion strategylchosen by a cpuple 1s assumed to reflect the
interaction of the couple's demand for children (including both number
and timing dimensions and embodving their attitude toward risk), the costs
of contraception and their past childbearing experience.

The effect of costly contraception on strategy choices and realized
fertility can be made clearer with the atd of a simple economic model.
Let.us assume thaf a couple receives a fiowiof ¢ units of Ehild services
ner child per vear for as long as the child remains in the household and
that it also receives a flow of s units of other satisfactions unrelated
to children, The counle's 1ifetime utflity function is assumed to be:

(1) intertemporally additive, (2) of identicél form in each year, and

(3) characterized by a constant rate of time preference, It is written

- as

T .
v = t__z-;l {ulc Nt, st) ft} | (1)
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where T is the family's time horizon in months‘%fom the date of marriage
at t = 0, d 1s the réte of time preference, u(.) is the flow of utility
ner month from 1ts consumption of ¢ and s, Nt 1s the number of children

in the household in month t and ft is the cost of contraception 1in month

t measured in utils.5 e assume that the monthly contraception cost

function takes the form

f = fle) (2)

where e 1s the efficiency of contracention, noncontraception is costless

[1.e. f(0) = 0] and increases in efficiency are achieved at increasing

cost (i.e. %& = f' > 0).

The couple 1is assumed to maximize expectedrlifetime'utility subject
to its lifetime resource constraint. For simplicity, we make the following
- additional assumptions: (4) that the household's full income 1s an exogenous

flow of I, per month; (5) that = and 7 the full resource (i.e. time and

t ct st’
money) costs per unit of ¢ and s in period t, are exopenous and (6) that
no borrowing or lending 1s possible so that full monthly income is equal
to monthly expenditure on ¢ and s. Thus, thg'flow budget constraint is-
It = “CtCNt + TSy , ‘3)
7 let us first examine the implications of the model under deterministic

conditions by assuming that contraception is costless ({i.e. £ =0) and

t
that there is no biolopical constraint on fertility (i.e. the couple may

choose with certainty to have a birth any time it wishes). At the beginning

5In princinle, the costs of contracention may include both resource
costs (i.e. time and monev) and psychic (i.e. util) costs. TFor simplicity,
we have assumed that all costs are pnsychic. One implication of this is
‘that variations in contracention costs shift the utility function, not the
budpet constraint. Consequently, variations in these costs cause no income

effects.
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of marriape, the couple's constrained lifetime utility maximization

nroblem is ‘ .3

. - t I, -
max L til d u(cNt,st) + AL ( It + Tl N Te Serl (4)

where the lt's are laprangian multipliers. It is convenient to rewrite
this as an unconstrained maximization probiém by substituting the flow

budget constraint for s, in the flow utility functions to obtain the

prohleﬁ
T v )
max L= % vt(Nt). (5)
t=1
where

(1 —.v CNt)]

N ) = 1
VeE ) =N, I, st 't ct

T - ]
t? Bt) U[C.Tt, 1/TT
=1u (CNt » St)

1s the couple's indirect flow utility function in period t and where the

number of units of child services per month, ¢, received from each child
is set equal to one. Once born, a child is assumed to remain in the
household permanently so that the stock of children can never be de-
NO: L BIEETRI MO P

The couple’s utility flow in any month t = 1, ..., T is determined by

creased ({.e.

the number of children, Nt’ nresent in the household during that month

according to the indirect flow utility function, vt(Nt), which is a con~

cave function 6f the form illustrated in Figure 3.

A

£ . Figure 3
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Let N: be the integer value of Nt that maximiies V.- Given assumptions
(1) - (6) above, the time path of N:‘depends on the time paths of full
income, It’ and the relative resource costs of child services, Wct’“st.
In the simplest case, for example, N: would be a constant over the life
cvcle 1f It and vct/vst were constant because the v, functions would be
identical over time and, therefore, each would be maximized by the same
number of children. If It grew during the life cycle, and child services
have a positive income elasticity, the time path of N: would tend to be
an increasing step function.6 Similarly, holding It constant, an increas-
ing time path of ﬂct/ﬂst would generate a time path of N: which is a
decreasing step function. | |

In the absencé of any biological constraint on obtalning cﬁildren,
a couple's optimal stock of children at any time to is equal to N:O
provided that the future time path of N: is constant or increasing; 1f
it is decreasing, the optimal Qalue of Nto is less than {(or equéi FP) N:o
because the family cannot decrease its stock of children when tﬁat stock
becomes ''too large.'" 1In the case of constant or decreasing N:, the
couple would optimally have all of its children simultaneously at the
beginning of marriage and, in the case of rising N:, births would he

spaced. These implications suggest thaﬁ births are more likely to be

widely spaced, the more rapildly rising 1s the 1{fe cycle profile of full

6Since N can take only inteper values, income must grow by a
finite amount in order to increase the flow utility maximizing number
of children bv one. It should be noted that the time path of N* would.
be unrelated to the time path of I_ in a perfect canital market because
monthly resource expenditures wouls be constrained by wealth rather than
current income. This argument also abstracts from any functional re-
lationship between I_ and 7 /m _ operating through the value of time
(see Willis, 1973). = ct st
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income, and are more likely to be closely spaced the more rapidly risingp
is the time path of relative resource cost of child services.7
We now relax the assumption thaf a couple may costlessly choose. any

number and timing pattern of births it wishes with certainty. Instead,
wWe assume that the counle chooses in any month of the woman's childbearing
neriod (excluding sterile periods due to PIeégnancy or postpartum anovu-—
lation) a monthly probability of concention, n: =p (l—et) by using con-
traception with efficiancy €, at a cost in utils of ft = f(ei) B0 as to
maximize expectéd lifetime utility in the reméining T-t months of 1ife.

| The nature of the decision-making problem maf be 1llustrated by con-
_sidering the ®ouple’'s decision of whether br not to contracept in the first
monfh after marriage on the assumption that the woman is initially childless,
nonpregnant and fecund. At the beginning of the month, the couple selects
a value of contracentive efficiency, € » (0 < e <1) at a cost of f(el)
where, of course, the choice of e = 0 corresponds to a decision not to
contracept and noncontraception is costlessrfi.e. f(el) = f{0) = 0). The
woman's chance of conCEpfion during the month,iS‘pI =,p(l—e1) and her chance
of remaininp nonpregnant is 1- pI » where p is her natural fecundability
(1.e. chance of concéption in the absence of contraception). For sim-
rlicity, agsume thét all conceptions result in live births and that all

children survive to the end of the couple's time horizonm, T.

7It should be stressed again that the present model is a very simple
one which should be elahorated before -hypotheses derived from it are taken
too seriously. As obvious examples, allowance micht be made for (1)
variations in child "quality" (e.g. by letting the number of units of
child services per child be a choice variable), (2) variation in the
scale and time intensity of resources devoted to children as a function
of their age (e. o, pPlausibly, children become less time intensive as
they ape) or (3) investment in human capital by the husband and wife
and its interactions with the cost of children.
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The couple's expected 1ifetime‘utility at the beginning of the second
month of‘marriage is conditfonal on which event, conception or noncon-
cention, occurs in the first month. If the woman conceives in the month 1,
let Vz(bl) be thercouple's expected lifetimelutility at ;he beginning of
month 2 on the assumption that the couple follows an optimal, expected
utility maximizing contraception strategy in all sﬁbsequent time periods
conditional on heginning month 2 in a pregnant state. Similarly, let

Vz(-bl) be expected lifetime utility at the beginning of month 2 conditional

on entering that month in a nonpregnant state.s, The couple's expected life-

time utility at the beginning of marriage may then be written as
* * 9
Vo1 = 1 {vz(bl) - f(el)} + (1-p,) (vz(-b-l) -f(el)} (6_)
where, recall, p; = p (l~e1) .
We may now examine the conditioné under which a couple will contra-
cept in month 1 and, if so, how efficiently. If the couple chooses not

‘to contracept (i.e. it selects e, = 0 and, since £(0) = 0, it incurs no

costs of contraception), its expected lifetime utility is

The term AV, (~b)) = V,(-b;) = V, (b)) is the expected lifetime utility

Brore generally, we mav use the notation V_(b ) to denote the exvected
utility in the remaining portion of life of a cgun&e that conceives in month
t and whose parity (i.e. number of previous hirths) is n-1 at the heginning
of month t-1 and V (~b )} for the corresponding case of nonconception. Later,

we shall illustrate the meaning of these terms more concretely.

The general notation for expected utility over the remaining portion

‘of 1ife for a couple with a stock of n children at the beginning of month

during month 1, v,{0), is omitted from equation (6) since it does not
depend on whether or not the wWoman conceives and, therefore, does not affect
the couplefs decisions. Similarly, the term v (n) is omitted in the more

general expression for V., in equation (9) below. 7 :

t is vnt' For expositional simplicity, tne flow utility from zero children
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of nreventing a conception in month 1. 1If AV (*h ) 1s positive, the

couple will choose to contracept (aqsuming that the marginal cost of conw- .),
traception £f' = gé—, 1s zero in the neiphborhood of e = 0) and, if it
S o daonm o s

is nepative, the couple will choose not to contracept.,

Tor wevkp ool

Assuming that hVZ(-bl) is positive, the couple selects the value

B =

of contraceptive efficiency that maximizes vOl in equation (6). The

ghalbr~e ] .. - o .
first order condition for a maximum is

R R dv01 : - . :
]
S = p {V,0b ) -V (b))} - £ = paV,(~b,) ~f' = 0  (7)
Ienmakattines © del 2 1 271 : 2 1"

and the second .order condition 1s

47

g ' 01

Py = - " < 0. i (8)
¢ ' 1 ,

(a7} (o '

In’ worhs; the first order condition states that the optimal value of ey
iz such that the marrinal eost of efficiency, f', is equal to the expected
dpy*
~marpinal benefit of efficiency, nAV2(~b1), where n = - Egl is the rate
1

ofcdacrease in the chance of concention with respect to contraceptive
effictency and, as.hefore, éV2(~b1) is the exnected utility of preventing
.a concention. The 3ecend order condition implies that the marginal cost

of efficlency must be rising if values of e1 strictly preater than zero or

less than one can be optimal.
vIILP3THEY "analysis is illustrated diagramatically in Fipure 4 where the

hnfiZOntal curves MBa,'HBh and MBC corresnond to three possible values of

the expected marpinal henefit of preventing a conception (i.e. MBw pAv, (~b ))

ierand>the curve 0d 1s the marginal cost curve of contraceptive efficiency

ddmon 5L oeneia
which reaches its upper limit of one at point d. If the value of pre-
THAn. IIDEG -
venting a birth is sufficientlvy high (e.g. MBa),‘the couple will contra-

+

“"cept perfectly (ea = 1), perhaps bv nracticing abstinence. Given a lower

fﬁ”ﬁerwinal benefit such as MBb, the couple will practice contraception im-

J“*-nerfectlv and confront the risk pl = D(l-eb) of having an "accidental”
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conception in the first month of marriage. Finally, if the expected utility

of preventing a concention 1is negpative (e.g. MBc)’ the couple will not con-
tracept and will have a nrobability p of having a "desired" conception in

month 1.

The preceding analysis is easily extended to the contraception deci-
sions of a counle with n children at the beginning of month t.10 General-

izing equation (6), the couple's expected utility ovet‘;he remaining por-

tion of life is

v

* ' * o
At = 'pt {vt+l (bn+1) - f(et)} + (l“pt) {Vt+1 (bn+1-) _f(et)}

-V (9)

: *
41 (Prr) ~ Py 8V (Bpyy) - Flep)

) =Y (~b ) 15 the expected utilitv

~where AVei1 Cbas el CPnr) = Ve o

of ﬁrevent{ng the concention of the n+l child in month t. As before, the

couple'’s optimal decision is not to contracent if AV (-bn+1) is negative

t+1

- ~
and, 1f 1t is positive, to select e  such that f' = pAVt+1( bn+1)' The

sequence of contracention decisions made by a counle depends on how the

sipn and magnitude of AV (-hn+1) varies with time and narity and with

t+l

the probabilistic outcome of these decisions in terms of the actual

10
- It is assumed, of course, that the woman is in a nonpregnant fecund
: state at this time. : '
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timing and number of nregnancies and hirths the couple experiences,

In the first birth interval (i.e. the interval between marriage and .
first pregnancy), parity remains constant at zero, hut time Gariés{ As ig
indicated sthematically in Figure 2, a number of altérnative sequences‘of
decisions within this interval are possible. If AV (~b ) is initially
negative and remains so over time, the couple will not contracept during
the interval and therefore,.faces a constant monthly probabilitv of con-

LY

ception, p. The lenpth of time it takes the woman to conceive is a8 random
variable, distributed peometrically with mean 1/p and variance (l—p)/pz.il
If AVt(-bl) is positive and remains roughly constant over time, the couple
will contracept at somg given level of efficiency such gs e in Figure 4

until an "accidental” pregnancy occurs. In this case, the monthly pro-

*
bability of conception is the constant n = p(l—eb) and the mean and var-

Viance of waiting time to conception are increased to lfp-* and (l—p*)/p*z,, .
respectively, - '
Another Possihility is that‘Avt(~b1) is initially positive, but de-
creases over time‘until it becomes negative as would be indicated in
Filpure 3 by a progressive decrease in the marginal benefit of contraceptive

effiglenev from.MBb to MBC. In this case, according to Figure 4, the cou-

ple initlally contracepts with efficiency ey and, assuming the woman re-
mains nonpregnant, continues to contracept, but with decreasing efficliency,
until MB becomes negative at which time the couple discontinues contracep-

*
tion. It follows that P, continuously increases until it equals p at the

12

time of discontinuation.

1T
See, for exammle, Sheps (1964).
12Another less nlausible possibility is ’hat Avt('b ) is initially

negative and increases over time until it becomes positive. 1In this case,
of course, the couple would begin contracenting once Ay, (~b,) became posi- .
tive, nrovided that the woman did not become pregnant in thé initial period

of noncontraception.
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lTo the extent that decreasing contraceptive efficiency involves a
switching of contraceptive techniques rather than using a given technique
with less care, the decline in efficiency may be subs;antially 1ess‘than
would be indicated Byrfollowing the marginal cost curve 0d in Figure 3
as MBt decreases. As an extreme example, suppose that a couple initially
chooses a technique such as the IUD which has a "technologically” fixed
level of efficiency equal to ey " Further suppose that the monthly
cost of wearing an IUD is zero once it has been inserted!? The "supply"
of contraceptive efficiency, given the choice of an IUD, is then the
dotted vertical line e g in Fipure 4. As long as ﬂvt(tbl) is bositive,

b

the couple contracepts with efficiency e, and faces the constant pro-

b
bability of conception p* = p (l—eb); when Avt(~b1$ becomes negative, the
woman has the IUD removed.

The theory can easily be extended to deai with the cﬁoice of contra;
ceptive ééchniques such as the IUD which involve fixed costs as well as
variable monthly "user" costs. To take the simplest exampie, suppose the
couple must choose either the IUD or not contracept at all during the
first birth interval. The maximum price {in utils) that tﬁe couple would

be willing to pay to have an IUD inserted at the beginning of marriage is

equal to the discounted sum of expected utility pains from wearing an IUD.
‘o
L
t=0 .
utility gained from contracepting with efficiency e

* .
This ""demand price" is dt(l-p )t NBteb where MBteb is the total expected

in month t, t, is the

b 0

duration of contraception before voluntary discontinuation, d is the rate of

13This asgsumption abstracts from that possibility that the IUD produces

unpleasant and "costly' side effects such as cramping. We also abstract from
the possibility that the device may be expelled involuntarily.
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time discount, p* = p(l-eb) and (l-p*}t is the probability that the
woman goes t months without conceiving. If the demand price exceeds
the cost (in utils) of inserting an IUD, the couple will contracept.
It is easy to see fhét the probability of choosing the IUD is greater
the more effective is the IUD, the higher the marginal benefit of pre-
venting a conception in each month, the lower is the rate of discount,
and the longer is the desired duration of use.14
So far, we have discussed how the marginal (and fixed) costs of
con;raception interact with various possible time paths of the marginal
benefit of contraception within the first birth intérval to generate the
sequence of decisions to contracept or not contracept, to select optimal
levels of contraceptive effiéiency and to discontinue éontraception which
are depicted schemafically in Figure 2. Clearly, é similar analysis of
contraception decisibns in subsequent birth intervals is possible. For
example, a decision to contracept in the first mon;h -Bay t = té - that
a woman enters the nonpregnant fecund state Sb after the birth of her
first child wbuld bé optiﬁal if the marginal benefit of contraception,
'pavtz(‘bz), 1s positive. The sign and magnitude of Avtz( -bl) depends
both on the woman's parity - she now has one child - and on the timing
of her first birth which is the probabilistic outcome of éontraception
decisions in the first birth interval.

In peneral, our model sugpests that the reproductive history of a

woman {i.e. the number and timing of pregnancies and births) may be

4‘I'he extension of this analysis to choice amoneg many alternative
forms of contracention which have different fixed and variable costs is
straichtforward, but bevond the scope of this papmer. TFor an analysis of
- the choice of contracentive technique in a static framework, see Michael-

and illis (1973).
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reparded as the realization of a stochastic process whose parameters
are determined by the biological capacity of a éouple to reproducé and
by the sequence of contraception decisions the couple makes. These
decisions, in turn, depend on the costs of contraception and the ‘sign
and magnitude of the‘marginal benefits of contraception (pAV.(-b )}) as
1t varies with time and parity.

It is apparent that any hypotheses that may emerge from our model

about the effect of economic va:iableé on contraception decisions and

—

realized fertility depend crucially on our capacity to derive the rela-
tionship hetween these variables and the Avt(~hn). Formally, the model
of optimal decisionmaking that we have specified requires a couple to
solve a stochastic dvnamic programming problem at the beginning of each
month from marriage_fo menopéuse whose answer 1s summarized by the sign
and‘magnitude of AVt (~bn)', Unfortunately, the vigorous analysis of
these dynamics programming problems remains on our agenda of future

research.15

15Two issues that may occur to the reader at this point deserve
brief comment., First, it is known that stochastic dynamic programming
problems are difficult to solve and often do not yield many predictions.
We are encouraged on this issue by the recent work of McCabe and Sibley
(1973) who have obtained comparative static results using dynamic pro-
gramming techniques in a model of sequential fertility behavior which
assumes perfect fertility control but allows for uncertainty about future
income and wage rates. - Second, 1t may strain the credibility of the read-
er to suppose that behavior is in fact governed by the complex calculations
implied by our model. Without attempting to add to or resolve the ancient
controversy concerning the realism or relevance of deriving hypotheses
by assuming optimizing behavior, we shall simply assert that it is plausi-
ble to imagine that .'rules of thumb” or "behavioral norms" which emerge
to puide decisionmaking in complex situations tend to be perpetuated to
the extent they annroximate optimal decisions. If this is the case,
optimizing models can be a fruitful source of empirical hypotheses
about behavior.
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It is possible, however, to use a simnle two neriod dynamic pro-

pramming model to illustrate the meaning of Avt (*bh) more concretely
than we have done so far aﬁd to show how current contfaception decisions
are influenced by a positive probability of "acecidental"” pregnancies
in the future under conditions of costly and imperfect contraception.-
Paradoxically, for example, we can show that a couple might find it op-
timal to contraceptlwhen contraception is costly in situations in which

it would not contracept if contraception were perfect and costless. This

imﬁlies thét, under certain conditions, a decrease in the marginaihéoét of
contracention may decrease the probabilityv that a couple contracepts. A

. motivation for such hehavior is sugpested by the demographer Nathan Keyfitz
(1971) who argues that the increase in the efficiency of modern birth con-

trol techniques has allowed couples to concentrate their childbearing 1in

the early vears of marriape instead of spacing them widély to avoid the

chance .of ending up wiﬁh "excess" fertility,
To examine therplausibility of Keyfitz's arpument for "precautionary
contraception", consider the following two period model, Let u; suppose
" that a couple has N* - 1 children at the beginning of period 1 and that
the ver period flow of utility from children 1is such that V(N*-l) <vCN*)
> v(N* +1) so that we may sav that N* is the desired stock of children.l6

The counle's decision problem is to decide whether or not to contracept

during period 1.

16For exnositional simnlicity, we assume that children are conceived
at the bepinning of a period and born at the end of the perlod after which
thev provide utility to their parents; that the rate of time preference 1is
zero and that there is no sterile period following birth. Under conditions
of certainty, the cougle's maiimum lifetime utility at the beginning of
period 1 would be v(N") + v(N").
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) The couple hrerins period 2 with either N* or N*-l children denending
(. on whether or not it conceived in neriod 1. 1f it bepins period 2 with
N* - 1 children, it maximizes éxpected utility in the final neriod by not
contracenting. Tn this case, using the notation we defined for the Qenefal

T neriod model, its exnected utilitv at the bepinning of perlod 2 is
v,(-b *) = v(¥* - 1) 40 v + (1-»)v (™ -1).
n

Tf the couple begins neriod 2 with o children, 1t is optimal to contracenpt
in order to reduce the chance of "excess fertility". 1Its expected utility
is

V(") = v + p* v+ 1)+ (10} NY) - £
p by ) = v(N p, v( ) “0,) v (W) - fley)

where n; = (1—e2) is the nrobahilitv of héving the ﬂ*_+ 1 child, f(ez) is
the cost of contracention in period 2, and €qs the ontimal ievel of contra-
fevtive efficiencf, is chosen such that the marpinal henefit [{1i.e.
D[V(N*) —V(N* + 1)])]énd marginal cost (i.e. f') of contraception are equated.
T The counle's decigig; about whether or not to contracent at the be-
ginning of period 1 depends on the sien of AV2(~bn*) = Vz(‘bn*) - Vz(bn*)
which, as before, 1s internreted as the expected utility of nreventing a
concention in period 1 on the assgmption that the counle pursues optimal
(expected utility maximizine) decisions in future nerlod(s). Using the

exnressions derived above, we see that

* * * * *
M, (b %) = (o) (D) - v )+ 0y (vOT) - wedt 41D + £Ce,).

1f contracention ié nerfect (i.e. n; = () and costless (i.e. f(ezj =Q),
AV2(~bn*) is nepative since V(N* - 1) < v(N*). In tQ&s case, thé counle
will not contracent in period 1 in order to maximize‘iﬁs chance of having
the N* child. 1If, however, contraceptidn is costlv and {imperfect, the

* .
(u nositive terms, D, {V(N*) - v(N* + 1)} +f(e2), mav be of sufficient mapni-

tude to make AVZ(-bn*) noéitive and, as ¥evfitz conjectured, lead the
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couple to contracept before reaching its "desired" number of children.

These positive terms have a simple economic interpretation as the

total opportunity cost of imperfect contraception. This may be illus-
(page 17 above) ' * *

trated in Figure 4,on the assumption that e, = e, and p{ v(N') - v(¥ +1)}
= f' = MBb. The total opportunity cost of imperfect contraception is
equal to the area Oijea which, .in turn, is equal to thé sum of the direct
cost of contraception, f(eb), given by the'area Oieb under the marginal_‘
cost curve and the expected loss of potential utility from "excess" fer-
tility, p; {v(N*) - V(N* +1)} = MBb(l-eb), which is equal to the area of
rectangle ebijea. The upper limit of the opportunity cost of imperfect
~ contraception is equal to the direct cost of perfect contraception
(i.e. f(ez) = f(1)) given by area odea in Figure 4.

In our two period example, it 1s evident that a necessary condition

for a couple to engage in precautionary contraception is that the loss of .

potential utility from one child too many, v(N*) - v(N*+1), is substantially
greater than the loss from one child too few, v(N*) - v(N*-l). While this
mipht be true;'it need not be. Indeed, on prounds of symmetry it might be
arpgued that, on the averape, the losses from one too few children and one
foo many children are about equal so that precautionary contraception would
occur in only a minority of cages. Possibly, the incentive to engage in pre-
Cautionarv contraception is preater in‘tﬂe peneral multi-period case hecause
of the chance of hipher levels of excess fertility (i;e. the chance of having
births N* + 2, N* + 3 and so on). Unfortunatelv, examination of this posgi=
bility must await rigorous analysis of the more peneral model.

We shall conclude this section by considering the effects of variations

in economic variables on the optimal path of contracention decisions a couple

would follow under the simplifving assumption that it may contracent perfectly *

at zero cost. In this way, we eliminate consideration of the effect on current




*
the 1ife cycle, the optimal stock of children, N
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decisions of the risk of future contracention costs and risks of "acei-
dental" pregnancies while contracepting since f(et) =0 and‘p: = 0 in
every month in which Avt(-bn) is positive. The analysis is'nearly 1den-
tical to our earlier discussion of fertility behavior in the absence of a
hiological constraint on fertility, except that now the couple cannot ob-
tain children as ranidly as it wishes. |
Recall, for example; that we showed that if the flow of full incbme,

It’ and the rel#tive cost of child services, “ct/“st’ are constant over
£* 1s also a coqstaﬁt -
sav N* - in every month. In this case, the couple will not contracept
until a paritvy of N* is reachgd and will contracent perfectly thereafter.
Although sufficient changes in the levels of income or cost of cﬁild ser-
vices may change the optimal stock of children, thev will have no effect
on behavior (e.g. the monthlv probability of concgption) until N* is
reached. For instance, 1f N* is always greater than one child, variatioms

in income and the cost of children will not influence contraception deci-

gsions in the first birth intefval.

If the cost of child services follows a rising time path (e.g. because
of an increasing wape profile of the wife) and'It is constant, our earlier
discussion implies that the optimal stock of children will tend to decrease
at discrete time Intervals during the life‘cycle. ‘Provided that the optimal
stock at the hepginning of marriage exceeds one child, the couple will not
contracept dufing the first birth interval. Since the timing éf the first
birth is a random variable, the optimal stock of children at the bepinning
of the second birth interval will vary across individual households which
iﬁitiﬁily had identical "fertility poals". Those couples who had their

first child quicklv would have larger optimal stocks of children at the be-

ginning of the second interval than those who took longer to conceive the
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first child. Consequently, the probability that a couple will £0 on

to have a second child is nerativelv related to the lenéth of the
first hirth interval. Extendinp the argument to suhsequent hirth in-
tervals, ﬁhe nrobahilitv that a couple terminates childbearing with the
nth child is positively related to the lenpth of time it has taken the
couple to achieve parity n. Thus, in the case of an exogenously rising
time path of the cost of child'services,—the completed fertility of a-
groun of initiailv ideﬁtical Households is dependent on the realized timing
of hirths.l

A differené rattern of behavior is implied by the assumption of a

rising time path of full income assuming constant m [/ = since, as

ct at

' *
we showed earlier, the optimal stock of children,.Nt, will tend to in-

*
crease at discrete times during the life cycle. 1If Nt = 0 for a period

of time, the counle will contracent at the hepinning of marriage, then dis- .
continue contracention when incpme has risen sufficigntly to- make N: = 1.18
If the first child is born hefore N: iﬁcreases tn two, the couple will apain
practice cohtraception in the secoﬁd interval, discontinﬁe when N: =2 and
so on until the‘highest value of N: is reached at the neak of Fhe income

profile (assuming that It remains constant thereafter). Once actual paritv

reaches this level (there is, of course, some prohahbility that it will not),

7An interesting extension of this analysis would be to consider the
interaction betwueen contracention stratepv and the wife's accumulation of
human capital via lahor force exmerience. See Mincer and Polachek (1974)
for evidence that female ware rates are auite resnonsive to labor force
experience which, in turn, is strongly related to the wife's reproductive

historv.

18Assuming that a major purpose of marriage is to have children, a
(rotential) couple may delav marriage until ¥ = 1, Another nossibility,
of course, is that marriage may be delaved until an actual parity of one
Nesnite these considerations, we treat the date of marriage

is imminent.
as an exorenous event in this naper.
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the couple will contracept permanently. This analysis suggests that the
more steéply rising is the income profile, the more likely 1t is that
counles will contracert in order to space their births.lg It also im-
plies that the probability that a couple will contracept for epacing pur-
poses in the second or higher intervals is greater, the faster its earlier
births occurred. Finallv, an upward shift in the level of the_income pro-
file (or decrease in the cost of child services) will tend ta increase

N: for all t=1,..., T, thus reducing the probability that a couple will
contracept at any given time and increasing the maximum value of N:.

In this section, we have shown how a cholce-theoretic economic model
of fertility behavior can be embedded in the stochastiq structure of
demographic models of reproduction depicted in Figures 1 and 2. Our model
implies that the sequence of decisions to contracept, the cholce of contra-
ceptive efficiency and decisions to discontinue contraceptibn that are made
as a couple proceeds through its reproductive life'cfcle may be'interp¥eted
as a contraception strategy in which decisions at each time and parity level
are based on current and future values of income, costs of child services
and costs of contraception. It also implies that a woman's actﬁal reproduc-
tive history can be intefpreted as the probabilistic coﬁséquencé of this
strategy. |

It 1s clear that much remains to be done before a complete economic
model of fertilitvy behavior within a sequential stochastic framework is
achieved. The rather simple‘model specified in this paper has not yet been

fully analyzed in the genéral T period case under conditions of imperfect

19

As we noted earlier, in a perfect capital market the value of N*
depends only on the present value of the income profile and is independent
- of its shape. 1In this case, the slope of the time path of N_ is rising,

constant, or falling according to whether the rate of interest is greater
than, equal to, or less than the rate of time preference., .
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contracention. Consequently, we are not vet certain what‘implications
the model has for effects of variatioln in the levels and time paths of ./
income and the énst of children on optimal contraception decisions when
there are risks of future "accidental" pregnéncies. |

It 15 also evident that the specification of the model abstracts
from a number of aspects of family decisionmaking and tﬁe environment in
which these decisions are made which probably have a substantial impact
on contracention-strategy. For examule, we have assumed that the flow of
child services from a given child and the costs of producing these services
are independent of the child's age, sex or other traits and the presence
and characteristics of other childrén. We have also assumed that the
flow of services from a child cannot Be increased by the expenditure of
resources on child "quality". Obviously, specifica;ion of a household

production function for child services which incorporated these factors

might considerably altér the impiications of the model for desired spacing
patterns under peffect contraception and attitudes toward the risk of
unwanted pregnancies under imperfect contraception. Other factors that
‘deserve consideration include the effect on fertility deciﬁions of uncer-
tainty about future imcome and wage rates; decisions concerning investments
in human capital and life cycle labor supply by husbanas and wives; and
decisions about the timing of marriage and choicé of spouse's characteris-
tics.

While further theoretical progress is highly desiréble, it is of equal
importance to design and implement empirical methods by which we may deter-
mine the éffect of economic variables on realized fertility as these effects
are channeled throupgh the sequence of decisions we have called a couple's

contraception stratepy. Our ultimate empirical ohtjective is to use data

on the full reproductive histories of women to estimate the effect of
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economic variables and prior experience with the fertility process on
(. contraception decisions in successive birth intervals. By directly

estimating the constituent probabilities of the fertility process (i.e.
the probability of contracepting, the monthly probability of contracep-
tion conditioned on contraception and the probability of discontinuing
contraception) as it evolves over the reproductive life cycle, we can
-explain completed fertility as well as the timing, spaciﬁg and contra-
ception decisions which lead to completed fertility. We can then use the
estimated‘probabilities to simulate the effects of economic variables on
the aggregate birth rate, and can determine at what stages and in what
decisions economic variahles contribute to the explanation ;E-observed
fertility outcomes.

It is obvious, however, that many additional, usuélly unmeasured and

. frequently persistent factors influence contraception decisions and fertility ‘

outcomes. Among these are variations among couples in natural fecundability
due to differences in health or taste for sexual activity and variations in
contraceptive efficlency caused by differences in the taste for children
or distaste for using contraceptives. As we demondtrate theoretically in
the next section and empirically in the final section, these ummeasured
compoﬁents of persistent variation in p ard e ralse a serious statistical
problem in obtaining unbiased estimates of the effect of economlic varlables
on the monthly probability of conception of the representative or average
couple in a sample. We now turn to an examination of this problem and
present a method for resolving it as one step toward ocur longer run objec-

tive of estimating the stochastic structure of an economic model of repro-

duction.




IT. Serial Correiation Problems

In the previous section, we presentéd an economic model of fertility ./
behavior within a sequential stochastic framework. It is important to note
that this structure, as represented by the schema in Figures 1 and 2 of
the previous section, has been presented only for a typical individual.
Unless very strong statistical assumptions are made, the_simple-semi-r
Markov structure does not lead to a sample likelihood function in which
estimated parameterized probabilities can be said to predict accuratély
the probabilities o% observed events for individuals. To see that this
is s0, it is important to distinguish three sources of variation in ob-
served birth intervals among individuals: (1) purely random factors
that arise independently ip each-time period, and are independent of ran-

 dom factors in other time periods, (2) random factors, including unobser-

vable variables, that are correlated across time periods, (3) deterministic

variables such as income and education that can be measured, and which aré
assumed to affect the probabilities.

To fix ideas, suppose we are concerned solely ﬁith‘estimating the
probability proceés deFermining whether a wﬁman has a‘first pregnancy.
Inherent in the model is the notion of a2 time series of events. A woman
has a first pregnancy in month § only if she has not had a first pregnancy
in months 1,...,3j-1. fhe most general way to model this probability is to

imapgine a set of continucus random variablies § 52’ +»+, Which may be

1!
thought of as index functions. The Si’ i=1, ..., = , are assumed to he
intercorrelated. The event 6f a woman becoming pregnant in the first
interval depends on what value the "wheel of chance" throws up for Sl.

Supnose that her education E is the only economic variable of interest.

We mav then define @ + a.F so that 1{f §, <a + alE a woman becomes pregnant .)

1l 1 o A
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in the first interval and leaves the samnle while if the inequality is
reversed, the woman is not nrepnant and stavs in the sample. The probahilitvy

-

of a woman bhecoming nregnant in the jth interval is thus

vr (sl > a + alF.,..., 5.1-1 > e + alEI,S_i <o + alr.) . (10)

If we assume that the 5, are indevpendentlv and identically distributed,
this nrobability mav he written as
j-1
P s T Pr(sS, < + . .
T Pr ( 1 > no4-a1 ) r( i @ alF) (11)
i=1
If each Si is assumed to he distrihuted normally with mean zero, and

2 \
variance Uq, the nrohahilitv statement mav be written using the probit

function,

2 o}
[ . e -t fzdt . / .S _i__ e dt (12)
a’ +a,F .fi;

b ’ s — .
If the Si-were assured to he logisticallv distributed, a similar nrohahility

statement using cumulative loeistics could easilv be written.
If the Si for all women are generated bv the same random process,

a 0-1

. . , ‘0
wa mav use the nrincinle of maximum likelihnod to estimate T and T
s

bv taling a samnle of women with different hirth intervals, and choosing
narareter values wvhich maximize the nrohahility of observing the samle
distribution of hirth iﬂtervals.

Ylote, however, a crucial step in the arrument. e assumed that over
time, the Si were independentlv distributed. This assumntion rules out
serial correlation in the S senuence. Such serial correlation mav naturally
arise if there are unmeasured random variables which rémain at, or near the
sare level, over time for a piven individual, buf which are randomly distri-

huted among individuals. Por example, unmeasured components of fecundabhility
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te.g. semen counts of hushands., tastes for coital activitv, and variattons

in contraceptive efficiency) plausibly have a persistent comnonent for the ./
same individual across time periods althouph these components mav vary
) 20
wvidelv amonp indiv1duals.2 Similarly, imnortant economic variables may
. 21
be missing in a given hody of data.

Following a convention in the analysis of covariance, we may decomnose

Si into two components

5, =T +e¢ ' | (13)

where Ui is a random variaﬁle with mean zero and varian;e ci, ahd £ 1s a
randﬁm variable with mean zero, and variance cz. He further assume that
E(DU) =0 , 173 | (14)
E(Uie) =0 . ,1=1,..., =,
Then Si is a random variahle with mean

=0 , (15)

and
2
E(S,5.) = 0_, 143 (16)
2,2 '
= U€+c_, i=j§ ,
Thus, the correlation coefficient hetween Si in any two neriods,

o , may be defined as

2 2 ' 17

Clearly, it is possible to imagine more peneral intercorrelation relationshins

2OThe nproblem of heterogeneity is considered in a demopranhic
context bhv Sheps (1964}, Potter and Parker (1964), Sheps and Menken
(1972} and Shens and Yerken (1973).

21In this narer, we abstract from the further nrohlem that the q
unohserved commonents mav he correlated with the included variables. o
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such as a first-order Markov nrocess. These eaneralizations are straisht~
(. forvard and, since thev are not of direct interest in this naper, are not

nursued here.

If intercorrelation anplies because there are persistent

omitted variaﬁleé, the probabilitv of a woman becoming pregnant in interval

i can no lonrer he written in the simnle form of enuition (10) (or if € is
assured normal, as in equation (12)). To see what the appropriate probahility
gtatement becomes, note that in éeneral we mav write the probabilitv of the

event conditional on a piven value of £ as

‘:"r(S1 > ao+a Fyeee,8 > ao+u r, Si < ao+nlﬁle) . - (18)

1 i-1 1
But note that if e is held fixed, the distrihution of Sl conditional on

E = € must satisfy the following pronarties:

v . - .

Fes,s. |€) =
"1 2 22,
uu +€ 1=

and,since the Fi are indenendent, the conditional values of Si are also

1ndenendent3 Then ve see that

o ' s ‘
Tigoruyt ., 5 1 n
Pr(S1 > uo+u1 . ,91_1 >an+alr, ¥ < ao+a1 IE) (27)

; "] 4" “\
= £ D) +a_E PR +a_E
Pr(ql > ao+al_| e)Pr(S2 >a _+a, fe) Pr(Sj <a alF[ £)

so that conditional on ¢ = E, we reach preciselv the same functional form

as in equation (11) there nersistent omitted variables are ignored. Tow-
ever, to solve bac!: to the nrobability statement of interest, where e is
permitted to varv hetweeh nlus and minus infinitv, we note that the uncondi-

tional nrobabilityv may be written as

’ h 5 2
Pr(Sl > ad+alrle) T"r(S2 > ad+nlh|e)...Pr(9j < ad+a13| e)h(e)de (21)

-0




- 34 -

vihere h(e) is the rarrinal densitv function of g

» and £ 1is nermitted to

vary over all nossihle values, as hefore.

In the special case with S normally distributed vith zero mean

and
2
variance 08 + Uu’ enuation (213 hecomes
i-1,
® [_., 1 U_E)z] (a g+ a,E) 1 (v-e)?
1 e 2 37 1 2 902 e?/2¢
— u u 1 €
) aE w T e
. \/ Zﬂcu LEM de:
+a. E) . ' ' ‘
/ o ko 1 | e .|
Hi
Letting t = g— y and g = ?E;_ » and using the definition of o in equation .
u _ €
(17), this intepral may be written as .
r 2, TGI-1 l- a*+G*E+p1,2q ]
™ , -t“/2 o 1 2
| e 1 1732 ~t%/2 e 9 /2
(1-p) 1 e 1 ,
v2r  de d dg
J2n t \Jon (22)
i 1/2 ,
/. ;a?ufE-!-o ~ a0
2
(l-n)ll
L ] 3 ]
o] - o ]
o 1
wvhere af = T-,,—]-—-E and ao* = RV
° (ol b ol

If no serial cnrrelation is nresent (p=N), this expression collanses
to equation (12). In ‘the more seneral case, p allows us to measure the

nronortion of total variance in the index exnlained hv svstematic correlated .\

o
comonents.
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Notice that therélis”an alternative ”incideﬁtal parameters” argument
tﬁat leads directlv to equation (22). Sunnose 1t {8 arpued that in an or-
dinarv prohbit model a disturhaﬁce "e¢" appears. This may be viewed as an
incidental parameter with densitv function h({e). Following a sugpestion
of Kiefer and Wolfawitz (1956), thg nroblem of-incidental parameters has
precisely the solutiqn written in equation (21) and for the normal case

this solution becomes equation (22). ‘Inra simple one veriod nrohit model,

such as one designed to explain the purchase of refrigerators in a cross

section, the "incidental narameters' problem hecomes irrelevant as long

!
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as the 1ncidental parameter is normally distributed. Thus, 1f =1,

eruation (22) mav be written as

*
a¥*+a E
o 1

1 2
/ -Jge-t /Zat

so that correlated and temnorally random components cannot have separate
effects, as 1s intuitively obvious.

Yet another internretation of these results is possible. An individual

may he imagined as having a peometric probability process characterizing the -

LU

probabilities of pregnancy at each interval for a given ﬁalue of k. " 1is,
in fact, a random variable poverned by a densitv function h(é). Then the
true probability of onregnancy at month i is a cOntinuous mixture of peometrie
Processes and is given bv equation (21).22

The Implications of Serial Correlation

In this section we demonstrate that estimates of the coefficlents a*
and a;, defined in the previous section that are based on techniques which
ipnore serial correlation will, in general, be hlased, although 1t 1s not
nossible to sipn the hias. To see this, we first considér the case of no
lserial correlation.

In this case, the conditionél nrobability of a woman of education level
E becoming prepnant in interval j» given that she was not pregnant in the i-1

previous intervals ig

[Pr{s > g +a1E)]ﬁ_1Pr(S < ao+a1E)
m, = ° - = Pr(S < a_+a;E) (23)
V' teegs s u°+a1E)]j

and is clearly the same for all intervals j=1,2,.... However, in the case

2F‘or a discussion of mixtures, see Kendall znd Stuarg, Vol. I, (1969)
Pearson (1894), Ouandt (1972) and Zellmer (1973).

o
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of serial correlation, this conditional probability hecdmesl

¢ | L L 2oyt )] TPE(S cagtayplontrde
" ] ' ; - (24)
I[Pr(s > ao+a13|g)]1'1h(e) 4

Using the fact that Pr(S < ao+a1 Ele)= 1-Pr(s> a°+u1E|e), the conditional

probahility ; becomes

]

Pr(sS > o +a E|e)jh(e)§lc‘
/. o 1 (25)

%)
m, =1 ~ .

Z: Pr(s > a°+alE|e)1—lh(e)de

It can be proved that the conditional monthly probability of conception

declines for successive months. Using the fact that

lnf[Pr(S> ao+alE|e)]jh(e)ds

. is a convex funetion of j (Hardy, Littlewood, and Polya, 1934 )} the dif-
ference between two successive conditional nrobabilities of becoming

pregnant is
o

[lrreagnzlot e [ s wrlol nee

R L)

m, ~m = -
I+13 o =
&Pr(s>ao+alE e) ]‘1 h(e)de [w [Pr(S>a.°+alE‘ e)]‘1-11;(c)de:
, (26)
o 1 an
- / 3 [ | 41 > 1-1
[Pr(S>a°+a1E|e.)] h(e)de [Pr(S>a°+czlE|s)] h(E)de-iPr(SmHéalE‘e)]h(e)de

- O -—

ﬁPr(S>a°+alE ley ]jh(e) de -prr [S>a.°+a.1E le]jﬁlh(e)dt—:
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‘Figure 5

The cited convexity result implies that

In /[Pr(S>ao+ulE]é)]1h(e)de <%‘ ﬁPr(S>ao+a1E|s]j+1h(e)ds

=1n f[?r(ﬂ>ao+u1E l €) ]j-lh(e)ds

Multiplying both sides by 2, and exponentiating, the numerator of exnression
(26) is seen to be negative, thus proving that successive conditional proba-
bilities'decline.
This phenoménon i1s depicted in Figure 5. The slope of the curve for the
case of serial correlation is neéative as shown, but the precise shape of , g

the curve is only supgestive. A simple estimation method, such as lopit or
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probit, anplied to data on fertility outcomes imposes the constraint of
constancy on conditional probablilities., 71t is intuitively obvious, and
formally correct, that if persistence 13 important, but neglected in forming
parameter estimates, a time trend that does not belong in the model might
nonetheless nrove statistically significaﬁt. 7

Since setial correlation in ordinary regression models does not lead
to bias in coefficient estimates, it is important to motivate why it leads

to bias in our case. To show what is involved, consider specializing the

' simnle model further so that there are only two education classes. Suppose,

in particular, that F assumas the value of zero or 1 corresponding to low

or high levels of education. For each education class, we nay estimate a

nonthly probability of becoming pregnant P (1) where 1=0 for low education

women and i=1 for high education women. Given a functional form for the
distributicn of the S er t = 1, ...'m, we may solve P(1) uniquely for c*
and uf, 8o that a comparison of direct estimates of the P(1) for the two
education groups will give direct information on - u* and nl.

Suppose estimates of P(1) are formed neglecting serial correlation.
This may be done in several ways all of which lead to the game estimate.
One wavy is to partition the dgtg on length of time to first pregnancy by
educational level, and estimate the average interval for each education
class. The inverse of these two averages leads to estimates of the

monthly probability of Pregnancy aesuming that serial correlation is

absent, A second, and equivalent approach, is to maximize the sample
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likelihood for each education class.23

Note that these estimators are the correct meximum likelihood_ .)
estimators assuming no serial cérrelation. The procedure yields con-
sistent estimators of mean lengths of duration to first pregnancy even
in samples with serial correlation sinece the population mean is the same
for all_observations and Khinchine's tﬁeorem readily applies.24 However,
in the presence of serial correlatioﬁ, the mean length of duration is not
simply related to any measure of diréct interest. In fact, the invepse of
the mean duration estimates the harmonic mean of the probabilities N .

Pr(S-cﬂo +a 1Eté)

over all value of ¢ . To gee this, note that the mean duration to first

pregnancy is simply

1

Pr(S < a + alE]E) h{e)de

23Thus, in constructing this function, if a highly educated woman
goes f2-1 monthse without pregnancy and becomes pregnant in the tth month,
the probability of this event is -

a-ran*ra |

Similarly, if the sample period 1s T months, highly educated woman
never gets pregnant with probability (1-P(1)) . Producting these proba-
bilities associated with observed events, we reach tha probability ef
the sample outcomes. Choosing value of P(1) which maximizes this prob-
ability yields maximum likelihood estimates of P(l). Defining NL as

the number of women who become pregnant in month £ ,

Nop

N N N, -
E = r] Ha-rwrm] a2 ... [1-p@)]

where N_ is the number of women who do not become pregnant in the sample
observagion reriod. Thus maximizing-}f(l), or equivalently inéf (1), the
T ,

estimator for P(1) “ T Nii
is clearly P(1) = 1/( —E—) s Where N = [ Ni
i=1 i=1

i.e. the inverse of the average interval.

2"'l“or a statement and proéf of Khinchine's theorem see C.R. Rao
{1965), p. 92.

]
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gso that the inverse of this is the harmonic mean

® ~ -
I[Pr(s <o+ ulE‘ e)}—l'h(e)de .

We seek eatimates of the arithmetic mean

Pr(s <a_ + alEls)h(e)de

for each group (E=1 or 0) to estimate the effect of education on the

probabilities of Sirth. Since iﬁ general the défference in arithmetic

means ig different from the difference in harmonic means, estimators

based on the hafmonic means will be biased, although it is not possible

in general to 'sipgn the blas. The same argument applies if other explana-

tory variables apart from education are included as well.

In addition to solvﬂngrproblems of oias, direct estimation of the

. probabilities allows us to solve the problem of open intervals. If a

given sample covers only a portion of a woman's reproductive history, it

is likely that some poetion of the sample will not conceive. For such

women, the probability of this event is easily derived and such data may

be pooled in sample likelihood faahidn with data ffom women who coneceive.

Thus no arBitrary assignment of interval length to nonconceiving women

is necessary as would be-needed in an ad hoc fegression study ugifng interval

length between marriage and first birth as the dependent variable.25

253esides avoiding this ad hoc methodology, the procedure suggested
in the paper provides an explicit approach to a derivation of theoretically
appropriate test statistics, something lacking in the regression approxima-
tion approach. o CoT T T
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IIT. Empirical Results

This section presents estimates of the monthly probability of éon-
beption in the first Pregnancy interval following conception uging the
econometric model ﬂeveloped in the preceding gection. The data consist
of a sample of white non-Catholic women, married once with huaband
present for 15-19 years from the 1965 Princeton National Fertility Study.26
The sample of all suéh-women was réduced by eliminating women who reported
premarital concgptioﬁsror who had missing values for relevant variables,
Themsample was then divided into two groups, contraceptors and noncontra-
ceptors, on the basis of the woman's reapohse to a question concdrning
the contraceptiie methods she used before her first pregnancy (or in her

current interval if she had not had a pregnancy). Summary étatistics on
the two groups afe presented in Table 1 including the means and variances .
of the three independent variables (wife's education (W), wife's aée (a),
and husband's predicted income at age 40 (H)) whose influence on the monthly
probability of conception is estimated,

Women in each sﬁbsample were "followed" for a maximum of 120 months
‘beginning with their first month of marriage. Among the non-contraceptors
we estimate the monthlylprobability of concertion in the first pregnancy

interval by estimatdéng the parameters of an equation 66 the form of

26The 1965 National Fertility Study, conducted by Norman B. Ryder
and Charles F. Westoff, 1ig a crogs-section national probability sample
of 5617 U.S. married women which 1s described in detail in Ryder and Westoff
(1971). For our purposes, its most important characteristics are that it
Tecords (retrOSDectively) the date of marriage of the woman, the dates of
each pregnancy termination, the use of contraception in edch pregnancy
interval, and the time of discontinuation of contraception prior to preg-
nancy in addition to a number of household characteristics such as income

and education,

®




. =42 -

Table 1

Mean and Variance of Independent Variables for Contraceptors and
Non-Contraceptors in First Pregnancy Interval After Marriage*

(variance in parentheses)

Non~Contraceptors Contraceptors

N=177) (N = 2486)
A: Wife's Age at Marriage 257.1 252.3
(in months) (2746) (1687)
W: Wife's Education 11.2 12.2
' (6.3) (4.6)
H: Husband's Predicted Income 7.58 - 8.17
at Age 40 ($1000)*» (2.5) (2.12)

*
Sample: White, non-Catholic women, married once for 15-19 years, no
premarital conceptions and no missing values.

**Husband's predicted income is based on an estimated regression re-
lationship between husband's income and his education and experience (i.e.,
age minus vears of schooling minus 6) from data on all white non-Catholic
men in the 1965 NFS sample for husbands. The variable H is then imputed
for men in the current sample on the basis of the man's education, with
age set arbitrarily at 40. Thus, H may be interpreted as a transformation
of hushand's education or as his permanent income, depending on the reader's
preference. ' : ‘




- 43 -

equation (22) in Section IIbe maximumllikelihood methods.27 That is,
using the functional form of the I1ikelithood function implied by equafion
(22) we estimate parameters which maximize the likelihood of observing
the events that occurred in this subsample. These events are (1) that

a glven woman conceived in month 1 G=1, ..., 120) Qr (2) that ghe

went 120 months without concelving. - Among the contracentors, we estimate
in similar fashion the monthly probability of conception given that the
woman {s contracepting. In this case, the events we observe are (1)

that a woman conceives in month j while_using # contraceptive; (2) that
the woman uses a contraceptive for k months without conceiving, at which
time she discontinues contraception (this decision is treated as an
exogenous event); or (3) she continues using contraception for 120 mouths

and does not conceive.zs

|
Parameter estimates for the non-contraceptors are presented in
Table 2A and for Contraceptors in Table 2B. 1In each group, we estimated

8ix models which differ in the number of parameters estimated in order to

determine the statistical significance of individual parameters or gets

27The methods used are described in Goldfeld and Quandt (1972, Ch. 1).
Two algorithms, Powell and GRADX, were used in tandem to ensure that the
estimates are stable, That is, in the first stage the parameters of the-
1ikelihood function were estimated by the Powell method. These parameters
were then given as initial values in a GRADX optimization procedure whose
final parameter values are reported in this paper. The computer program,
written by C. Ates Dagli and Ralph Shnelvar, is available from the authors
on request.

28As we noted in footnote 4 p. 9, our data only record whether a woman
Contracepted in a given pregnancy interval and when and if she discontinued
contraception. They do not record when she began‘contracepting or any other
interruptions in contraceptions other than «the final decision to discontinue.
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of parameters using likelihood ratio tests.29

Among these parameters, we have a particular interest in the magnitude

of the serial correlation coefficient, p, its statistical significance and

the influence of its inclusion or exclusion ffom the e?onometric model

on the other parametefs of the model (i.e., the constant term, G and the
coefficients of A, W and H which are, respectively, Gyr Gy and u3). Accord-
ingly, we present two estimates of each set of a's in Table 2, ome in

which o 1s constrained to be zero and one in which p is free to assume a
nonzero value.

It is easy to see in Table 2 that p is positive and statistically
sipgnificant in every instance.30 Among the non-contraceptors p = 0.450
when only the constant term is entered and falls to 0.#26 when the wife's
age at marriage is held constant, but does mot fall any further when wife'§
reﬁucation and husband’s predicted income are added to the model. Similarly,
the estimate of ¢ in the contracepting subsample falls from 0.549 to 0.531
when Alis held constant and to 0.526 when W and H are also held comstant.

If we recall that the definition of ¢ is the frﬁction of peraistent

variance (o:) in total variance (a: + ai), the decrease in p is easily
understood as showing that the exogenous variable A in the non-contracepting
subgample and the variables A, H and W in the contracepting subsample con-

tribute to the persistent component of wariation in conception probabilities

ng property of maximum likelihood estimation is that twice the
difference in log likelihood between two equations (within set A or set B)
18 distributed as Chi-gsquare with n degrees of freedom where n is the
difference in the number of parameters in the two equations.

30C°mparing lines (1) and (1') in Table 2, for example, we find that
log likelihood rose from -692.71 to -619.50, a difference of 73.21. Twice
the difference in log likelihood is 146.4 while the critical value of
Chi-square with one degree of freedom at the .95 level is 4.6.
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Tabla 2

Estimates of Parameters of Model for Contraceptors and
Non-Contraceptors in First Pregnancy Interval after Marriage

Wife's Husband's Lo :
: . Age at Wife's Predicted Likelihood
Constant o] Marriage FEducation Income ‘
(a) (a)) (a,) (z,)
A. Non-Contraceptors
(1) 2.016 -692.71
an) 1.214 . 0.450 -619.50
(2) 1.154 0.0033 -680. 42
") 0.172 0.426 0.0042 -613.36
(3) 1.022 0.0031  0.017 -0.0033  ~679.80
(3') 0.132 0.426 0.0041 -0.004 0.0125 -613.33
Contraceptors
(4) 2.264 -336.92 -
(5) 1.307 0.0038 -332,42
(5') 0.646 0.531 0.0046 -316.32
(6) 1.072 0.0036 -0.0016 0,.0387 -331.82
(6') 0.943 “0.526 0.0042 -0.0068 0.0903 -314.89
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among women Iin the two subsamples, The small size of the decrease in p,
however, also shows that the contribution of other factors we have not

held constant constitutes the major fraction of persistent variation. This
suggests that 1t 1s unlikely that the heterogeneity problem can be overcome
simply by holding constant a number of observabie variables,

The size of the decrease in p caused by the addition of exogenous
variables 1s, of course, related to the stﬁtiotical significance of these
variables. The wife's age at marriage is the only variable to pass a test
of statistical significance at conventional levels in either subsample.31
Wife's education and husband’s predicted income are utterly without effecﬁ

on log likelihood in the non-contracepting subsample (e.g., the change in
log likelihood from line (2') to line (3') is 0.03)., This is not entirely
surprising because the channels through which education and income may
affect the monthly probability of coneeption among non-contraceptors are
essentially limited to correlations of these variables with health or
coital freﬁuency.

Our theory suggests that we should expect to find a2 larger impact
of income and education on the monthly probability of conception among
contr;ceptofs. In this group, variation in conception probabilities is
.caused by variation in contraceptive éfficiency due to differences in the
techniques chosen and the care with which a given techaique is uged as
well as variation in natural fecundability. Comparing lines (5') and (6'),

we findrthat the change in log likelihood is not completely trivial (twice

31

Twice the change in log 1likelihood from line (1') to line (2') for

noncentraceptors is 12.1 and the corresponding change from line (4') to
line (5') for contraceptors is 6.2, both of which exceed the 0.95 confidence
level, Wife's age is also significant in the equations in which p is

constrained to equal zero.
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the difference in iog likelihood is 2.9), but it falls well below conven-
tional lavels of significance.32

Estimates of the monthly probability ﬁf conception and the effects
of changes in exogenous variables on that probability differ substantially
depending on whether or not serial correlation is tﬁken into account. 1In
Table 3, we present examples of estimates of levels and changes {n the
monthly probability of conception among non-contraceptdrs and contraceptors
with and without p conétrained'tb equal zero. These estimates are derived
from the parameter estimates in Table 2. BRefore Eurning to Table 3, 1t
will be helpful to show how the estimates 1# Table 3 are derived from those
in Table 2 and how they are to be interpreted in light of our statistical
discussion in Section II. |

When p 1s constrained to equal zero, we proved in Section II that the
resulting estimate of the monthly probability of conception iz an unbiased
estimate ‘'of the harmonic means of the conception probabilities of the in- |
dividual women in the sample. Let the harmonic mean be ; for noncontracept-
ors_and ;* for contraceptors. If p wére truly equal to zero (i.e., if all
women in a sample ﬁad identical conceptionnprobabilities), then the harmonic
means would equal the arithmetic means of the two groups, ; and ;*. If we
are interested in measu;ing the arithmetic means, the difference betwee; |
P and ; {or between 5* and ;*) measures the bias caused by ignoring sérial
correlation,

In order to make this comparison, it is necessary to evaluate ; and E*

32The critical value of Chi-square with two added parameters is 6.0
at the 0.95 level. Since the critical value with one added parameter is

4.6, 1t 18 tlear that neither H nor W would be significant if entered alone

into the equation.
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Table 3

: Estimates of Monthly Probability of Conception Derived From
P Parameter Estimates in Table 2

(a) . (b)

LY Ry, - -
Harmonic Mean (p or p*) Arithmetic Mean (p or p*)
with Serial Correlation with Serial Correlation
Ignored Allowed
{(p = 0) (o > 0)
A. Model with Constant
———= 77 term only (uol
1. Non-Contraceptors .022 -~ .113
2. Contraceptors .012 .038

B. Effect of Wife's Age at Marriage
{Model with GO' al)

Non-Contracaptors .
3. Age 20 »026 _ ) $122
. . 4. 2Age 21 .023 ‘ .111
5. Age 30 .0l0 ‘ .048
Contraceptors
6. »Age 20 013 .040
7. age 21 .012 - .035
8. Age 30 .004 .010

C. Effect of Wife's Education*
(contracaptors only)

9. We=g | .014 | .046
10. W = 12 .015 | .048
11. W= 16 (015 .052

D. Effect of Husband's Predicted*'
Income (contraceptors only)

12. H= 3 .023 097

13. H= 7 ' .015 .052

14. H = 10 .011 .027

These estimates are obtained from parameter éstimates of models with «

3 r
Qyr Byp gy by setting A = 20 and H= 7, 0

*
These estimates are obtained from parameter estimates of models with Gyr Gy
@,, X, by setting A =« 20 and W= 12. :




at the beginning of the first month of marriage. The reason for this is

that when serial correlation is present, the conditional probabili;y of .
conception in month j of the subsampde of women who have gone §{-1 months
without conceiving 1s smaller the larger is 1 because the most fecund
women tend to be selected out of the original sampie by conceiving in
the early months of the interval.‘ |
The deriviation-of estimates of p andrs* evaluated at the outset of
marriage from the parameter estimates in Table 2 is straigh:fofward,wvwgﬁ,“a_wﬁf
need only read off the appropriate values from a table of the standard
normal integral. If we consider line (1') in Table 2, for example, then
a1 - 5), the monthly probability of not conceiving among non-contracéeptors
in the first manth of marriage is

a - 1021‘ 2
1-7= At 4 a Laey

< 5] o
so that p = ,113, the value which is entered 4n line 1(b)} in Table 3A. When
serial correlationlis not allowed, the value of g in the upper limit of
the integral 1s 2.016 (see line (1} in Tahle 2) se that ; = /022, the value

" which is entered in iine 1{a) of Table 3A. Thus, we see that bias from
not considering setifal correlation is quite larger. Similarly, in lines 2(b)
and 2(a) of Table 3 we see that the arithmétic mean monthly probability of |
conception among contraceptorz 1is 5* = .038 and the harmonic mean is ;* = 012,
In Table 3B, we evaluate the monthly probability of conception for several
values of wife's age at marriage for non-contraceptors and contraceptors with
and without p constrained to be zero from parameter estimatescin lines (2),

(2'), (5) and (5') in Table 2. Here, we notice that the effect of increased

wife's age 18 to reduce the probability of conception in both groups and that

this negative effect is markedly greater when serial correlation is taken

There is some evidence from these estimates that failure to

into acecount,
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account for serial correlation resultp in dovnward biased astimates of
contraceptive efficiency, e. Recall from Section I, that we defined the
monthly probability of conception while contracepting as p* = p(l - &)

from which it follows that e = 1 - p*/p. Using the estimates for 20 year
o0ld women in iines 3(a) and 6(a) in Table 3 we may compute contraceptive
efficlency as ¢ = 1 - ;*/; = .5 when p is conatrained equal to zero, while,
from estimates in lines 3(b) and 6(b), we compute e = 1 = p*/p = ,67 when

p is unconstrained.3

In parts C and D of Table 3, we evaluate the ceteris paribus effects
of variations in wife's education and husband's predicted income, on the
probability of conception among contraceptors using the parameter estimates

34 The most notable features

contained in lines (6) and (6') of Table 3.
of these estimates are that husband's predicted income appears to have a
large nepative impact on p¥ suggesting that higher husband's income is
aésbciﬁted with improved contraceptive efficiency while wife's education
has, if anything, a slight positive effect on p*.

This finding, 1f it is not wimply a result of imprecision in our para-
meter estimates, is rather surprising because it is wife's education that

has been found repeatédly to have a substantial negative impact on'completed

fertility while husband's predicted income has a weaker, non-monoténic effect

33The absolute values of e should not be taken too seriously because
it 15 quite likely that the natural fecundability, p, of non-contraceptors
is lower than that of contraceptors since one of the reasons for not con-
tracepting is subfecundity or sterility. A more complete econometric model
would allow for the decision to contracept to be determined simultaneocusly
with the monthly probability of conception in order to reduce or eliminate
this gelection bias. '

34
It should be emphasized that neither W nor H was statistically signi-
ficant and, therefore, that little confidence may be placed in the magnitude
or signs of their effects.
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‘(see, for example, Willis, 1973), However, it should also be noted that
Michael and Willis in their paper at this Conference have found that hus-

. band'a predicted income has a aipgnificantly pogitive effect on the pro-
bability that coupleg used the highly effective oral contraceptive pill

in the period 1960-64 while wifq's geducation had # weaker, non-monotonic
effect on this probability. While both our finding and the Michael-Willis
finding are based on data from the 1965 National Fertility Study, their
samp{es and ours afe independent.35 Moreover, estimate§ of completed
fertility equations from 1965'NFS data vield very similar results to those
estimated by Willis (1973) from 1960 Census data. These applreﬁtly contra-
dictory effects of husband's incomé and ﬁife's‘education on completed
fertility and contraceptive efficiency present a puzile. Hopefully, future
research will determine whether the apparent contradiction is genuine'and,

if so, how to resolve it.

5Our sample consists of women whose first birth interval began in
1946-1950, while their sample consists of women who were parried, had
their first birth or had their second birth in the period 1960-1964.

he
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